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1. EXECUTIVE SUMMARY

This is thefinal report of the Addressing the Rebound Effeptoject. The overall project objectivesd
tasks were

G
H

S
S

1. Review the current State of the Art knowledge and practice on the rebound effect occurring in the
EU from EU policies on resource efficiency, waste preventionSaisthinable Consumption and
Production SCP(direct, indirect and economy wide) as well aslev international experiences.

2. Analyse ways to prevent, reduce or counteract the rebound effect and their effectiveness.

3. Develop guideline recommendations faddressingrebound in policy in order to achieve the
maximum environmental benefit through thegolicies.

Thisreport documents the key findings frobasks 1- 3. A key focus of theroject has been to identify
SCP relevanteal world case examples that illustrate rebound effects emehsurego counteractthem.
A summary of theroject (.1), findings from theState of the Arreview(1.2) and keyrecommendations
for addressing rebound effects in poli@y3) are summarised below.

1.1. PROJECT OVERVIEW

TheTask 1 State of the Areview analysed key evidence literature sources dadxpert stakdéolder
responses receivednainlythrough intervievs supplemented with mail responseg15 responses was
the originaltarget). Key topics investigated include:

9 Existence and significance of the rebound effect (direct, indirect and/or economy.wide)

1 Accuate measurement of the rebound effect (direéndirect and/or economy wide)imitations of
current approaches and any improvements required

1 Links between the rebound effect and other factors causing consumption e.g. pigiog)eetc.

1 Whether internalising all environmental externality costs in prices in the future (e.g. for energy,
water, materials, land use etc) would make the rebound effect irrele¥ant

1 Case examples illustrating the rebourffket associated with resourcejaste and SCP itnements.

1 Measures toaddressthe rebound effect in environmental policy making and successful use of this
already.

The stakeholder questions and respondents are listefirinex AandB with their generic responses to

the topics inAnnex C The evidence literature sources reviewed ar8. ReferencesKey experts that

have or are involved in credible rebound effect projects in the EU, USA, India and China have provided
input. The general response from expewss that the projectwas welcomed, timely and the right
guestions being investigated. All these evidence souwgsre analysed to present the current status on
rebound effect knowledge and practice as well as identifyimgnty four case examples that illustrate

the rebound effect fo different products/services/SCP policies and/or measureadairessingt.

European Commission DG E 5
Addressinghe Rebound Effect
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A stakeholder meeting on 28 February with over fifty attendees discussed the key findings from the state
of the art review and further informed the recommendations for addressefgpund effects in policy.
The reportof the meeting is iAinnex D Overall there is strong interest from stakeholders on this topic.

1.2. KEY REBOUND EFFHNDINGS
1.2.1 DEFINITIONS

Our working definition and scope of the rebound effect igcreases inconsumption due to
environmental efficiency interventions that can occur through a price reduction (i.e. an efficient product
being cheaper and hence more is consumed) or other behavioural respdhge®ncompasses both
price inducecnd mental/psycholgicalrebound effects. The mental rebound effect is where a feel good
perception of beingigreere encourages increased consumption for certain products whigreere or

lower impactoptions are readily availabl@hree types of price induced rebound effece recognised:

1. Direct Rebound Effect where increased efficiency and associated cost reduction for a
product/service results in its increased consumption because it is cheaper.

2. Indirect Rebound Effect where savings from efficiency cost reductiomsable more income to
be spent on other products and services.

Both direct and indirect rebound effects are microeconomic.

3. Economy wide Rebound Effect where more efficiency drives economic productivity overall
resulting in more economic growth and consumption at a macroeconomic level.

There are many definitions for rebound effects in the evidenceJagons Paradoxhich are detailed in
4.2

Themagnitude of therebound effect is typically expressed as tiercentage of potential savings taken
back from the maximum efficiency improvememtpected.

1.2.2. EXISTENCE AND SIGNIFICANCE

tKS SOARSYOS FyR &ail |1 SK2ft RSNAE aK2g Of SINJ NEO23yA
advise that the questionsi not about whether reboundeffects exist or not but to what level of
significance and in what produétservices sectorsand interventions. One of the reasons there is debate

on the rebound effect is because it is hard to measure and varies dependitng amtervention (policy,
technology, practice), the type gfroducts/services/resourcefvestigated (energy, food, transport,

etc.), as well as other related factors e.g. income leyebductivity, price elasticity, saturation, location

and time (Sorrl, 2007; UKERC, 2007This is one explanation proposed for why it is not currently
factored into key energy studiésforming policye.g. from IPCC (2008tern (2007)r traditional energy

economic models used for energy policy modelling (Sorrell, Cdl0).

European Commission DG ENV
Addressing the Rebound Effect
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The magnitude of rebound effects are debated and based on a relatively small number of empirical
studies with modelling and data limitations. However, the following can be concluded:

T

In general, evidence does not suppoeither the viewsthat rebound effects are too small to be
insignificant Lovins, 1998 & 2005; Schipper, 2000) clains thatit is greater than 100% which
remain insufficient to demonstrate validity (Sorrell, 2018)rebound effect greater than 100% is
Ot t SRANB&DIBDATFAL 62dA R yS3IILGES O2YLX SGSte GKS

There is clear evidence for direct rebound effdotshousehold energy efficiency for space heating/
cooling, personal transport, white goods and lighting which are estimatabe range 1030% for
developed countries (Greening et al, 20@xhipper and Grubb, 2000; UKERC, 2007; Sorrell, 2007;
Small and van Dender, 200%) these cases, efficiency improvements and associated cost reductions
result in increased consumption lmpnsumers.This may decline in future atemandreducesand
income increasesThis is because energy accounts for a greater amount of expenditure in lower
incomes. For this reason, these direct rebound effeny be larger for low income grougsd
households in developing countries (Sorrell, 2007).

Evidence was also found for direct rebound effects oBB8% for fuel efficiency in commercial road
transport (Gately 1990, Graham & Glaister 2002, Anson & Turner 20083 is because fuel
efficiency lowers the cosif freight transport, making cost efficient transportation possible for more
goods, over longer distances and more frequently.

Negative rebound effects 6fl0 to-100% for proposed interventions to redudeet environmental
impacts of meat and dairy consumption in the EU were identified in B Environmental
Improvement of ProductdNIPRQ (Meat and Dairy3tudy because they increase the production and
consumption costs Weidema et al, 2008)This negative rebound effect means that the net
environmental benefitvould be greater than plannedt illustrates the role increased cost can play
in mitigating rebound effects.

Forindustry sectors, estimates for rebound effects for energy efficiency in the UK1&fé (4CMR,
2006). A recent USA study investigatingir@fustry sectorsshows long term direct rebound effects

of 20-60%with energy intensive sectors e.g. utilities, chemicals and agriculture having the highest
effects (Saunders, 2010Yhe reason energyntensive sectors show higher rebound effects is
because energy costs are a significant factor in their production costs. This makes them more energy
constrained than for example the services secithen efficiencies reduce energy costs in energy
intensivesectors much of the savings can be used to increase production which in turn uses more
energy. For example, if an energy intensive sector e.g. a foundry installs a more energy efficient
furnace much of the cost savings from this can be used to produce metal.

European Commission DG E 7
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1 In particular, indirect and economy wide rebound effects are difficult to define, measure and
counteract. Estimates ofndirect and economy wide rebounagere only found for energy efficiency
improvements, and are limited due to few published studies with weaknesses in the measurement
approach (Sorrell, 2007; Allan et al, 2006; Barker, 2005). Based on theseptimmy wide rebound
effectsfor energy efftiency improvements are estimated to be smaller than direct rebound effects
at approximately 1% although some cases show > 3QBarker, 2005; Sorrell, 2007)n®casefor
energy efficiencymprovements of 5 % in the production sectors dhe Scottisheconomy shows
backfire over the long termin most sectorgHanley et al, 2009Turner, 2010)The Scottish case
shows backfire only tends to occur where there is increased energy efficiency in a highly energy
intensive supply sector, particularly where traded competitiveness are importasince these are
influencing factors that increase economy wide rebound efféEtsner et al, 2010).

1 As the factors that influence the rebound effect are varied, the evidence is clearghataisinghe
available drect rebound effect estimates to all types of rebound effect from all types of energy
efficiency improvementis not appropriate. Further, while the evidence is clear that the energy
efficiency rebound effect mechanism logically applies to other non energy resources e.g. water,
there is little evidence for thes€UKERC, 2007; Sorrell, 2007; Sorrell, 2010). Essnfar the
magnitude of therebound effects for SCP policidseyond energyis a gap at present and further
research will be needed to determine this. This reflects the status of research on the topic, as most
available rebound effect evidence is energyaidicy related.

1.2.3 IMPLICATIONS FOR POLICY

The existence of the rebound effect is recognised in evidence from credible sources including United
Nations Environment Programme (UNEP, 2002), International Energy Agency (IEA, 2005), UK Dept of
Environment Food and Rural AffairdCMR, 2006), European Environment AgdiiidyA, 2009)JK Dept

for Energy and Climate Change (DECC, Z&i@d)most recently the EEA State of the Environment and
Outlook Report (EEA, 2010). The rebound effect can limit the envinstainanprovements possible
through SCP and sustainable products policies and technologies and, in particular, thedgaalugiing
resource consumption from economic growite. maintaining economic productivity without depleting
limited resources e.gnergy, water and landJUNEP, 2005; Sorrell et al, 201®)the context of energy

and climate change policieprojections from the IPPC that by 2030, energy efficiency gains will reduce
global energy consumption by 30% below where they would otherwisedd not incorporate the
rebound effect. Many rebound effect publications cite this as a serious oversight in light of the evidence
for rebound effects for energy efficiency. Because of this, they propose that meeting GHG emissions
targets by relying sigficantly on energy efficiency gains are likely to fall short (Herring, 2008; Sorrell,
2010; Turner, 2010; Saunders, 2010; Jenkins, 2010).

The evidence is clear that the existence of the rebound effect does not mean efficiency based
policies and technologge are not valuable instruments for environmental improvement. It
means that understanding the magnitude of the take back in anticipated environmental savings
from the rebound effect is important when developing interventionst also clarifies that where

European Commission DG ENV
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rebound effects are significant, efficiency policies need to be more ambitious, and that policies alone
will not be sufficient (Sorrell, 2007). Other measures will be required, in particular sustainable
consumption focused interventiondEEA 2010).The WK was the only examplelentified where the

direct rebound effect is recognised by the UK government and accounted for in relevant energy saving
policies. Following a UK Parliamentary enquiry, Defra commissioned the milestone Astudy
Assessment of thEvidence for Economy Wide Energy Savings from Improved Energy Eftioerely

et al, 2007). Based on this tl¥EC®aluation of energy use and greenhouse gas emissions for appraisal
and evaluationprovides guidance and a spreadsheet tool to facilit@ieng the direct rebound effect

into account in energy policy development (DECC, 2010). For domestic insulation measures specifically,
the anticipated energy savings is downgraded by 15% to reflect the direct rebound effect called
GO02YTFT2NI G by ikcyedsed eferggzos@®nption due to householders using higher internal
temperatures as its more affordable.

1.2.4 APPROACHES FOR MEASURING REBOUND EFFECTS

To accurately measure the rebound effect it is necessary to define and distinguish it from other
micro/macro economic factors. There is a good evidence base for this and the relationships with key
factors have been explored e.g. price (price elastigitiseome (income elasticitiegubstitution (cross
price/substitution elasticity) andaturation effects (seel.4 and 4.5. Overall, he economic factors
underpinning energy efficiency price induced rebound effects are that efficiency improvementsimesult
an effective cut in energy prices, which produces output, substitution, competitiveness and income
effects that stimulate energy demands (Hanley et al, 2008 relationship between these effects can

be complex which adds to the challenge in measutime rebound effect. Isolating the rebound effects
from other factors that cause increased consumption is a key issue that needs resolution in the definition
and measurement techniques for estimating the magnitude of rebound effe€tarent measurement
approaches include income/price elasticity studies (for direct rebound effects), econometric modelling,
general equilibrium modelling and expenditure surveysaditional economic models for measuring
environmental policy savings do not cater for the rebhdueffect. Overall, this is a key problem for
enabling the scale of the rebound effect to be clarified in policy interventions at present and has
contributed to scepticism on the significance of the effdébr energy efficiency, key issue is the
contribdzi A2y GKFG SySNH& STFAOASYO& AYLINROGSYSyda 62N
make tooverallproductivity and economic growth. Thisagomplex issue, but the traditional economic
view that energy plays a relatively unimportant rafesiconomic growth may be incorrect.

European Commission DG E
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1.3. CASEEXAMPLES

To clarify rebound effects further, ovewénty practicalcase examplewere investigatedo illustrate-

9 The existence/significance of the rebound effect or not (direct, indirect and/or economy \aittk)
its measurement in products/services/SCP interventions
1 Measures proposed to account for/counteract it

In general, the cases illustrate the rebound effect associated with interventions relevant to energy
efficiency, with a smaller number focusing wmter, materials and waste. This is a reflection of the
status of the rebound effect topic which has been mostly measured for energy efficiency as distinct from
wider resource related impacts. The cases are detailed in sedi@end 6.0 and summarised in 1.3.1

and 1.4 below.

1.3.1 CASE EXAMPLES THAT ILLUSTRATE THE SIGNIFICANCE OR NOT OF THE REBOUND EFFECT

The most well investigated examples are for the direct rebound effect associated with energy efficiency
interventions for energy servise transport (private and commercial), househdbigating/cooling,
appliances lighting and industry sectors. There are some limited examples for. [EXamples were
identified to illustrate thedifferent types of rebound (direct, indirect, economy wide)darelated causal
factors e.g. time, space and technologyror wider resourcg, potentialdirect and indirect rebound
examples for water saving measures (low flow and grey water technologies) in houseteres
identified, however these are not officiallyefined as rebound and could also be seenuamtended
consequences. Foeconomy wide rebound effect for energy efficiency interventiottsis has been
guantified in the UK. Few evidence based examples of indirect rebound effect were availdidee
include estimates of indirect rebound effects for energy efficiency programmes in Gertdaiwersity of
Brusselsand ADEME in France respectivelgve projecs underway to quantifydirect and indirect
rebound effectsassociated witthouseholdenergy efficiencyOverall, examples are from the USA, EU
Australia and, for lighting only, India and Chinable 1.1liststhesecase examples. For each case the
product/service/interventionrebound effect being illustrated, SCP policy relevant, key evidence sources
plus a short summary are provided.

10 European Commission DG ENV
Addressing the Rebound Effect



¢Global View VY] A
R in association with b| Ofiaigenee o m

Table 1.1Case Examples illustrating the Rebound Effect for differpriducts/services/interventions & for direct /indirect /economy wide

PRODUCT/ SERVICE/INTERVENTIﬁ REBOUND EFFECT ILLUSTRATED SCP POLICY EVIDENCE
1. Energy efficiency in carg Direct rebound effect Energy use, Climat| IEA, 2005 Sorrell et al, 2007 (UKERC)
heating/cooling and other Change, Cars, Ener( Haas et al, 200pSorrell et al, 2009
consumer energy services (OECI Related Products (ERP)| Martin & Watson, EST 2006
Summary:Based on an assessment of evidence for energy savings from improved energy efficiency associated with household cacsphiegtanrgd other consume
ASNDAOSa FTNRY aidzRASA Ay | NIy3aS 2F h9/ 5 QRedryeboNdd Sffect iarde iaRStmatadaBl0MIEEA, 2005 Rorré

et al, 2007). Further, a range of empirical studies have also been conducted to estimate the direct rebound effect frgnefficéggcy interventions relevant to theg
products andservices in several EU countries. These show rebound effects for consumption associated with energy efficieBogafoPAustrian space heating (Haag
al, 2000) and 15% for personal transport, household heating, and other household services i(8wrdiKet al, 2009).

2. Energy efficiency in househol| Direct rebound effect in the USA. Energy use, Climat| Utopities/lUNEP, 2000Greening et al, 2000
(cars, heating/cooling & lighting) Change, Cars, ERP Dimitropoulos &Sorrell, 2006
and producing sectors (USA) Saunders et al, 2010

Summary:This illustrates direct rebound effects of-B0% for energy efficiency of household cars, heating/cooling and lighting based on 1990s data (Greening et
Utopities/lUNEP, 2000). This shows that theatéois in estimates minimum to maximum were most significant for heating/cooling and for cars. For the production
USA study measuring rebound effects associated with energy efficiency improvementinoiu80y sectorsof the US economy during 1868995 shows direct reboun
over the long term of 280% with energy intensive sectors e.g. utilities, agriculture and chemical being the highest (Saunder§,i20a@in reason for this ®ver time,
energy efficiency provies cost reductions, enablingiore production to take place which consequently uses more energy. The energy intensive sectors have the¢
rebound effects becausenergy costs are a significant factor of production, which is also easily substituted for other factors of prodnabéngeproductivity to increast
overall.

3. Energy efficiency policies an( Direct, Indirect and Economy wide rebound effecty Energy use, Climatj 4CMR, 2006 Sorrell et al, 2009

programmes for industry, Change, Transport Martin & Watson, EST 2006
households, transport ¢ UK, Henderson, Staniaszek et al, 2003
Germany & Belgium and France Irrek, 2010; Newak, 2010; ADEME, 2010
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Summary:This illustrates the rebound effects measured for energy efficiency policies and programmes based on projects in thedoiamda®d forthcoming projects i
Belgium and France. For the UK, the total rebound effects associated with energy efficiemoys patid programmefor the period 2002010 covering industry,
households, transport and commerce was estimated as 26%. Of this 15% is direct and 11 % econod@MRIZQ06; Sorrell et al, 2008 the German case, indire
rebound effects associateditli 12 proposed energy efficiency programmes for energy savings were estimated at 5% (Irrek, 2010). University of Bedgauprdjast
underway (2012012) to measure direct and indirect rebound effects associated with energy efficienowdtingis andmobility with improvement options (Newak, 201(Q
ADEME are running a project during 202012 with gas supplier GrFD to measure rebound effects from household energy efficiency policies in France (ADEME, 2(

4. Household Appliancesg EU (caseq Direct rebound effect Energy use, Climate EEA, 201QJRC/IE, 200@wen, 2006 & 2007;
in Denmark & UK) Change, ERP Rikke, 2010; DECCAct on,CZD10

Summary:For the ELR7,the energy efficiency of most types of household appliances (e.g. washing machines, dishwashers, fridges, ovens, and aleatrét|lgbtting pel
unit has improved significantly over the p&Q years driven by a mixture of policy interventions and tedbgy breakthroughs. However, increases in ownership, mult
purchasing and the extended use of appliances have greatly overtaken the efficiency increases. As a result, overyl eéestniciption per household for lighting arn
appliances has increed illustrating adirect rebound effec{EEA, 2010Partof this increase is due to increasing humbers of households and disposable irinoreased
ownership of multiple applianceger household, rising demand (especially for AC from Mediterranean desgpias well as usage changes (e.g. ICT having high ra
standby energy consumption) (EEA, 2010; JRC/IE, 2009). The rebound effect contishdiienio efficiency related cost savings making appliances and lighting cheap
hence consumption hascreased. In particular, multippplianceownership is a key feature of this. For example, instead of buying a new fridge to replace an old ing
one, a new one that is twice the size of the old one is bought (as it is cheaper and costs no mojeattd the old one is kept for use to enable additional cold stardgés
are another example where the number of the same appliance has increased in the dvanéhe last 20 yeardn the UKthere iscurrently an average of 2.5 T\{ser
household (DECAct of CQ 2010) This case example describes this based on evidence for the EU (EEA, 2010; JRC/IE, 2009). Further, specific cases&dnd Dk
provide similar evidenceQwen, 2006 &2007; DECCAct on,2010).

5. Lighting ¢ Developed and| Direct rebound effect andebound through reversiol Energy use, Climate Tsao et al, 2010; Tsao and Waide,2010
DevelopingWorlds from perverse outcomes due to technology shifts | Change, ERP IEA, 2005; Nordhaus, 199Zallwell, C, 2010

EEA, 2010;

UK EEPH Lightigirategy Group, 2010

Ouyang, 2010 (China); Roy, 2000 (India)
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Summary: This case illustrates evidence showing an estimated direct rebound effeet 2#5for lighting in developed countries for private househ@lE#,2005) and thal
it is expected to be greater in developing countries with evidence of this for India and China. It incorporates evidesing fotsoliestate lighting (SSL) and analysing 1
interplay between lighting, human productivity and enempnsumption extrapolating past behaviour of light consumption into the future (Tsao et al. 2010).

6. Road freight transportation| Direct and economyvide rebound effect in thg Transport, Climate Gately, 1990; Graham & Glaister 2002,
sector ¢ relevant for EU and non| commercial freight sector frorfuel efficiency. Change, Energy Anson & Turner, 2009,
EU countries. Efficiency Ruzzenenti & Basosi, 2008

Summary: Environmental policy and technology improvements in vehicle engines and fuels have improveffidiency per vehicle (EEA, 2010). Through lower fuel use
tonne-kilometre driven, the costs for transport of goods per unit has decreased and longer distances plus more frequent jowsrmeohee cosefficient. Despite the
drop in specific fuelansumption of trucks, energy consumption in freight transport has increased significantly. For example in the EWildoretees of goods hauled b
road increased 130% between 1970 and 1995 (Ruzzenenti & Basosi, 2008). Lower costs enable outdoritcamgport of goods to varying locations for different steps
the manufacturing process. Studies which analysed the rebound effect from energy efficiency improvements for commeng@tatamsshow rebound effect estimate
to be between 30- 80 % (Gtely 1988, Graham & Glaister 2002, Anson & Turner 2009). Further, the case shows that outsourcing is the main reafim density
growth, so not only longer distances are driven but also the frequency of transportation between locations haseitigiiRazzenenti & Basosi, 2008). This is a
development in the wider commercial freight economic system of production and relevant to economy wide rebound effects.

7. Fuel Efficiency and longer miles | Direct Rebound Transport, Energy Sorrell, 2007 (UKERC);
for private transport Victoria Transport Institute (2010)

Summary:This case shows that when fuel efficiency increases for private cars and is accompanied with a reduction in cost @f figeidetid to more miles being drive
in private cars and ultimately greater full usage. Studies have estimated the rebountifeffttis to be between 1€80% based on studies in OECD countries (Sorrell, 2
This reflects the elasticity of vehicle travel with respect to fuel price (transportation elasticities). According tatdhia iansport Institute a 10% increase in Ifefficiency
could actually provide a-8% net reduction in fuel consumption and 8% increase in vehicle mileage (Victoria Transport Institute, 2010).

8. French Ecdlastille scheme coulq Direct rebound measurement and accuracy Transport SEEID, 2009
fSIR (2 WwWol O1 FA

Summary:The French EeBastillescheme provided financial assistance to purchasers of efficient vehicles. Depending on the value chosen for the prityeofltstic
demand for travel Kilometres travelled), the resulting rebounckffect was seen to vary considerably, changing if the overall outcome of the scheme is positive or né
While the environmental benefit of the scheme was always positive, when different values for the price elasticity aré@isedjdl and economizenefit did not always
exceed the costs of the scheme. This case highlights the challenges in accurately quantifying the rebound effect andatlesrtbedvel of uncertainty which is inhere
to policy making.
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9. Increased mobile data traffig Direct rebound related to time Consumer products| Faist Emmenegger ,2004
outweighsefficiency gains energy use, GH( Girod et al, 2010
emissions

Summary:The UMTS (3G) mobile data transfer technology, used in millions of mobile devices in the EU, is able to achi&@® tmissions for a given quantity of da
transferred when compared to the older GSM (2G) technology. This is because the data transfer rates of UMTS are so mihah thste of GSM that the transceivers
the device and the base station are activafeda shorter amount of time. This increased efficiency is counteracted, however, by the increased data consumption &g
of UMTS. As the data transfer rates of UMTS are three times that of GSM, and assuming a constant usage time per useur{ikbighds explained below), a study h
calculated that the UMTS system will result in an increase in energy use by a factor of 2.4. Given that the UMTS sy#tenoie &fficient than GSM per unit of da
transferred, this increase in the transfer ratan be understood as a rebound of a factor of 8 (8 = 2.4/0.3). This effect is descriBamthet al., 2010 & | Wi A Y
Furthermore, given the faster data transfer speeds, new applications such as streaming video, become possible, leadingitast increase in the time spent using t
device and therefore the total quantity of data transferred relative to typical levels of usage under the GSM technoltidhytoanto an even stronger rebound.

10. Paperless office has greater papq Direct rebound related to time and price Timber, energy use, GH| Hilty/Ruddy, no yearSchneidewind2002
use emissions Dardozzi, 2008

Summary: ICT systems were expected to enable a "paperless office” and associated resource benefits over their predecessorsriegs tiipanozzi, 2008). Howeve
evidence shows ICT contributes to an increase of paper consumption because the technologyserahiecreased functionality, speed and greater capacity to print n
at a reduced price (Hilty/Rudy, no ye&chneidewind2002).
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1.4. RECOMMENDHBEASURES TADDRESREBOUNEFFECTS

Evidence based measurtes addressingeboundeffects irclude the following:

Recognising and accounting for rebound effects in theighandevaluation ofpolicy;

Use of an integrated mixture of instruments encompassing fiscal, behavioural and technology;
Sustainabldifestyles &ehaviourchange irconsumers;

Awareness raising & educatidar leveraging behaviour change business

= =4 =4 =4

Guideline recommendations for using these measures over the short to long term and for direct, indirect
and economy rebound effects respectively, are detailed.hand summarised below. Case examples

have also been used to illustrate how these measures may work in practice. However, few of the
evidence based measures have been tested in real life, so examples from outside the SCP arena have
also been used to demonstea their application e.g. from health care (anti smoking), traffic
decongestion and safe driving. A pilot to trial the most promising recommendations is proposed as a
valuable next step. This would also facilitate moving the rebound effect beyond debdésrtonstrating

action to address it where it occurs.

1.4.1 Designand Evaluation of Policy

The first step for policy is to recognise and account rilsound effect take back ithe projected
environmental savings expected to be achieved through interveniiotiseir design and evaluatioithe

UK government is the only case example identified wheredihect rebound effect is now recognised

and factored into energy policy developmeguidance and toolyDECC, 2010).This provides a
precedent to build onAnticipating and assessinmgboundeffects where the evidence is clear that they
occur in the design, evaluation and performance monitoring of interventions, will avoid falling short of
efficiency targets and enable measures to address it to be incorpordtssessment criteria can be
incorporated in tools e.g. Regulatory Impact AssessnRi) This can be doni the short termfor
specific policies where direct rebound effects are known to occur e.g. energy efficiency interventions for
energy servicegransport, householdeating/coolingheating, appliances and lighting. Further it can be
included as a cross cutting consideration in policies to enable indirect and economy wide rebound effects
to be anticipatedProposed assessment criteria for intervemtoto evaluate likely rebound effects and
effectiveness of mitigating measures that could be added to RIA indtagiefactors that influence
rebound effects e.gprice, income, substitatbility, technologytype, resource intensity of the production
sector, potential for perverse outcomes/burden shifting, time span of the intervention and whether it is
targeting consumers or producetdow these can be used agetailed in7.2.

At present, there is a debate on the significance of rebound effects in emvéotal policy. A toolbox to
support awareness raising /engagement of policy makers on rebound effect facts and how to include
them in policy design and evaluation is needed. This will aid in advancing beyond the current debate and
moving towards effectiveand measurable policy that addresses rebound effettee toolbox (ideally

web based) should be developed to include agreed rebound effect definitions; official recognition of
those rebound effects to incorporate in policies; models and data to supponte nsophisticated
measurement/evaluation of rebound effects and mitigating measures. The UK DECC which already
accounts for direct rebound effects where they occur using Weduation of energy useand GHG
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emissions for appraisal & evaluation Guidance & {BBCC, 2010), provides a Member State example to
build on. As a short term measuitdis research project clarifies the evidence based facts, with a view to
overcoming current misconceptions. With this in mindsA&Q on Rebound Effects included imPAnnex E

This can be part of the policy toolbox for generating awareness amongst policy makers in environment,
economics and other cross cutting policy departments on the facts. Further, a trial involving a selection
of Member States to assess rebound effeirt policy is recommended. This can build on the UK tool and
RIA assessment criteria recommendenim this project In the medium to long term, current R&D gaps
need to be filled gee 1.4.2) to developfurther the tools that will enable better evaluationf rebound

effects and the effectiveness of measures to constrain them.

1.4.2 R&D Gaps

There are R&D gaps on rebound effects and further developments are need@dgerall, these
developmentscan facilitate policy design by anticipating rebound effects more accurately at the
assessment stage and the effectiveness of counteracting meadurese include:

1 Data and modelling developments to provide a more sophisticated understanding of the factors

that influence and constrain rebound effects for energy efficiency.

1 Rebound can be better understood through improvements in econometric modelling;
incorporatirg consumption increases in Life Cycle Assessment {{u@GAYJh consequential LCA
and integration with econometric models

1 In the short to medium term use of Member State household expenditure and other household
panel and business surveys candmveloped further andused to measure/track consumption
and direct/indirect rebound effect contributions.

1 Beyond the currently usedomputable general equilibriunfCGE)models non-equilibrium
modelling technigues (e.g. Barker, 2009) are beginning to show promising advantages over more
traditional approaches but are largely new and need further development.

1 Rebound effects for SCP policies beyond energy e.g. for water and other resdigiemaes is
largely not investigated to date. The magnitude of these rebound effects, circumstances they
occur in and the influencing/constraining factors is required.

1.4.3 Mixed Instruments (Fiscal, Technology and Behaviour Change)

Where the rebound effecis significant, it is clear that efficiency measures alone will not be sufficient
and that other measures will also be required (Sorrell, 20BEA 2010). The evidence shows
implementing a consistent mixed instrument approach, incorporating technolapalfand behavioural
aspects, is suited to addressing direct rebound effects in particuldre case examples difhting,
transport rebound effects from traffic decongestion, hybrid cars and space heating are all examples
where evidence supports combiddiscal, behavioural and technology instruments being more effective
to counteract rebound effectsThis use of a mixture of instruments is an element of EU SCP policy
already, in particular to incorporate both demand and supply facing measitirés.noed that for
rebound effects for energy efficiency, implementation of any measures in the absence of energy price
increases was seen to be ineffective (Sorrell, 2010).
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For price induced rebound effects for energy efficiencyjtds driven by the falling cost of energy
services which drivéhe demand increase, measures that offset the fall will constrain it. Measures that

can dampen rebound effects in the short term include raising the price of fuels so that effective/implicit
price does not change (if politically feasible to raise the price of energy) or rationing the energy supply
i.e. Cap & Trade schemes for industry or SMART meters for consumers. The EU IMPRO meat and dairy
case example i%.0, illustrates that measures thatise the cost of production and consumption can
reduce overall consumptiorof these foodssuch that negative rebound effects occura net
environmental gainWithin the context of mixed instruments, the fiscal measures proposed are taxes,
consumption capand bonus malus schemes. These are detailed furthéran

It is cautioned thataxes are distortive and it is difficult to design an optimal tax to address something as
specific as the change in energy prices as a result of efficiency improvemgntae@ds consideration at
policy development stage such that the full economic benefits of improved efficiency are maintained.
Where fiscal measures are uniformly applied across sectors, they can be too indirect to be effective and
lead to unnecessary sts. For example, with a uniformly applied energy taxs sectors have different
price elasticities with respect to the price of energy, this tax would have different impacts across the
economy creating a burden for some sectors which exceeds any bgaeféd.Further, evidence shows
rebound effects vary depending on the energy intensity of the sector, so uniform approaches are less
likely to be equitable. For energy efficiea@tated direct rebound effects, it would more effective to
focus directly orthe energy use where the price change occurs. Mixed instruments combining targeted
sectoral fiscal incentives where the revenues raised can be used to bring technologies to market, with
awareness raising to leverage behaviour change in producers and cersueagarding their price and
income responses to efficiencies are recommended. A sectoral approach targeting the differing
influencingfactors and consumer/market responses driving the direct rebound effects and economy
wide respectively are required:his is already consistent with the EU SCP sectoral and product/service
specific policy approach.However, these will come at a higher administrative cost (compared to
economywide price incentives for example) and require a minimum knowledge of the sectors
considered, e.g. production technologies and/or household behaviours in order to fine tune the design of
the instruments.

In the bigger picture in the medium to long terfoy energy efficiency associated rebound effects energy
supply alternatives that re clean, cheap and abundant are a key technology solution. Therefore,
promotion of clean, renewable energy is a key mitigating measure in reducing the environmental
consequences of rebound effects.

1.4.4 Sustainable LifestylBehaviour Change

Common approaches to tackle direct rebound effectaclude provision of information on the
consumption of energy / resources V&ARTmetering (or real time displayspr SMARilling giving

the consumer the opportunity to think about their consumption and plolysreduce it. Measures to
tackle indirect or economwide rebound effects are scarce. In general, such measures go hand in hand
with promoting consistently sustainable lifestyles and accustoming consumers to assessing their
activities with regard to theienvironmental impact. Such measures would need to be extensive and aim
at a more profound change in the awareness and the priorities of consumers.
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Inclusion of behavioural factors that influence consumption and role models (business, government,
educdion) in consumer focuse&ustainable Lifestylanstruments is a mitigating measure fdirect
rebound effecs. For indirect rebound effects (where consumers use income from efficiencies to
consume more products with a high environmental burden) the ingome of effective awareness
raising for consumers ley. A Swiss study where no indirect rebound effects were found for hybrid cars
identified a potential linkbetween increasing consumer knowledge on the environmental impacts of
their car thatcan trandate across to other consumptioexpenditure choices e.g. foodrurther a UK
example shows the importance of encouraging householders to shift consumption patterns to lower
GHG intensivexpenditureand to invest in low carbon investments vs. consuming.

Beyond measures to address rebound effedpecifically, wider measures to reduce/change to
sustainable consumption patterns in the long term are k€pnsumer focused measures to tackle
rebound effects should clarify that raising energy or resource efigi@lone is not enough but absolute
reduction of energy and resources is requirddch rebound effect evidence cites the role of wider
initiatives to reduce growth and consumption and overcoming the conflict that traditional economic
models have where GBDgrowth is the main success factor. Recent recognition of this in France and the
UK with the consideration of introducing social and environmental well being indicators and making GDP
a measure of market activity only are relevant developments in thisd@éor the rebound effect (ONS,
2010, Stiglitz,2009, NEF, 201@n the sustainable consumption and growth agemdae need to ask
what is the goal of our society? At present the economic priority is for maximum growth in consumption
and production whichsin conflictwith a planet with limited resources.

1.4.5Awareness Raising and Capacity BuildindBusiness

Inclusion of how to avoid inadvertently causing indirect rebound in awareness raising and capacity
building tools e.geU Green Claims Gaifbr businesss recommendedSeveral business examples (e.qg.
Tesco) were identified that show well intentiondalt misguided advertising using air miles to motivate
other pro- environmental choices, e.g. replacing inefficient lighting with low energy tigls.

Table 1.2outlines the case exampldbat illustrate the measures identifietbr addressing rebound
effects within the SCP arend-or each case the product/service/intervention, rebound effect being
illustrated, SCP policy relevant, measure doiriteract and key evidence sources plus a short summary
are provided.
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Tablel.2Case Examples illustratirccounting for/counteractinghe Rebound Effect for different products/services/interventions

PRODUCT /  SERVICE REBOUND EFFECT ILLUSTRA| SCP POLICY MEASURE TO COUNTER; EVIDENCE

INTERVENTION

1. UK government acceptanc| Direct and economy wide reboun| Energy Use UK govt includes a 159 UK CERT programme
and incorporation of direct| effect and shows varying influend GHG emissions reduction in energy savingy Henderson, Staniaszek et al, 20(
rebound effect in energy] and magnitude of effect. from insulation measures in Martin & Watson, EST, 2006;
policies relating to home the home to account for| Sanders and Phillipson,2006
insulation rebound effect

Summary: Based on a review of thirteen studies (Sanders and Philipson, 2006), the differences between the measured and theomgjcabeings in UK domest
insulation measures determined that an overall reduction factor of approximately 50% of the theoretical expected energyosewis in practice. Of this, 15% of t
NERdzOGAZ2Y Kl & 0SSy ARSYGATASR cthepeehtaé of tN&oiedafl rédudioh thét Ednbeliderikified as Oy Faasbidlby ithprdved yh
internal temperatures (through behavioural changes) direct rebound effect. The remainder of the reduction is expected to be due to other factors not explained
comfort factor. In 2008 for the launch of the UK Carbon Emissions Reduction programme (CERT), the government and OleG&EMdthdam consultation with other ke
government agency stakeholders such as the Energy Saving Trust (EST) and Buildings [Rstabishment (BRE), took the decision to reduce the theoretically mod
Al gAy3a F2N Lttt AYRAGARAZ f AyadzZ | GA2Yy YSIadaNBa o0& wmp::exidtdvertie Oerryfitg ydazs NMarting
Wilson, 2006, Henderson, Staniaszek, et al, 2003). In addition, the EST, also in recognition of the rebound effect of comfdmatallegyeased the energy savings |
insulating measure, and hence the cost saving advice per measure it gives to consumerwith lofficial government policy in this area. Overall, in the UK the effica
existing carbon reducing policies for insulation measures in the domestic sector, have been downgraded by 15% to riflsdtthe f A FS aA ddzr GA2Yy

2. UKHomesc Wg I i SNJ| Increased water use throug| Water use, Energy Preventing unintended| UK Code for Sustainable Homes, 20
improvements in attaining| reversion from low flow water use, Climate Change consequences or rebound | Greener building magazine, 2008
higher grades within the UK products to higher flow alternatives through reversion in water
Code for Sustainable Homeg Also increased energy/carbo saving policies

emissions through imphaentation
of water saving technologies.

Summary¢ KA& SEFYLI S aK2¢6a K2g 6Stf AYGSYRSR 461 SN & Ay 3 LI feindalativhdf tdo daNBnirates
products/appliances. The unexpected consequence of this is the disillusionment of occupi¢he dendency to replace the loflow products with much higher flowate
models, hence resulting in a much higher water and energy use overall. This is an unintended consequence which canree eorefidend effect (rebound by reversio
in that a pdicy that pertains to reduce water and energy use, inadvertently may result in higher water/energy use.
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PRODUCT /  SERVICE REBOUND EFFECT ILLUSTRA| SCP POLICY MEASURE TO COUNTER; EVIDENCE

INTERVENTION

3. Lighting - developed and| Direct Rebound effect Energy use, Climat{ Role of mixed instruments Tsao et al, 201EEA, 2010;
developing countries Change, ERP including policy, technology Tsao and Waide,2010; IEA, 20(

1 traditional lighting and behaviour change td Nordhaus, 1997Callwell, 2010
(incandescent and counteract rebound. UK EEPH Lighting Strategy Gro
fluorescent) 2010;

I Emerging soligtate lighting Ouyang, 2010 (China); Roy, 2000
(SSL) e.g. LEMY,ED

Summary: The earlier lighting case example illustrates the estimated direct rebound effectla®bin developed countries for private househol#sA,2005). This cag
builds onthis and highlights evidence for using a mixture of instruments including policy, energy pricing, technology shiftsa(elgsaent bulbs to Compact Fluoresce
Lamps (CFL) to LED expected to be mainstream by 2030), behaviour change, light conswiaratethnology to counteract rebound.

4. Toyota Priu;Switzerland & | No rebound effect Energy use, Climat{ Role of mixed instruments Haan et al, 2006
behaviour change Change, Transport | including subsidies, Girod and Haan, 2009
technology and awareness | Peters et al, 2008,
ETH, 2006
Role of Household Girod and Haan, 2010.

Expenditure Surveys in
measuring and monitoring
rebound

Summary: This S/iss case example investigated the potential rebound eféssbciated with household consumption of hyhbeats in Switzerland in light of governme|

subsidies for hybrids being made availahiel illustrates two key features:

1 Buying this more environmentally efficient and cheaper to run car did not result in increased expenditure on more careplatenat of already eceefficient cars
with the Prius (direct rebound effect) or other good/services with increased environmental impact (indirect rebound leffesfiowed expenditure on othe
environmental goods with reduced impact e.g. Organic prodge® Ol f £t SR KAIKSNJ aljdzZl f Adeé¢ 3I22REA Ay |y Sy
study determined that this was due to the consumer deciding to buy the hybrid car for an environmental reason and a piotlentith increasing knowledge arar
and wider product environmental impacts that translate across to other products consumed. For counteracting the diredirad iebound effects it provide
evidence to support the role of subsidies being used in conjunction with awareness ramsibling pro environmental behaviour change in eco aware citizen
consume lower environmental impact products (Haan et al, 28@gers et al, 200&TH, 2006)

1 Swiss Household Expenditure Survey data was used and found to be an accurate measure for direct and indirect rebountlisftitts.is currently underutilised
the EU, even in Member States when Household Expenditure Surveys exist. It is a pei@miple of howmproving household data though Household Expendit
Surveys can facilitate a more accurate understanding of the direct and indirect rebound effect that could be used to alimynlgvelopment and performanc
monitoring (Girod et al, 208).
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PRODUCT /
INTERVENTION

5. Food (meat and dairy} EU | Direct Rebound effect Agriculture, Food Fiscal Instruments Weidama et al, 2008
Waste, Materials,
Land Use

Summary:The EU IMPRO Meat and Dairy study measures the effectiveness of different improvement options both with, and withouguheé effect. This shows thg
where fiscal instruments make the improvement more expensive, negative rebound effects can odbgr é@vironmental improvement intervention exceeds its target
improvements. This illustrates the value that, in theory, fiscal instruments can play in reducing direct rebound effedtsn@\éeal, 2008).

Victoria Transport Policy, 2010
Institution of  Engineering
Technology, 2010.

Counteracting rebound in

transport

Energy use, Climat
Change, Transport
Urban Planning

Rebound effects from policie
designed to reduce road congestiol

6. Road decongestion ang
increasedtraffic/emissions¢
(especially private transport)

ang

Summary:Evidence shows a rebound effect is associated with traffic decongestion measures. Increasing urban roadway capacity el@dertraffic jams can generat
additional peakperiod trips that would otherwise not occur (Victoria Transport Institutel @0 This consists of a combinationddferted vehicle tripgtrips shifted in time,
route and destination), anthduced vehicle travgkhifts from other modes, longer trips and new vehicle trips). Traffic planning strategies and models that fadiderc
extra generated traffic can overvalue roadway capacity expansion benefits by 50% or more. Measures to be adopted to tthisterbound include: (1) Strategies th
increase the price of driving, such as Parking Pricing and DisBassxl Charge$2) Strategies that make alternative modes more competitive, especially public tran
(3)Transit Improvements and Commuter Financial Incentives (Victoria Tranport Institute, 2010).

7. Misleading green| Green advertising potentially causir| Energy Use, Climat| Provision of information and | Guardian, 2009
advertising/messaging an indirect rebound effect througl Change, business capacity building oy Tesco,2010
causing Indirect Reboung perverse behavioural effects Consumption, Ain how to avoid inadvertently| OPA, 2010
Effects travel/Tourism causing indirect rebound

effects.

Summary:These are a selection of examples of misguided, albeit well intentioned, green advertising/messaging that have the fmtmrifakse consumers and cau
indirect rebound effects with significantly higher GHG emissions than that of the energy saWdgsifK S 2 NA IA Yyl f 3INBSY YSI adz2NB L]
Ct A X Wniadlvert motivating purchase of energy efficient light bulbs with the reward of Air Miles, potentially causing an irticecid effect of increased flyingan

activity with significantly higher GHG emissions that the energy saving from swapping a light bulb for the more energy effietgniTarsecond is the Cana@eatario
t 26SNJ ! dzi K2NRG&Qa Warkdvérising canthaigh Sodeveragehbiisehdlbdghaviour change for energy efficient appliances motivated by rewardi
pledge with Air Miles. To counteract the potential for indirect rebound effects from misleading green advertising, imorfoatbusiness on what to avoid could

provided in EUnstruments e.g. EU/Member State Green Claims guidance.

European Commission DG ENV
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8. Quantitative analysis of| Micro-econometric analysiy Food, Energy| Compensation of rebound Kratena, 2010
3,500 Austrian householdy calculates rebound based on pri¢ Consumer goods effects through energy taxes
shows rebound effect in| elasticity.
food, clothing & energy

Summary: A micreeconometric analysis of 3,500 Austrian households has calculated the price elasticity for food (11%), clothing (16G%)digasbliuel (46%), heatin

(26%) and electricity (12%). Additionally, the substitutionality or complementarity of fferefit commodities are also calculated. This data suggests that this price ela

is proof of the rebound effect in these cases. It also propesesgy taxes as a way to counteract rebound

9. Change of space heatin| & { O NHzO( dzNS-F T EMIBEGEZ Energy Use, Climat| Counteracting rebound effect Biermayer, Schriefl, et al., 2005;

mode (structural changes] moving to a more efficien| Change in space heating Biermayer, Schriefét al., 2005;
e.g. going from coal stovq centralised heating technology me Dimitropoulos, 2009;

which can heat only one allow the user to consume mor, Automatic control of | Cayla/Allibe, 2010

room to central heating energy overall . temperature  of  heating,

adaptation to rooms needed
to be heated, reduced
ventilation

Summary:¢ KAa OF &S RSaONROGSA (KS aAildza GAzy 6KSNBE OKFy3IAy3I FNRem allowshh&aing yflialidodms

the same time, at the same temperature, causing a rebound effect driven by comfort takiegibeh@iermayr, Schriefl, et al., 2009)his case of switching from old ce:
stove-based heating technology to central heating is still relevant for some regions of the old EU Member States (MS) anghortarg fior the new MS where cog
stoves are still common and refurbishment programnage underway It has also been shown that behaviour affects residential energy use to the same extent ag
efficient equipment and appliances are utilised (Cayla/Allibe, 2010). In terms of space heating specifically, therntarsrhalze shown thathe energy consumption of

dwelling may differ by a factor of 3 depending only on temperature and ventilation rate management (with the same teabmieat)  Cayla/Allibe, 2010). As
consequence, remedies to this rebound effect would be automatiaitg down of the temperature at times (especially at night) and the adaptation of temperg
according to whether the rooms need to be heated or not, the reduction of ventilation to the necessary frequency and aiheresesuch as smart meters and traaent
energy billing.

10. Including rebound in LCA Using LCA to measure reboul SCP, Sustainabl Incorporating rebound effects Girod et al, 2009

effects in products Products in LCA Dandes, 2010

Summary: Regarding the measurement of rebound and facilitating this in SCP policy for sustainable products and services, thiskxamphatchanging traditional
[ATSOe0tS 11aasSaayYSyid o[/'!'0 (2 AyO2NILRNI GS NSHPRIHR BFEISYOR al H0& dfY LIISA 21 yEK AASY
[/} allryRFNR&a 6AGK | aO0O2yadzyYLJiAz2y | & dzadzl £ | aadzyLJiGr@letal, 2009 2Farthef Ihtedrating BGA N
economic models can give greater understanding of rebound effects across product / service lifecycles (Dandes, 2010). Overall, these measuseslitaialgholicy
design by anticipating rebound effects more accurately at the assessment stage.
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2. INTRODUCTION

2.1 AIMS, OBJECTIVES ADEL IVERABLES

Theexistence andaignificance of the rebound effeat realityand how to address it is still debated. This
project aims to determineghe current thinking on the rebound effect its impact on EU Sustainable
Consumption and Production (SCP), waste and resource policiesff@ative measures to address it

that policy makers can usas needed The approach used has been to conduct an independent
assessment based on existing evidence and expert stakeholder views. A key aspect has been to identify
and use evidence based SCRvant case examples to illustrate the rebound effect and measures for
addressing it where they are available.

The objective of projectwere:

1. Determine and analyse the current stadéthe-art knowledge and practice on rebound effect
occurring in the EUWrom EU policies on resource efficiency, waste prevention and SCP (direct,
indirect and economy wide) as well as wider international experiences.

2. Analyse measures to prevent, reduce or counteract the rebound effect and their effectiveness.

3. Develop guideties with clear recommendations for reducing/overcoming rebound in policy in order
to achieve the maximum environmental benefit through these policies, and how to measure their
success.

This final report documents the project findings and guidefemmmendations. This report includes:

State of the Art Reviewg Key Findings (4.0)
1 What is the Rebound Effect
Rebound Effect Definitions
Approaches for Measuring Rebound and Limitations
Differentiating the Rebound Effect from other factors causing iased Consumption
Key Research ongoing on Rebound Effects

= =4 4 A

Case Examples illustrating the Rebound Effect (5.0)
Measures to Account/Counteract Rebound effect with case examples (6.0)

Conclusions (7.0)
1 Summary of state of the art review
9 Guideline recommendans for addressing rebound effects

Stakeholder Views (Annek -C)¢ Questions and responses from expert stakeholders via interview and
email

Report fromStakeholder Meetingconducted on 28 February 20{Annex D)

FAQ on Rebound Effects overcomemisconceptiongAnnex F.

European Commission DG E 23
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2.2 BACKGROUND

Recognition of the rebound effect, and the resulting reduction in benefit from environmental
technologies and policies it can cause, is still debated and further clarity in needed for policy makers.
While the existenc®f the rebound effect is recognised as an obstacle to environmental improvements
in studies from credible sources including EEA, OECD, UNEP ‘aiits HEAl world significance, and how

best to address this, needs to be more clearly understood. For eramgdycarbon, wider resource
efficiency, waste prevention and other SCP policies and related technologies, the rebound effect could
limit the overall energy and resource savings possible. The rebound effect associated with energy
efficiency interventions ithe most well investigated to date. This shows that despite significant energy
efficiency improvements (per unit of product), the continual trend for increasing energy consumption
can counteract, and in theory even neutralise, efficiency gains. Outdidmergy efficiency, further
clarity is needed on the rebound effect associated with wider waste and resource policies and
interventions. For these reasons, this project was commissioned by DG Enviroimeatticular,
recommendations from the project hsuld inform the Resource Efficiency Roadmap 2020 the
Commission are developing.

2.3 PROJECT TEAM

The study has been conducted by the consortiGiobal View SustainabilityServicedGVSYH( project
lead) in association witBIOIntelligenceServicgBIOQ and Ecologidnstitute.

i . 91 Dr. Dorothy Maxwell (Project Director)
v(Global View 1 Dr. Paula Owen
s|Sustainability Services T Ms.Laure McAndrew
1 Mr. Shailendra Mudgal
AN " f Mr. Frank Cachia
b' Intelligence T Mr. Kurt Muehmel
Service
} 1 Mr. Alexander Neubauer
eCco 1 Ms. Jenny Troltzsch
logic

The project website is dtttp:// reboundeu-smr.eu

! EEA (2010), State of the Environment and Outlook Report; EEA (2010), Transport final energy consumption by mode-Agsessaint
published Oct 2010; EEA (20&0Yowards a resourcefficient transport system TERM 2009: indicators tiagkransport and environment in

the European Union; EEA (2009), Final energy consumyptiattook from IEA; Euonima (2009), Policy Instruments for Sustainable Materials
Management: Report for the OECD; Schipper, & Grubb (2000), On the rebound? Feetivaek lenergy intensities and energy uses in IEA
countries, Energy Policy, 28, 3888;UNEP (2010Assessing the Environmental Impacts of Consumption and Production: Priority Products and
Materials;UNEP, Utopities, Global Compact (2005), Talk the YAdadincing Sustainable Lifestyles through Marketing @ochmunications;

UNEP (2002), Sustainable Consumption A global Status Report.
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3. METHOD

The agreed approach for conducting the project was to provide facts and real world case examples from
EUSCP, resource, materials and waste policy areas that can facilitate a wider understanding of the role

of rebound, the relevance of addressing it in future EU policies and how this can be achieved. In light of

the debate on the relevance of the rebound effén reality, an independent evidence based approach

using credible literature and expert stakeholder views was used to clarify the facts in order to provide

dzy oAl ASRZ LN} OQGAOIT AYF2NXIFGA2Y F2NJ L2t AZDROCY!Il 1 SNI
April 2011).

3.1 TASKS

As illustrated ir-igure 3.1the project has been conducted in the following three tasks:
Task 1: State of the Art OverviewGathering evidence from fit for purpose literature and
stakeholdersources on the current kiwledge and practice relating to the rebound effect illustrated
by case examples relevant for SCP policy.
Task 2: Tackling Rebound Effecidentifying and Analysing measures that can counteract the
rebound effect using case examples where available fronaid wider sources.
Task 3: Key Guideline Recommendations for policy makers to use in considering and counteracting
the rebound effect where necessary based on the Task 1 and 2 results.

Stakeholder consultation encompassing expert input via telephoteeviews and email, as well as a
stakeholder meeting to discuss and inform the project outcomes has been a key feature of this project.

Figure 3.1 Task Structure

TASK1- 5tate of the Art Overvew
1.1 Data Collection and Analyss _-H'\
1.2 |dentify Case Examples of Rebound Effects
1.3 Collation of Key Material for Agreementwith Commission
TAS5K3 -Guideline Recommendations
f 3.1Development of recommendations
TASK 2 - Tackling Re bound Effect
3.2 Final Report
2.1 Identify Measures and Examples to Address Re bound
2.2 Interim Report & Meeting ___,../
[ Subtask 3.2 Stakeholder consuliation ]

European Commission DG E o5
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3.2 EVIDENCE SOURCES

The project askswere conducted using fit for purpose literatuasd stakeholder evidence sources. The
evidence reviewed included credible published literature on the rebound effect its@hat it is,
measurement, limitations, significance, key research etc. Wider related topics were also included that
can inform theunderstanding of the rebound effect in different products/services/SCP policies and
addressing it e.g. environmental economics, sustainable lifestyles/behaviour changsumption
trends, energy efficiency, resource use, waste, SCP/sustainable progiess, advertising/claims and

new business models e.g. Product Service Systems. The sourceseisgdd in8.0 References

Stakeholders

Over 100 key stakeholders identified from the literature as having expert knowledge relevant to the
rebound effect and who can contribute key input and insight into the project, were invited to participate
in interviews (faceo-face where feasible andlephone) as well as to attend the stakeholder meeting
planned for 28 February 2011 in Brussels. The stakehoiders chosen to provide a representative
approach across the rebound effect topic and related disciplines for understanding and counteracting
rebound effect- economics, behaviour change etc. Key categasiese represented at an international
level- policy, academia, practitioners, business and N@Osst of stakeholders contacted was provided

to the CommissionA onepage project summary ahshort questiomaire wasused for the stakeholder
telephone interviews as well as email responses requested in wider calls for Tpsiiis inAnnexA. To

cast the net even wider, stakeholders from relevant netwovksre invited by directing them to
complete a short questionnaire on the project website. Open calls for email responses to the
guestionnaire and notice of the stakeholder meetimgssent to following networks and newsletters:

T International Sustainable Resource Use Task Group via UNERasatc in particular this includes
international and all Member State representatives with a significant focus on the developing world
and recent EU Member States.

LCT Forum EU LCA Platform

UNEP/SETAC SCP.Net Newsletter

Resource Recovery Network, (500 contacts)

Sustainable Development Research Network

Forum for the Future Business Newsletter.

=A =4 =4 =4 =4

The stakeholder input was conducted from 12 Nand Dec 201044 expert stakeholder responses (via
interview / email)were received(15 responses was ¢hminimum target) A list of key respondents are

in Annex B. Generic (i.e. not personally attributed) responses to the stakeholder questions from the
telephone interviews and email responses areAinnex C The call to networks ran from Novend
January?011. Over 50 stakeholders attended the stakeholder meeting on 28 February 2011.

3.3 KEY PROJECT MILEH®N

The key project milestones and timeline is below.

26 European Commission DG ENV
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Y= ACTIVITY

20 Oct. 2010 Inception Meeting & Minutes

28 Oct. 2010 Website live

3 Dec. 2010 List of Evidence, stakeholders and case examples identified from evi
review submitted to the Commission and a telephone conference cg
discuss the information and progress held on 08 Dec 2010. Additio
page Progress Summary documerovided on 30/12/2010.

11 Jan 2011 Interim report completed

18 Jan. 2011 Interim meeting with the Commission

28 February 2011

Stakeholder Meeting, European Commission, Brussels

18 March 2011

Draft final report completed

April 2011

Final reportcompleted
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4. STATE OF THE ARTIEBV

4.1 WHAT IS THE REBOUBRRFECT?

S
S

The working definition and scope of the rebound effect used for this project is as fellows:

The Rebound Effect is an increase in consumption which may occur as an uninteneeffiesidef the
introduction of policy, market and/or technology interventions aimed at environmental effici
improvements. The increase is caused by behavioural and/or other systemic responses f
interventions, in particular where the efficiency gains bring reducests(Khazzoom, 1987; Muster
1995; Alexander 1997; Herring 1998; Saunders,1992 Moezzi,1998, J.S. Néafmr&chipper, 200(
Gorham 2009; UKERC 2007). In the case of efficiency measures that result in reduced costs, &
comfort or amenity can be obtained by increased consumption without incurring extra financial
clyz2ey |a I aaRNIPB 3IBaFeEdDBHemyNBiciency related rebound, the eff
occurs when improvements in efficiency stimulate the demand for energy in production a
consumption. The trigger is that the effective/implicit price of energy (the cost of ertergyoduce
one unit of output) falls when efficiency is increased and causes more energy to be consumed.

LY FTRRAGAZ2Y GKSNB Aa a2yYS fAYAGSR SOARSYyOS
which make pro environmental related behaviouchlanges e.g. recycled paper (where there is
necessarily a cost reduction) and compensate for this with increased consumption (Schneider
Girod, 2009).

While the rebound effect is generally associated with an increase in consumption duertcr@aske in
efficiency and the accompanying decrease in price, it can also occur due to changes in other vz
Rebound effects have been identified for time, space and technology reasons as follows:
1 Time rebound- where the improvement option is morer less time consuming than the stat:
quo, leading to changes in consumption.
1 Space rebound where the improvement option uses more or less space than the statu
leading to changes in consumption.
1 Technology rebound where the improvement option cheamghe availability/affordability o
certain resources or technologies, leading to changes in consumption.

Whichever the cause, where this occuttse rebound effect can reduce the environmental improvement
potential from the original interventions. Enefore recognising and counteracting rebound effects,
where they occur, is important to maximise environmental gains from policy, market and technology
interventions. For the purposes of this project, this broad definition of the rebound effect has Iseen u

to enable a wider understanding of the topic.

08 European Commission DG ENV
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In general, there are three main types of rebound effect recognised:

Direct ¢ where incraased efficiency of a productservice lowers the cost of consumption and, as a
result, more consumptionof this product/serviceoccurs. For example, the addition of insulation
measures in a home, which help to make the home more thermally efficient and cheaper to heat,
canresult in householders leaving the heating on for longer and/or at a higher tempetdtor cars,
rebound effects include gotential increase in trips made and distances travelled because of
improved fuel antbr vehicle efficiency.

Indirect ¢ where savingsaccrueddue to efficiency cost reductions in oqoductservice cause

increa®d demand anbbr expenditure for other goods and services that also require resources to
provide. For example, savingsde through the more efficiertieatingof the home being redirected

to extraoverseas holidays, and, as a result, the marginal envirghiné t Ay Sy airxde 27F |
overall lifestyle consumption goes up. Indirect rebound effects can take a number of forms e.g.
increases in output of specific sectors, shifts to more resource intensive goods and services,
increases in energy consumptiand more rapid economic growth (Sorrell, 2007)

Both direct and indirect rebound effects are at the microeconomic level and can be observed at
AYRAGARIzZ £~ O2YLIl ye FyR K2dzaSK2tR fS@Stoo ¢ KA
which are at he macroeconomic level.

9 Economy wide¢ This form of rebound is where more efficient productiamd use drives
productivity resulting in more growth and energy consumption at a macroeconomic level (Sorrell,
2007; Brannlunebt al, 2007; Jenkins, 2010).

The rebound effect is typically expressed as the percentage of potential savings taken back from the
maximum efficiency improvement that has been calculated from theory or models. For example a 20%
direct positive rebound effect means 20% of the efficiemaprovement expected is lost. Whereas a
15% negative rebound effect means 15% more efficiency improvement has been achieved than was
expected.

The drect reboundeffect for energy efficiency interventioris currently the most understood having

been iecognised as early as the 1800s for coal (Jevons, 1865) , in the 70s/80s (Ehrlich and Holdren, 1971,
Khazoom 1980) and in a range of more recent studies in the USA and Europe (GreeningG£i0al
Schipper, 2000; Haas et al, 2000; IEA, 2005; Martinéaigon, 2006 Sorrell and Dimitripoulos 200&

201Q Tsao et al, 201D The economy wide rebound effect is less understood than the direct, but some
country based studies havimvestigated this for energy efficiency interventions to include a study
commissioned by the UK government (4CMR, 2006; Sorrell et al, 2009; Turner et al, 2009 & 2010; Barker
et al, 2009). University of Brussels have a project underway for Belgium to measure direct and indirect
rebound effects for household dwelling and mobilitydgpolicyinstruments to address this running from
20102012 (Newak, 2010)ADEME has recently launched a project on the measurement of direct
rebound effect associated with households (ADEME, 20TBgre is less available evidence for indirect

and alsomental rebound effects. Key studies are for rebound effects associated with hybrids in
Switzerland (Girod et al, 2009) and green consumption behaviour changes measures tackling food waste,
space heating and car travel in the UK (Druckman et al, 2010).

European Commission DG E 29
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The current understanding of rebound effects associated with energy efficiency interventions shows that
despite significant energy efficiency improvements per unit of product from interventions, overall
continuing rises in energy consumption can counteraatl, in theory, even neutralise gains. This is
caused by growing consumption due to increasing demand, some of which is caused by rebound.
Understanding the contribution rebound makes to increased consumption vs. other factors in reality is
important. Generally, rebound effects are difficult to quantify and their significance in different
circumstances is debated. For example, some of the theories controversially claim that the rebound
effect can be responsible for up to 50% of increased consumptione whibthers, that rebound can
negate the environmental gains 100%F &2 OFff SR a0l O]l FANBE o0 WS@2
Brookes,1990 and 2000) In practice, the magnitude of the rebound effect is dependent on individual
circumstances e.g. sectors, tewiogies andincome and is linked with a range of factors impacting
consumption and economic growth. Understanding these factors and their role in direct, indirect and
economy wide rebound effect is key to understanding the significance of the rebourat affsociated

with different interventions. This is detailed 4 and4.5.

4.2 REBOUND EFFECT DHFINNS

In addition to the definitiosin 4.1, a series obfficial definitions and terms havalsobeen identified in
the evidence.Further, there are variationgn definitions for some products and servicelhese are
summarised below.

4.2.1 GENERAL DEFINITIONS

The Consumption Equatiorillustrated in Figure 4.lincorporatesthe rebound effect as defined by
Ehrlich and Holdren in 197showing the relationship between increasing environmental efficiency and
increased consumption of units of products and services per head of population.

Figure 4.1: The Consumption Equation

Source: Sustainable Consumption, A global Status Report — UNEP (2002)
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The above equation &lso describedas:
I (Impact) = RPopulation) *A (Affluence)*T (Technical Efficiency)

The Jevons Paradois another definition usedo explain the rebound effect. Named after the
nineteenth century economist and philosopher William Stanley Jevons, the paradox is if there is an
increasen efficiency in the use of a resource its price can reduce, leading to an increase in consumption
of this resource and, under certain circumstances, it can actually increase overall resource use as
opposed to reducing it (Polimenti et al, 2008). This wiastified for energy efficiency related rebound
effects for coal as early as 1865 (Jevons, 1865) and into more modern times for other fossil fuels and
proposed as applicable wider resource®.g. land and food Polimenti et al, 2008 and 2009).

Mental/ PsychologicaRebound Effect; Technical innovations improving the environmental impact of a

good or an activity can have negative repercussions on consumer behdvidegl good perception of
0SAYy3 ANDSFdzZNI 3S AYONBFaSR O2yadzYLIiaAzy F2NJ OSNI
available.For example, the introduction of the\Bay catalytic converter in cars has slowed down the
discussion about the social and environmental effects of passaragetransport and may have moved

many people critical of increasing car ownership and usdo reconsider this and take up car drigin
themselves Paech, 2005)Similar considerations can apply to the use of recycled paper (Schneider,
2003) or energyefficient lighting® A Swiss study has , developed the notion of the mental
GSYDPANRYYSYy(GlFfé¢ o6dzRISGP ! OO2NRAY3I (2 (GKA&AZ- K2dza S
keeping exercise, valuing the environmental impacts of different activities. What is rdgdr as
environmentally harmful and favourable, very much depends on the household. This system has it that in
return for environmental improvements of certain activities in the household (e.g. a growth in energy
efficiency),other environmentally harmful etivities could be taken up, i.e. indirect rebound effects could
FNARAS 0aSS . dzyRS&l Yd FNNJI 9YSNHASSY Hnnpo® ¢KAa &ai
been carried out where such a rebound effecsbaen proven to exist.

Other termsused for the rebound effect are thencome Effect; due to higher disposable income
resulting from cost efficient interventions (Ouyang et al, 20I@keback EffectBouncebackComfort
Takingor Offsetting BehaviourOutside of energy efficiency related examples, definitions of the rebound
effect are often used inconsistently in the evidence.

Variations on definitions for products and serviceProduct or service specific examples found in the
evidence include théollowing:-

9 Transport: One cited example of the rebound effect in the transport sector is the behavioural
phenomena of increased vehicle mileage and associated impacts that can inadvertently occur from
congestion reduction, fuel efficiency and road safety programs (Kent @0&Q), Victoria Transport
Policy, 2010). The effect is described@asnerated Traffic additional vehicle trips on a particular
roadway or area that occur when roadway capacity is increased, or travel conditions are improved in

2 Schneider does not explain the concrete reasons of the increased paper use which counteracts the sustainable effectsoofuttieon of
recycled paper.

% As for similar potential rebound effects linked to the purchase of a hybrid vehicle§.6e&hee rebound effects could not be identified in

reality.
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other ways. This may consist shifts in travel time, route, mode, destination and frequency. This can

result from:

0 Induced travel: An increase in total vehicle mileage due to increased motor vehicle trip
frequency, longer trip distances or shifts from other modes, but excludasltrshifted from
other times andor routes.

0 Latent demand: Additional trips that would be made if travel conditions improved (less
congested, higher design speeds, lower vehicle costs or tolls) (Victoria Transport Policy, 2010).

1 Domestic Insulation The [d{)gupd effect in dpmestic insulriltionAintervgngions’ has been mgasu[ed 5
FYyR 2yS |1alLlsSoud 2F A0 Aa NBFTFSNNBR 02 Fa U0KS aoO2
investigated and clarified the key terminology in this context as follows:

0 Reductionfactor - the total amount by which the measured energy saving following housing
refurbishment is less than predicted from theagd from modelling

o Comfort factor- the part of the reduction factor being caused through raising internal
temperaturesas iQa OKSFLISNJ FyR Y2NB STFFAOASYyG G2 KS
more energy-the direct rebound effect.

o Other factorsg the remainingamount of the reduction factor which is not explained by the
comfort factor (for e.g. the insulation materials notrf@rming, in practice, to the standard
they are in theory, calculatedto; substandard installation or fitting; or sutandard
products used).

4.3 SIGNIFICANCE OF RHBOUND EFFECT

4.3.1RELEVANCE FEBSCP POLICY

Reviews of the EU SCP Action REuonima, 2009), and most recently the EEA State of the Environment
and Outlook Report draft (EEA, 2010) have identified thstimated potentialgains from energy
efficiency measureshave been reduced by the rebound effect. The rebound effect can lingit th
environmental improvements possible through SCP and sustainable products policies and technologies
and, in particular, the goal of decoupling resource consumption from economic growth (UNEP, 2005;
Sorrel et al, 2010)Because of the clear evidence seen febound effects in energy efficiency this is
especially relevant for energy/climate change policy. Key rebound projects have identified that efficiency
measures alone are not sufficient to meet current GHG targets (Sorrell et al, 2010; Turner, 2010;
Saunders, 2010; Jenkins, 2010).Therefore, understandingrthgnitude of the effegt and how it varies

with the products/iservices concerneds keynot just for energy butor wider resource policiesandto

allow policy makerdo consider it in future SCPoficies.

4.3.21S THE REBOUND EFFECT JUST ACADEMIC SPECULATION?

There have been some discussions as to whether the rebound effect is just academic speculation.
Research within this project has found thilere is clear evidence for the rebound effect, femergy
efficiency interventiondor householdspace heating/ cooling personal transport white goods and
lighting, ICT, fuel efficiency in commercial transport and environmental improvement interventions for
food. The question is not about whether rebnd exists or not but to what level ofiagnitudeand for

what products & services and interventions.
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For examplethe UKDepartment of Energy and Climate Charfp&CC) acceptbd existence ofthe

direct rebound effects irrelevantpolicy interventionf 'y R 2 FFAOALF f & Ay O2 NLR NI
savings from rebound in its policy evaluatiofio date this has been incorporated in domestic insulation

energy policy; where &5%direct rebound effect is accounted foriINS O2 Ay A (1A 2y yATA Wg2 YT
newly insulated home. Thikb%reduction in savings has been applied to the CERT (Carbon Emissions
Reduction Scheme) scheme which has been running in the UK sinceT2@08ase Studit 6.1.1details

this further.

The main definition andheasurement of the rebound effect to date has related to energy efficiency and
the cost reductions and associat@ttreasedconsumption this can cause. However, it has been noted
that, in theory, this can apply to wider resources beyond energy, but, teddte details on how, and
the significance of rebound in these areas, are missBayréll et al, 2010)The exiding evidence is
mostly for energy efficiency and this indicates that differences are strongly depenoh the
circumstances

4.4 APPROACHESR MEASURING REBOWNOMITATIONS

In order to accurately quantify the rebound effect, it must be precisely defined and then distinguished
from other micre and macreeconomic effects. The relationship between these effects can be complex
which adds to thedifficulty in accurately measuring the rebound effect. That said, various approaches
can be taken which can increase the confidence in the conclusions of any analysis.

This section presents relevant economic concepts and their relationship to the rebeftext, then
highlights the different approaches employed to measure it. This is followed by a discussion of the
limitations of such measurements and suggestions for improving the reliability of results.

4.4 1RELEVANT ECONOMIC CONCEPTS

0 Price effect (prie elasticity)

3 The priceelasticity is defined as the percentage change in demand associated with an
increase in price by 1%, for a given product. It measures the sensitivity of demand to price
changes, for a specific good.

3 Priceelasticity is often used toneasure the direct rebound effect, since it is the change in
demand for a given service in reaction to a change in the corresponding price. In this case,
the priceelasticity is linked to the demand for the underlying product (e.g. electricity)
through the service it provides to the user/customer (e.g. heating service).

0 Income effect (income elasticity)

3 The incomeelasticity is defined as the percentage change in demand associated with an
increase in income by 1%, for a given product. It measures thetisensiss of the demand
to income changes, for a specific product.

3 Incomeelasticity is relevant to rebound as changes in energy or resource efficiency lead to a
decrease in the price of the corresponding service and hence an increase in disposable
income, everything else being held equal (such as revenues and prices of other products).
This surplus of disposable income could be spent on increasing the level of service required
(direct rebound effect, e.g. increasing the average heating temperature) or/hmchted to
other additional goods and services (indirect rebound effect).
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0 Substitution effect (cross price/substitution elasticity)

3 The substitution effect between product A and product B is defined as the percentage
change in demand for A when the prioé B increases by 1%, everything being held equal
(i.e. when the relative price of A compared to B decreases by 1%). Thigpadoesslasticity
measures the degree of substitutability (if demand for A increases) or complementarity (if
demand for A decrea&s).

3 This is relevant to rebound because identifying substitutability between products is
necessary to identify and quantify indirect rebound effects. For example, if energy and food
products are substitutable goods, a reduction in the price of energyicesrwill lead to an
increase in the demand for food products. An indirect rebound effect will exist if the
SY@ANRYYSyilltf AYLIOGa o6S®3ad /hiov Faaz2zo0Al GdSR
products outweighs the reduction in environmental impachkéd to lower energy
consumption.

0 Saturation effect

3 Saturation effect can be defined as the reduction in the pace of increase in the level of
service required, as the gap between the effective level of service and the comfort level is
reduced (e.g. when theffective heating temperatures reaches 22°C ). Ultimately, when this
level is reached, a reduction in the service price has no impact in the demand for this specific
service (no direct rebound effect) but fully passed on to the demand for other products
(maximal indirect rebound effect).

3 This is relevant for rebound because it helps to anticipate the order of magnitude of direct
rebound compared to indirect rebound effects, and the associated mitigation measures that
ought to be undertaken to minimise te adverse effects.

4.4.2 APPROACHES MEASURBHE REBOUND EFFECT

The tools used to measure the rebound effect depend on the type of rebound which is to be quantified,
as shown in the table below and as described in the paragraphs which follow:

REBOUNDYPE METHOD OF ANALYSIS

Direct Micro-econometric modelling of households/producers, including
estimating price elasticities, income elasticities, etc.

Indirect Micro-econometric/Macreeconometric modelling of
households/producers: estimation afossprice or substitution
elasticities (impact of a change in the price of one factor/good on th
demand of the other factor/good)

Economywide Macro-econometric models (oftelmstimate behavioural relationships
(NB: Economyvide within an inputoutput (10)) structure) or Computable General
rebound is often Equilibrium (CGE) models

measured jointly with
indirect rebound)
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Estimation of direct rebound effects

Micro-economic/household level

To measure micr@conomic/household level direct rebound effecthe approach used is generally
based on an econometric estimation of elasticities. According to the data available, the following
parameters can be considered as a measure of direct rebound effects, ranked in decreasing order
according to their level ofrngcision/relevance:

0 Elasticity of the demand for a specific service relative to the efficiency in the use of the underlying
product providing the service (e.g. energy efficiency for eneetpted services), where service is
proportional to the amount of pduct needed to produce a unit of service (e.g. number of kWh
necessary to generate a 1 °C rise in temperature) and the level of service required (e.g. the heating
temperature, 21 or 22 °C for example). This is the most direct and precise measure ofeitte d
rebound effect.

0 Elasticity of the demand for a specific product relative to the prodalsted efficiency (e.g.
elasticity of energy demand to energfficiency). Given data constraints and uncertainties
associated to data on services (related toemgy, resources, etc.), the latter measure of direct
rebound effect is preferred. A relationship exists between these two measures of the rebound effect:
product=servicel. Taking the example of energglated services, in the absence of direct rebound
effect, an increase in energpfficiency by 1% leads to a decrease in the demand of energy by 1%
(product=1%). The existence of a change in the level of enmigyed service due to a change in
energyefficiency (service>0) will limit the reduction in denada

0 Priceelasticity of demand, for a given service.

0 Elasticity of the demand for a specific service to the price of the underlying product necessary to
provide the service (e.g. energy price for the service related to the provision of hot water).

0 Priceelasticity of the demand for a specific serviedated product to the price of the product (e.g.
elasticity of electricity demand to electricity prices).

Beyond the criteria related to the availability and reliability of the data, the choice ofaatijigation
method also depends on economic and/or technical aspects. For example, focusing again on energy
related services, choosing priedasticities to measure direct rebound effects may be relevant if the
response of demand to efficiency changeth& same than the response of demand to price changes and

if energy efficiency is independent from energy prices (which may not be true in thedony

Measurement of direct rebound is often based on empirical data. To date, such measurements have
genemlly focused on energy consumption and related services (e.g. transportation, heating, electricity,
etc.). Madlenerand Alcott( 2008 andDimitropoulosand Sorrell(2006)cast doubt on the validity of such
approaches, arguing that issues related to the definition ld tebound effect and the appropriate
method for quantifying the effect are unresolved.

Non-econometric techniques can also be used to measure rebound. A good example is controlled
experimentation, where two populations are followed, one which has beegngicentives to carry out
energy efficiency investments. The difference in energy consumption between the two populations can
be taken as a measure of rebound effect. This approach, however, requires considerable time and
resources (e.g. surveys, etehus limiting its applicability.
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Modelling of indirect and economywvide rebound effects

Generally speaking, the quantification of indirect and econavige rebound is more challenging
(Sorrell, 2010) as more variables and greater uncertainty is invaB@de of the approaches which can
be taken are outlined below.

Micro-economic/household level

~

0 Comparing the price elasticities of different products and sendcksown as crosgrice elasticities
-- can provide insight into how changes in the priceook product can change consumption of
another. Katrenaet al 2010 (see sectiob.5) show, for example that increasing the price of
automotive fuels by 7% will reduce demand for heating by approximately 15%.

Macro-economic/aggregate level

Statistical methds can be used to test a hypothesis that efficiency increases contribute to an
increase in energy consumption. However this requires a metric for energy efficiency levels that is
valid in different time periods and in different countries (or at differecdles) (Madlener and Alcott,
2008)

In order to assess rebound effect at the econewige level, macroeconomic models such as
computable general equilibrium (CGE) madeind norequilibrium modelscan be used. These
models use real economic data to estimate how an economy may react to some change. Barker et al,
2009 usethis type of model to calculate that energy efficiency improvements associated with
transport, residential and services buildireysd industrial sectors could lead to a rebound of 52% by
2030.

In terms of economy wide rebound, this is normally applied to a national economy. However it has
been noted that for energy efficiency improvements global variables come into play if trademtt

and international energy prices are impactadence incorporating these factors and scale would
enable a more accurate measuremdBorrell et al, 2010).

4.4 3LIMITATIONS TO MEASURING REBOUND EFFECT AND HOW THEY CAN BE OVERCOME

Sorrell (2010) summases the challenges inherent to quantifying the rebound effect, stating:
Quantification of rebound effects is hampered by inadequate data, unclear system boundaries,
endogenous variables (a variable whose value is determined by other variables) , uneersain
relationships, transboundary effects and complex, f@rg dynamics such as changing patterns
of consumption.

The use of econometric modelling to quantify the rebound effect share the limitations of such modelling
in general, namely:

Uncertaintyrelated to the accuracy of the base data;

Uncertainty related to the accuracy of assumptions;

Uncertainty related to the validity of the model.

In order to overcome these limitations, different methodological approaches can be combined which
allows the researcher to compare the results. If the results from the two different approaches tend to
agree, then the overall confidence in the results is increased. Barker (2009) used this approach in his
study on quantifying macroeconomic rebound, incorporating tbsults of a general equilibrium model

with those of a simulation model. The overall result shows a strong rebound.
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It is important to note the necessity for high quality base data as this informs the assumptions and the
2PSNY tf S@I t dz &ldig. yhe 2Eputdfn® myol Wil 6nlp Be adigood as the data which
is used as input, therefore ensuring the collection of kighlity data across the economy will only
contribute to improving the calculations.

4. 5DIFFERENTIATING REBOUND EFFECT FROOMER FACTORS

Accurately quantifying the rebound effect requires that it be isolated from other macroeconomic factors
which also drive consumption. This task is made complex by the large number of variables, and the
complex interrelations between them, wdh must be controlled in order to obtain an accurate value. For
example, a policy which increases the energy efficiency of a certain class of appliances will theoretically
have an impact on numerous factors which influence the ultimate purchasing dexisiot use
behaviours of consumers. These factors range from the purchasing power of the consumer, to the price
of the fuel which powers the appliances, to the amount of time per day which the consumer may use the
appliances. As such isolating and quantidythe rebound effect at the macroeconomic level requires
estimations, approximations, and assumptions in order to produce a meaningful. vEhese are
explored below.

Price - If you increase efficiency of any factor of production, its price / unit ofiice {.e. the
effectivefimplicit price) is reduced. This triggers a positive demand respousectly (by the producer

or consumer whose efficiency has improved) and also economy wide through knock on effects. The
strength of this demand is what caustt® rebound effect. Theffective price change is the source of

the rebound effect. How this is impacted by the efficiency improvement and associated factors needs to
be considered to measure rebound (Turner, 2010). These factors include:

1 Is the desiredefficiency improvement (i.e. does technology work as anticipated) realised or only
partly and how does this impact priee

1 Costs to implement efficiency improvements could limit the fall in effective price.

9 Substitution effect away from other inputs favour of energy following the fall in effective energy
price allows the price of output in that sector and other sectors that purchase it as inputs to their
sectors to fall. This triggers positive competitiveness effects that raise activity levels,sicsEP
growth and stimulate further rebound. If the initial substitution effects are weak, this limits the size
of the competiveness etc

1 For direct rebound effects from energy efficiency, the key determining factor is how producers
substitute between eneng and other inputs in production in the sector with the energy efficiency
improvement.

1 Under energy efficiency the costs of production fall, particularly in energy intensive sectors and the
products/services from these sectors become cheaper and consusmaaid grows. This leads to
increased production and hence energy consumption. As the economy grows, incomes increase
encouraging further rebound effects.

1 How well energy users recognise and respond to the effective price change. For example, if a
household purchases a more energy efficient fridge, the price effect is automatic and will be
reflected in the next electricity bill. On the other hand, if a household installs loft insulation, they
may need to undertake further activity, such as appropriate adjustts to thermostats/heating
controls, before the efficiency improvement and subsequent price effect are realised.
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1 Supply side effects e.g. labour and capital and their role in allowing economic expansibareed
economy wide rebound.

91 Productivity improements and rebound effects can impact trade patterns so environmental impacts
across supply chains e.g. carbon footprints may be different (Sorrell, 2007; Turner, 2010).

1 Backfire requires an economy wide demand response that is more than proportionatbe timitial
effective price change. Recent research on the economy wide rebound effect for Scotland shows that
this only tends to occur in highly energy intensive energy supply sectors, in particular where trade
and competitivenesare important (Turner etal, 2009; Turner, 2009).

Income and Expenditure Business producers require a different focus than households as the rebound
effects vary with these actors. For example, for household consumers, energy efficiency improvements
cause shifts in demand arttie income freed up will allow consumption to increase elsewhere. How
households spend the money they save from efficiency improvements impacts net economic activity. In
the case of energy efficiency, if expenditure on more energy increases this wilsearebound effects,

but if they expend on non energy goods and services the economy would grow with more limited
rebound. Further if consumers save vs. spend the extra in¢timecarbon intensity of the investment

will impact the rebound effects (Druckmeet al, 2010). These demand shifts wilo change prices
throughout the economy and need to be considered.

Energy efficiency related rebound effects evidence shows that this is likely to be greater in low income
households, because the initial spend emergy accounts for a larger share of income. However, other
factors e.g. habitual behaviour should be considered (Jackson, 2005, Sorrell, 2007, Druckman et al,
2010).

Location- Because behavioural responses cause direct rebound effects, Hredikely to be similar
across the Western worjdout subject to differences on a national level based on income. Fyrther
rebound effects in the developing world is estimated to be higher due to unmet demand (Roy, 2000)

Production - Sectors, product and servicashere production factor energy is high e.g. industrial
processes and transport/logistics show higher energy efficiency related direct rebound effects. These are
illustrated inFigure4.2

Technologyc Evidence has shown that rebound effects are strongerdf@@ OF f f SR a DSy SNJI
¢t SOKy2t23ASa¢ Qaod 20KSNEP®P ¢KSaS INBF RSTAYSR a o
and processes. Examples are lighting, motor vehicles and complitésss becausehey permeate the

economy once a threshalefficiency of operation is realised and contribute to consumption growth and
economy wide rebound_{psey et al, 200%orrell, 2007, van den Bergh, 2010).

38 European Commission DG ENV
Addressing the Rebound Effect



9Global View b PECo
S/Sustainability Services o _ bl O nteligence m
in association with Service &

Figure4.2 Qualitative assessment of indicators of potential rebound for energy consuming
activities in industry (van den Bergh, 2010)

Type of industrial ~ Proportion  Energy Energy
energy-consuming  of energy conservation efficiency
activity use with and improvement
without
efficiency
improvement
Energyitotal More intensive Productivity Technological
cost ratio use of cument effect (effecton  diffusion effect
equipment other production  {esp. general
{direct rebound factors) purpose
effect) technology)
Industrial lighting  Small Small Medium Small Mo
Refrigerating Medium Small Small Emall Mo
Air conditioning Medium Medium Small Small Small
Space heating Medium Large Small Emall Mo
Water heating Medium Small Small Small Mo
Industrial Large Large Medium Large Mediom
processing
Transport and Large Large Large Medium Mediom
logistics
Activities like energy {electricity, oil, gas) generation, transformation and transport, and electric motors might
also be included

Additionally, the increase in efficiency occurs against a backdrop of numerous other macroeconomic
trends. Economic growth nataly leads to an increase in consumption of goods and services.
Innovation and the discovery of new resources will both tend to drive real prices down and real incomes
up, resulting in increased purchasing power, much in the same way that increasasienejf would. In

the short to mediumterm, fuel prices are greatly affected by changes in the parity of the US dollar and
geopolitical conditions, etc.

Ideally, properly controlled experiments would be conducted in order to isolate and precisely quantify
the rebound effect. Such experiments, however, are not possible at the macroeconomic level as they
would require, for example, increasing efficiency for one population while maintaining the status quo for
another, all while controlling for all other varikds across the two populations. As such, quantification of
the rebound effect must be based on the results of modelmainly econometria which include all of

the limitations described in the previous section.

Given this inherent uncertainty, expertsradacted within the context of this study have suggested that
attention and efforts not be directed at additional attempts to derive a precise value for the rebound
effect, but rather to focus on developing policies which will be effective despite suctreimhe
uncertainty.
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5. CASE EXAMPLES ILLUSTRATE REBOWRFECT

Based on the evidence and stakeholdgyut, this section details real world case examples that illustrate
the existence and magnitude of rebound effects (direct, indirect and/or econawge), its
measurement in products/services or SCP interventaoms limitations.

To note the rebound effect in the followingexampleswere investigated in line with Commission
requests, but no credible evidence based examplere identified for:-
1 Packaging
I Water use associated with shower heads;
9 Travel/tourism¢ low cost airlines are a likely example to have rebound effects for airline fuel
efficiency but no evidence was found to demonstrate this to date. Case examples for personal
and commercial transposdre available and presented below.

5.1 CASE: HOUSEHOLD CAREATINGCOOLINGOECD)

In 2007, the UK Energy Research Centreducted anassessment of the evidence fdirect rebound

effects from improved energy efficiency associated with household cars, heating/cooling and other
consumer services from studies in a range of OECD countries to identify rebound effect values (Sorrell et

al, 2007). Based on an assessment of rl@bility of the rebound effect measuredi KS a0 Said 3 dz
rebound effect range was 1B0% as illustrateth Figure 5.1

Figure 5.1Direct ReboundEffectEstimates for consumer energy services in the OECD (Source:
Sorrell et al, 2007)

End-Use Range of ‘Best guess’ No. of Studies Degree
Values in of Confidence
Evidence Base

Personal automotive 5-87% 10-30% 17 High
transport

Space heating 1.4-60% 10-30% 9 Medium
Space cooling 1-26% 1-26% 2 Low
Other consumer 0-49% <20% 3 Low

energy services

This builds on a meta study dobg the IEA in 2005 which collates direct rebound effects as illustrated in
Figure 5.2
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Figure 5.2: Direct Rebound Effect Estimates (Source: IEA, 2005)

Sector Field of application Directrebound effect | Average
Private Households Heat 10—30% 20%
Private Households Air conditioning 0—50% 25%
Private Households Hot water <10—40% 25%
Private Households Lighting 5—-12% 8,5%
Private Households White goods 0% 0%
Private Households Cars 10—30% 20%
Industry and commerce | Lighting 0—2% 1%
Industry and commerce | Processtechnology 0—-20% 10%

Source: IEA (2005)

Interestingly this shows 0% direct rebound effect for white goods, however, later evidence shows there
is evidence of direct rebound effects for household appliances as described in this case at 5.3.

Arange of empirical studies haadsobeen conductedo estimate thedirect rebound effect from energy
efficiency interventions relevant to these producisd servicesn several EU countries. These show
rebound effects for consumption associated with energy efficiency as:

1 20-30% rebound effect in Austriapace heating (Haas et al, 2000) ;
1 1527% for the Netherlandspace heatingBerkhout et al, 2000);

1 15% for personal transport, household heating, and other household services in the UK
(Sorrell et al, 2009).

5.2 CASE: HOUSEHOLD CARRTINEAIGHTINGPRODUCTIOWSA)

For the USA, rebound effects for consumption associated with energy efficiency in household
heating/cooling, lighting and appliances based on mid 1990s data are typice8@%4{Greening et al,
2000)?, Figure 5.3illustrates the reboud effect ranges minimum to maximum for these estimates
based on a UNEP study (Utopies/UNEP, 2000).

* This is included for information and it is noted that USA and EU consumption levels are different which impacts the tiitystéthis

example to an EU context.
European Commission DG E a1
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Figure5.3 Rebound Effect estimates in the USA for personal travel and household cooling,
heating, lighting and appliances (Source: UNEP (2000))

» minimum
B maximum
- I E rI L

personal  residential  residential  residential
transportation  cooling heating  lighting

siiiii

A recent econometric analysis of historical energy consumption rebound magnitudes in the US economy

for 30 producingsectors has been conducted, by sector and in aggregate (Saunders, 20108 USAg

data set covering the period9602005 (Jorgenson et ¥l. A draft paper on the analysisa | A & i 2 N&X O
SOARSYOS FT2N) SySNHe& O2yadzYLliAzy NBo2dzyR Ay on | {
provided and is expected to haublished in Energy Economics in 2011. In addition t®ahalysis, an

open source toolkit is available to conduct a comparable analysis for any country, or sector, for which the
data are availableBased on the aggregate results, this analysis shitmat improvements in energy

efficiency in theUSindustry sectors have an estimated BD%direct rebound effect over the long term
(19901995) Itshows rebound to have averaged 121% inthe 3980 GAYS TN} YS 6aol O ¥
198590 time frame, and 60% ithhe 199095 period.Changes irflactor priees over this time period are

one contributing factor for these trends. The analysis shows key variations in rebound péflesector

over the short to long termandthat energyintensive sectors, e.g. utilities, transportation, chemical and
agriculture,havethe largest rebounctffects as energy services are easily substituted for other factors of
production(Saunders, 2010)

5.3 CASE: ENERGY EFNCYEPOLICIES & PRAMNIES (EU)

Rebound effects for energy efficiency policies and programmes have beesuredain the UK and
Germany Following a House of Lords enquiry in 2005 on whether rebound plays a role in UK energy use
not reducing in line with efficiency improvements, the UK ERC were commissioned by Defra to conduct a
milestone review of evidence omergy efficiency and the rebound effeéh particular economy wide
(Sorrell, et al, 2007)ollowing thisa series of projects have been fundidinvestigate the source and
magnitude of energy efficiency related economy wide rebound effects (Barkadr 2009; Turner, 2009

& 2010. UK studies have estimated thetal rebound effect(micro and macro), arising from UK energy
efficiency policies and programmes for the period 2@080 covering industry, households, transport

° The data set is available lattp://dvn.ig.harvard.edu/dvn/dv/jorgenson;jsessionid=5f474ccc4bb102aec4ff946764ané the econometric
approach is in line with Jorgenson (2000) and Jorgenson, Ho and Stiroh.(2005)
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and commerce as 26% by 201G.tQis 15% is attributed to direct and 11 % to econewige rebound
effects (4CMR,2006) . As illustratedrigure 5.4 the largest direct rebound effects were identified for
the road transport and household sectors, whereas the largest indirect and egewie rebound
effects were for the energintensive and other industry sectors, with small direct, indirect and
economywide rebound effects for the commerce sector.

Figure 54: Total Rebound Effect (%) Difference between Base Case (2005) & Refererece Cas
(Source: 4ACMR, 26D

2005 2010
Energy-intensive industries 27 25
Other industry 15 16
Road transport 29 32
Commerce etc. 0 7
Households 33 30
Total 26 26
MNote(s):
Figures are total rebound effect, i.e. (assumed) direct rebound plus (projected) indirect
rebound.
Source(s) . Cambridge Econometrics. |

A recent University of Stirling project investigated economy wide rebound effects associated with energy
efficiency for Scotland using@mputable general equilibrium (CGE) model for the Scottish economy.
The results showed thavhen energy efficiency is improved by 5 % in the production sectors of the
Scottish economy, rebound effects are seen in most casésventually grow into backfire (Hanley et

al, 2009). While, backfire evidence is limited, the Scottish case shows this backfire only tends to occur
when there is increased energy efficiency in a highly energy intensive energy supply sector, particularly
where trade and competitiveness are important (Turner et al, 2009, Turner, 2008)ersity of Stirling

have rebound related projects still ongoingcluding developing improvements to CGE modelling to
enable a better understanding of rebound effects, fthgpacts of gpply side effects e.g. labour and
capital and their role in economy wide rebound and behaviour change

There are fewer estimates of indirect rebound effects for energy efficiency policies, however a UK study
estimates it can reach 30% or haghover time (31% by 2020 and 52% by 2050) (Barker et al, 2009). At
the other end of the scalén Germany, indirect rebound effects associated with twelve energy efficiency
programmes proposed for an energy saving fund covering househedds estimatedat 5.3% based on
estimates suggested for energy savings (Irrek, 2010). University of Brussels is ruheitdECORE
Project Household Energy Consumption and Rebound Efssarch project funded by the Belgian
Science Policy Office and runs April 2QIEhuary 2012The aim of the project is to study threct and
indirect rebound effects linked to the increased efficiency of energy use by Belgian households, and to
analyse the policy instruments to attenuate, neutralise or possibly prevent rebourdprbiect focuses

on dwelling energy consumption (fuels + electricity) and household mobility (work + leisure). Direct and
indirect rebound effects are to be investigated for thetualpracticeswithin households. As the size of

the rebound effect is likg to vary widely for different technologies, practices and income levels, in
particular for those consumers that could not previously afford a particular energy service, the activities,
results and data will be analysed by income levels of the househtsdd,the links between poverty and
energy consumptiorwith fuel prices, mobility and land occupaticere to be assessedThe REAP

European Commission DG E 43
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modelling tool developed by the Stockholm Environment Institute (SEI) is being used to simulate the
effects of different enegy (pricing) policies to counterct rebound effects. Key outcomes are expected

to include an analysis of existing energy policies applying to househesidsmmendations about

suitable instruments to mitigate rebound with a focus on energy pricing isstes,impacts on
K2dzaSK2f RAQ ¢St FINBST FyR (GKS (Men@xA2010). | OOSLIG I 6 At A (¢

In France, aecent study coordinated by the French ministry of environment (2010) gives additional
evidence on the rebound effect for @@missions, for specific activities (heating and transport) as well as
for the economy as a whole. The approach adopted is based on anonpuit framework, which
allows a separation of the different factors impacting the growth in €@issionsFigure5.5illustrates

this for transport. This shows that the overall growth in Ggnissions associated with househdlds
private transportation is essentially due to an increase in the distance travelled per person (yellow

rectangle). Without the considerablains in fuel efficiency recorded over the period, the growth in CO
would have been 12 % higher (red rectangle).

Figure5.5 Factors of evolution for household G@missions related to private transportation
(19902007)

En % de la quantité totale de I'année initiale
15

10

Contenu en C0_
moyen
des carburants

Distance Taille de la Total
par personne  population

Consommation
-15 moyenne de carburant
par voyageur-Kilometre

Saurce - soes, calouls o aprés Olepa (Emssions),
vs consultants (énergie), Insee {population), S0es (transport).

ADEME in conjunction with Gritas recently launched a project (2012012) on the measurement of
direct and indirect rebound effects associated with energy efficiency for French housdbpldster
and space heating, when introducing technologies or upgrading building insulationillimseWweup to

two thousand households who will be surveyaad will have a key focus on identifying differences due
to energy source.g. gas, oil or woo(ADEME, 2010).

® GrDF is the main gas distribution operator in France.
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5.4 CASE: HOUSEHOLD ARRCESEY

For the ELR7, while the energy efficiency per unit of product for typeshofiseholdappliances has
improved significatly over the past two decadeshese product improvements haveeen outstripped

by increases in ownership andcreaseduse of appliance (EEA, 2010; JRC/IE, 2009). As a result, overall
electricity consumption per household for lighting and appliances has gondugbating the rebound
effect (EEA, 2010). Key examples fai@ges, washing machines and dishwashers as shoWwmginre 5.6

Figure 5.6: Trends in Appliance Energy Efficiency and Owneiskig27 (Source: EEA, 2010)
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Source: Odyssee database, 2010

Part of thisincrease is due to increasing humbers of households and disposable income, increased
ownership ofmultiple appliances per householk.g. refrigeration products)rising demand for A/C
especially from Mediterranean countries and usage chanfmse.g. components of ICT having high
rates of standbyidle energy consumption (JRC/IE, 2009, Owen, 2006 & 2007).

Similar trends in electrity use in the domestic sector have been found in Japan and within tR27EU

Denmark and the UK:zor example in the UKhe typical electricity consumption in the home has more

than doubled from the 1970s to the 2000s despite the efficiency of typicadétmld appliances such as

fridges, washing machines and dishwashers increasing, on average, by approximately 2% year on year for
the last 30 years (Owen, 2006). The explanation for this phenomenon lies in the fact that the typical UK
household has manymér St SOGUGNBYAO LINRPRdAzOGA GKIY A0 RAR (KNS
680 YR WARES Y2RSQ KI @8 | f tusing&éde indellnitely. | THiehGndber (i 2 6
of the same appliance has increased in the home with an average50T\2s now present in UK
households for exampl®EC@\ct on CG).

If we take fridges as an example, between 1990 and 2001 the averageyarmrgumption of 140 litre
refrigerator dropped by 29%. However, households now tend to contain more than one refrigerating
product. For e.g. a home could easily contain a fridge or combined fiidgeer and a further chest
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freezer in an outhouse or garage. Simii@nds in electricity use in the domestic sector haween
found in DenmarKDanish Energy Agency, 2010]ga these rises in electricity use are in contrast to
rising efficiency standards in most of the maimergyusinghousehold appliances.

Hence this is @ example ofthe direct reboundeffect where increasing energy efficiency standafiars
these products has not led teeconomywide savings in energy and carbon terms; instead energy
demand/use has risen steadily.

5.5 CASE: LIGHTING (DEWBED & DEVELGRB COUNTRIES)

The rebound effect associated with energy efficiency in lighting is estimatedla®bin developed
countries for private households and296 for industry and commerce (IEA, 2005). The -gwawing
demand for artificial light in the home=(g. outdoors lights, lamps left on for security reasons), and also

in offices and factories to increase productivity at night, has been well documented (Bowers B 1998).
This has led to a spectacular increase in total light consumption, which, by th@G@arin the UK was
25,000 times higher than in 1800 (Fouquet and Pearson 2006). However, incandescent bulbs are now
being replaced by compact fluorescent lamps (CFLs), more energy efficient alternatives are currently
under development, with lighemitting diodes (LEDs) expected to become mainstream and achieve
ultimate performance potential around 2030.

A recent study by the USA Physical, Chemical and Nano Sciences Center at Sandia National Laboratories
focusing on soligtate lighting (SSL) (e.g. senmidactor LEDs, Organic Ligkmitting Diodes (OLED)),
analyses the interplay between lighting, human productivity and energy consumption extrapolating past
behaviour of light consumption into the future (Tsao et al. 2010). Artificial lighting is estimated t
consume 6.5% of the world primary energy (Tsao and Waide, 2010), a larger percentage of energy
consumption than GDP (of which artificial lighting consumption is estimated at 0.72%). In this review
extensive data over three centuries were collected towhthat new, additional lighting applications

have continuously emerged resulting in the offset of maximum energy consumption reductions due to
lighting efficiency gains. It is unclear as to whether the demand for light might be nearing saturation in
develged countries and no empirical evidence, has been found to date.

Ly GKS 9! FOO0O2NRAYy3 (2 GKS NBFTSNBYyOS aOSyl NR?2
includes the effect of existing energy efficiency policies and the anticipated effects afithate and

energy package adopted in 2009), there will be a growth of final energy demand for electrical appliances
and lighting in the residential sector of 2.2 % annually in the period 2010 to 2020 (EEA, 2010). As
illustrated inFigure 5.7 in the past two decades changes to average household size, number of homes,
and appliance and lighting energy use have led to a 20% increase in total residential energy
consumption.
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Figure5.7: EU housing efficiency trends, 199®004 (ECOS analysis of EU d&aurce:
Callwell 2010)

Trends in EU Housing Efficiency, 1990 - 2004

30%

Stock of Dwellings
Energy Consumption per Dwelling

ting and Electrical Appliances Consumption per Dwelling
Number of Dwellings per 1000 People
20% + = = =Total Residential Energy Consumgption -
Space Heating Consumgption per Dwelling

25% +

15% +

10% -

5%

Percentage Change

0%
-5% +

-10% v . ’ — - . . - — .
1990 1992 1994 1996 1998 2000 2002 2004

The case of developing countries and unmet demand:

1 When unmet demand is very high in poor communities (or developing countries) where traditional
fuel is still the norm, then the rebound effect could also be very high. When Isapigerns were first
introduced to replace kerosene lamps in rural households in India, a rebound -80%0was
calculated based on the calculated reduction in the use of kerosene and the actual reduction (Roy, J.
2000). The actual kerosene savings workatlto zero and sometimes negative as the fuel saved was
shifted to meet other needs e.g. cooking. Roy concludes that high positive rebound implies that
technology advances, unless supplemented by appropriate pricing policy, will not be successful in
containing demand.

1 In China, the rising energy demand and security issues makes it imperative for the country to
neutralise the rebound effect, especially since a high level of rebound of at least 30% and up to 50%
in household energy efficiency is presum@lyang J et al, 2010). The paper recognises that while
energy efficiency and conservation can slow down the exploitation and depletion pace of non
renewable energy sources, it is imperative to also mitigate the rebound effect to achieve a lower
energy comsumption in Chinese households.

5.5.1REBOUND DEFINITION IN THE LIGHTING S QRIKS TO TECHNOLOGY

Two types of behaviours, which can both be interpreted as forms of rebound effect in the wider sense

are noted. The first behaviour is callezbourd through reversioand consists of users reverting back to
incandescent light bulbs, when for instance, it is found that CFLs give poor quality lighting or fail (Davis, S.
2010). Factors influencing reversion are replacement costs, availability of thedlegy, traditions,

norms and dissatisfaction with the quality of the service. It is to prevent such a risk of seeing further
WNBO02dzyR GKNRdZAK NBOGSNEAZ2YQ GKIFIG GKS fAIKAGAY3IA Ay
before any major rolbut programmes are envisaged. A new Solid State Lighting (SSL) Annex initiated by
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France, the United States and Japan, was launched in June 2010 under the IEA Implementing Agreement
on Efficient Electrical EFAdse Equipment (4E) to provide guidance on appeie test methods and
performance levels that can be used to identify quality SSLs and to remove poorer performing products
from the market before consumer credibility is lost.

In a recent paper van den Bergh (2010) qualified the recent EU joliasi incandescent light bulbs as

I aLIRaarof e AifitSshd Codpiemgnted hyRighkr ricés of energy (electricityycause

of the direct (more lamps and more light hours) and indirectsfpending of direct monetary savings)
rebound effets. He also mentions that, in Nordic countries, the replacement of incandescent lamps,
which produce relatively much more heat than their more energy efficient alternatives, will lead to more
energy use by home and office heating systems to substitutdndat loss. This concept, known as the
Heat Replacement Effect (HRE), is a term used for the consequential effect of improving the energy
consuming products installed in heated buildings. The beneficial saving factor for lighting is currently
estimated at 2% by UK the UK government department Defra, and both Defra and DECC have used this
percentage in their background calculations. Whether or not the HRE could be classed as a type of
rebound effect is open to debate, especially since it is a technicalipdlygffect resulting from
thermostat settings and not directly linked to consumer behaviour. However, similar to the rebound
effect, HRE may change the forecast of benefits and ranking of energy efficiency measures when policy
instruments are prioritise@ccording to their impact on GHG emissions.

5.6 CASE: ROAD FREIGHT

The introduction of fuel efficiency standards to decrease fuel use is one of the major policy regulations to
reduce environmental effects in the commercial transport sector. In particuldranast decade the aim

of reducing greenhouse gas emissions has led to new fuel efficiency standards for heavy duty trucks. In
this context engine technology enhancements for trucks have been developed. Other regulations such as
lower speed limits have aslowered fuel consumption. All of these factors have contributed to
increased fuel efficiency per tondeélometre. Different studies which analysed the rebound effect of
energy efficiency improvements for commercial transportation show rebound effect uneaents
between 30 and 80% (Gately 1990, Graham & Glaister 2002, Anson & Turner 2009).

Anson & Turner (2009) found that a 5% increase in energy efficiency in the freight transport sector leads

to rebound effects in the use of dilased energy commoditiein all time periods, in the target sector

and at the economg A RS f S@St @ 5SalLIAGS (GKS pm: AYONBIFasS Ay
consumption only falls by 3.2% in the short run and by slightly less, 3.1% over the long run. The

G (0 NI vy aillr@doNid &ffe@ is thus 36.5% in the short run and 38.3% in the long run (Anson & Turner
2009).Graham & Glaister (2002) reviewed international literature on road traffic and fuel demand to
identify the range of relevant eléisities. The results show &l there is a wide variation in the published

data, but Graham & Glaister found that 42% of the estimates fall within the range of a direct rebound
effect of 4080%. Gately (1990) used econometric analysis on U.S. data to estimate the fuel price
elasticityof heavy goods vehicles transport and found a statistically significant rebound effect of 37%.

The decreasingost for transportation of goods hawade longer distances and more frequent transport
journeys coskeffective. Lower costs for transportatidmve alsoncreasedthe movementof goods for
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different steps in the manufacturing process. During the 1970s, fuel costs amounted to around 30% of
total costin the long distance road freight transport sector in Europe. If we consider that an overall
efficiency improvement of 40% for transportation was realised, freight costs dropped because of this by
12%, which is aignificantreduction andenables thesehanges in the production structure (Ruzzenenti

& Basosi2008). Ruzzenenti & Basosi (2008) show th#tsourcing i.e. the distribution of the different
steps of thesupplychainto different locations is the main reason for traffic density growth, so not only
longer distances were drivetut also the frequency dfransport between locations has increasetihis

isa new development in the overalbmmercial freigheconomic system of producticend is relevant to
economy wide rebound effect©utsourcing relies mainly on lower transportation costs, whinhables
anexpansiodh Y YIF N] SGaQ LIKeaaAOlf 0 20Nd Bdakedand the plaogiedt®dMNI ( A 2
segments of production in different placescausal linkvas identifiedbetween fuel efficiency gains, the
lower costs of transport and the growth of outsourciRgzzenenti& Basosi2008)

5.7 CASE: PRIVATE TRADRBP

This case shows that when fuel efficiency increases for privatearai# is accompanied by a reduction

in fuel costs, this can lead to more miles being driven in private carsuétimdately, greateroverallfuel

usage This is a classic direct rebound effect where the improvement of fuel efficiency leads to more
consumptiondue toil KS dza SNRa OK2 A OS inzhe BN\Ndbifty if raspaastoIfoR A & { |
MpTIHP 3 2F (KS S jhdrodBEngactScgtégories (IRET/IRFSY #086). As illustrated in
Figure 58, while fuel efficiency per car lsamproved over recent decades, tisavingshave been offset

by growing consumption of private car travel in the-EU(EEA, 2010)

Figure 5.8GrowtKk Ay LINA @I GS OIF NJ GN¥ @St @OSNRARdza FdzSt S
EEA, 2010)
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Studies in OECD countries have estimated the rebound effect associated with fuel efficiency in private
cars to be between 130% (Sorrell, 2007). This reflects tHasticity of vehicle travel with respect to fuel

price (transportation elasticities). According to Victoria Transport Institute, a 10% increase in fuel
efficiency actually provides a8% net reduction in fuel consumption and &% increase in vehicle
mileage (Victoria Transport Institute, 2010).
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5.8 CASEFRENCH ECO PASTECHEME VEHICLES

In 2008, the French government introduced éoopastillescheme aiming to encourage a transition
towards vehicles with lower GE YA d A A2y ad ¢ KA A& aOKSYH A VD dZR K AO KA
subsidy for the purchase of efficient vehicles (bonus) and an extra charge for inefficient vehicles (malus).

The bonusY'l £ dzZa NI y3ISR FTNRBY | adzoaARe tRaf 60g S@km sona F2NJ
LSylLrftde 2F ewnZcnn T 2 NJ @S #inOktfcles eBiMinglbétdegrd131¥aAdNS  { K
160gC&x 1Y NBOSAGSR ySAGKSNI I 02yd yWaEN 12 FY lefodzand Loy

top of the normal bonus for the pahase of a vehicle emitting less than 130 g/Ki® when proof was
given that a vehicle older than 15 years was taken out of service.

In 2009, the French Ministry of Ecology, Energy, Sustainable Development and Sea (MEEDM) undertook a
study to evaluate thesocial, economic, and environmental impact of #mopastillescheme. This study
included a comprehensive cebenefit analysis of the scheme and concluded that the ultimate result of

the scheme (i.e. whether it brought a soegonomic cost or benefibtthe country) was highly sensitive

to three variables in the calculation:

the total effect of the bonusnalus scheme in reducing emissions;

the opportunity cost for public funds;

the price elasticity of driving, per kilometre.

O« O« O«

According to the value othese variables, the total sociatonomic impact of the scheme can change
from positive (a benefit to society) to negative (a cost to socigfyjure 59 summarises the effect of
modifying these variables (variation 1 and 2) on the total secionomic otcome of the scheme.

Figure 5.9: Sensitivity of the soctalconomic costbenefit analysis of the Frencécopastille
scheme

Variable Reference Net result Variation 1| Net result| Variation 2 Net result

Effect of 50% -17 40% -34 60% 0
the bonus
malus
scheme in
reducing
emissions

Opportunity | 1.30 -17 1.10 71 1.50 -105
cost for
public funds

Price -0.20 -17 -0.10 140 -0.30 -80
elasticity of
driving, per
kilometre
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From a purely environmental perspective, the authoosiclude that the scheme prevented the emission

of 1.6 MT C@and included a rebound of 20% (equivalent to the price elasticity of driving, per kilometre).
This study demonstrates the challenge which is inherent to all economic analysis, including those
analyses which seek to identify and quantify the rebound effect. The studies are often very sensitive to
variables which cannot be known precisely. That said, various approaches can be taken to overcome
these limitations which are inherent to the reboundexif topic 6ee Sectiod.4).

5.9 CASE: MOBILE DATAAHRIC

While the rebound effect is generally associated with an increase in consumption due to an increase in
efficiency and the accompanying decrease in price, it can also occur due to changes in o#ides:ari
This example shows how a technological advamwekich changes how much time is required to
accomplish a particular tas&an significantly affect the overall energy consumption levels.

As an example, the UMTS (3G) mobile data transfer technalsgg, in millions of mobile devices in the

9! Aa ofS (G2 FTOKAS@GS t26SN)/hi SYAaaAirzya FT2NJ
older GSM (2G) technology. This is because the data transfer rates of UMTS are so much faster than
those of GBM, and hence the transceivers in the device and the base station need be activated for a
shorter amount of time in order to transfer a given quantity of data. These faster transfer rates result in
higher quality voice calls for consumers and increasedudppities to consume multimedia content.

This gain in efficiency is, howeveompensated for by UMTS users increasing their data consumption. As

the data transfer rates of UMTS are three times that of GSM, and assuming a constant usage time per
user (wheh is unlikely, as explained below), Faist et al. 2004 calculated that the UMTS system will result

in an increase in energy use by a factor of 2.4. Given that the UMTS system is 30% more energy efficient
than GSM per unit of data transferred, this increas¢he transfer rate can be understood as a rebound

of a factor of 8 (8 = 2.4/0.3). In other words, rather than the 30% decrease in energy consumption which
may be expected from the netechnology, the fact that the technology allows for faster data tfans

NEBadzZ G§a Ay I wHnmE: AYONBFraS Ay SySNHe O2yadzYLIWiAzZy
NBEo2dzy RQ® CdzNII KSNE 3 A IS gpplicatioss, stich asiisBddinirig lvideb, batdde y & F &
possible. This leads to a significant irage in the time spent using the device and therefore the total
guantity of data transferred increases greatly relative to typical levels of usage under the GSM
technology, contributing to an even stronger rebound.

5.10 CASEPAPERLESS OFFICEX |

Before the advent of Personal Computers (PCs), producing a professional typewritten document was
time consuming and expensive. Ase number of computers with internet access and scanners

increased there was widespreadype that we would no longer needaper and the "paperless office"

was presented as one of the great resource conserving aspects of technology (D&2@@8ziThe PC as

the modern form of a typewriterand, in particulat the PC used as a medium to accessasl and other

Internet service daeshave the potential to reduce paper consumptidfiewing onrscreenis substituted

for paper in many caseand there is also an optirsation effectaserrors can be corrected before text

or picture is printed for the first time. However, these possteffects aresubstantiallyoffset because
G2RIFI&8Q& t/4 FyR LINAYGSN) §80Ky2t238 Syloft$ G(KS dzi
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clicks (and at relatively low cost). ThereforaverallICT contributes to an increase of paper consumption
(Hity/Ruddy, undated ;Schneidewind et al, 200®Dne contribution to this increased consumptiga
direct rebound effect, due to technical efficiency gains (Hilty/Ruddy, undated) pnonadgain in time

and money given that printing is very quick and @peto achieve The time aspect is critical as the
reduced time for printing allows consumers to use the time for additional activities, be it additional
printing or other activities with environmental impacts (Schneidewind et al, 2002). Similar to the
housshold appliances case, this highlights the fact that technical solutions for environmental
improvementshould not be considered in isolation from behavioural trends.

! Paper consumption was found to be a significant environmental impact of office imaging equiipnties EU Energy Using Products
Preparatory Study (IZM, 2008). This did not look at the role of rebound effects, only the significant environmental intbpotertial for
improvement.
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6. MEASURESAND CASE EXAMPLE®R TACKLING

REBOUND EFFECT

Based on the evidence review dastakeholderinput, this sectiordescribesevidence based measures
identified to account for or, in theory counteractthe rebound effect in products/services or SCP
interventions in order to reduce environmental impacts from consumption. These are illustrated with
case exampleswhere available to show how they can address rebound effeaButside of the UK
already recognising andccounting for the rebound effect in energy efficiency policy evaluation and
design, no examples of measures to counteract rebound were identified that had been implemented
with results to show how they had actually impacted the rebound effect. The measung examples
identified in the evidence are proposddr addressing rebound with some indicating the likely value
howeverthey requirefurther testingin practice

The measureglentified and analysedre outlined under the following key categories
Design, Evaluation & Performance of Policy Instruments

Sustainable Lifestyles & Consumer Behaviour

Awareness Raising & Education in Business

Technology & Innovation

Fiscal Instruments

Mixed Instruments

New Business Models.

=A =4 =4 4 -4 4

6.1 DESIGN, EVALUATIONERFORANCE OF POLICY INRBMENTS

6.1.1RECOGNITION IN POLICY DEVELOPMENT & EVALUATION

Recognising the rebound effect in relevant cases, and accounting for the reduction in environmental
performance that results, is a key first step. The UK government irckdé% reduction in all energy
savings from insulation measures in the home to account for the direct rebound effect . This case
example is summarised below.

CASE EXAMPLE: UK government acceptance and incorporation of direct rebound effect in |
policies relating to home insulation

The UK electricity and gas industries were privatised in the 1990s and a subsequent obligat|
placed upon them to impra/the energy efficiency of the domestic sector. This obligation has

implemented over the intervening years through a series of programmes. For example, the

Efficiency Standards of Performance (EEodrammes were in force from 192D02; hey were
then replaced by the Energy Efficiency Commitments (EEC) 1&2 which lasted until 2008. T|
recent incarnation of this policy measure has been known as the Carbon Emiss@muction
programme (CERT).
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The programmes achieved energy savirgsnarily through the insulating of existing hom
(retrofit) at a reduced cost to the consumer. The two most common insulating measures we
insulation and cavity wall insulation. The expected energy and carbon savings (by which the
of these programmes have been measured) were calculated using the BRE Domestic Energ
(BREDEM) [BRE 1985], a method consistent with European Standard EN832 and widely us
UK for modelling energy heat demand in the home. BREDEM uses a mixturalydicanand
empirical techniques. Savings for individual measures were calculated from a standard
bedroom semidetached home f{te most common home in the UK).

In the past, it has been noted that the maximum theoretical improvement of thermabpagnce
due to insulation measures has not been achieved in-lifsakituations, hence the correspondir
calculatedreductions in energy consumption not achieved. And indeed policy measures in tt
for example the Climate Change Programme and theE&gtammeshave taken this into accour|
through the use of a reduction factorHowever, theexact reasons behinthis reduced efficiency
were unclear. A study by Sanders and Phillipson (2006) reviewed a number of studies i
differences in measurednd theoretical savings in installddsulation measures and clarified

number of areas of uncertainty. Sanders and Phillipson concluded that, previously, the termi
used surrounding the terms rebound, comfaakking and reductin factor were usednitermittently

G2 YSIYy RAFTFSNByd GKAy3Iao h¥diSy GKS G2i
all G NRA 6 dzil SR (i 2 however YSargiedsiandiPhillipsoyi 8uliied a useful, clear terminc
that explained the differencesdtween these ditinct terms.

1 Reduction factor the amount by which the measured energy saving following refurbishme
less than predicted from theory

1 Comfort factor- the part of the reduction factor which can be identified as being caused thr¢
improved(increasel) internal temperatures (through behavioural changes)

1 Other factors- the part of the reduction factor which is not explained by the comfort factor

The review of thirteen studies into various elements of insulation measures came to iy

conclusons. Generally:

9 The figures suggest that the reduction factor can be approximately 50% of the theol
expected energy saving, and
 15%ofthereductionisd (2 SELX AOAG W/ 2Y¥F2NI GF 1 Ay3

These figures are rounded estimates from the previstuslies and as such should not be conside
precise values for any individual dwelling. Instead they should be considered as typical for
that have had their thermal performance enhanced by typicalydnd cavity wall insulation.

For each subgpient UK energy efficiency programme, the sasifug each insulating (and othel
measure are reviewed and recalculated under the auspices of OFGEM (Office of Gas and E
Markets) and Defra/DECC. In 2008 for the launch of the Carbon Emissioridgteguogramme
(CERT) the government and OFGEM, in consultation with other stakeholders such as the
Saving Trust and BRE, took the decision to reduce the theoretically modelled savings for all in
AyadzZ | G§A2y YSI &adzNB & Yore Naip i | d 2 yIEI@O0 BdgyA (0 KT KNJ
to exist over the intervening year@artin & Watson 2006; Henderson, Staniaszek et al, 2003
addition, the Energy Saving Tru$toreman, 201)) also in recognition of the rebound effect ¢
comfort-taking, has decreased the energy savings per insulating measure, and hence cosi
advice per measure, it gives to consumers in line with official governmental policy in thiO&€a
2010.
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In conclusion, for the UK, the existence of a direct reglmbeffectthrough insulationmeasureshas
been proven to exist and accepted by governmental agencies to the point that the effice
existing carborreducing policies have been downgraded by 15% refigehe reatlife occurrence
of comforttaking. Futher, the DECCValuation of energy use and greenhouse gas emission
appraisal and evaluatiodune 2010 provides guidance and a spreadsheef toofacilitate taking
the rebound effect into account ipolicies that save energy (such as insulatioejluce energy bills
and increase consumers disposable income, which may in turn lead to greater consump
energy through the rebound effect (DECC, 2010). In accounting for the direct rebound ef
evaluations it recommends:

1 Only the resource andmission savings of the net reduction in energy which results from
energy saving policy should be valued

1 The welfare derived from thelirect rebound related increased energy use should be counte
a social benefit within the appraisdhenvaluingthis the full retail price (including tax) shou
be used. This is based on the assumption that consumers are willing to pay at least the fu
price for the welfare they gain from the increased energy use.anexample, if an energ
efficiency meaure has the technical potential to reduce energy consumption by 100 units
f SIS GKS tS@St 2F aO2YTF2NIé dzy OKI yISR:
by 40 units, then the rebound effect amounts to 60 units of energy and the net charyergy
use is 40 units of energy. These 40 units are valued in accordance with the rest of this gu
accounting for resource cost and emissions savings. The 60 units are valued at the fu
LINAOSS & | 4SSt FI NB 20GHONHAGD ORMS/dY 3 yHAGAmG
6.1 a screen shot of the spreadsheet todhe rebound effect can be entered either as
percentage of the gross change in energy or as an absolute quantity.

Figure 6.1: DECC GHG Emissions evaluation taspkéadsheet (Source: DECC, 2010)

A B M N 0 P aQ R S

Changes in : al . A,
Energy Use o As ptions 4 y
CLICK TO CLEAR ALL CLICK FOR HELP ON CLICK FOR HELP ON
CLICKTO GOBACK UNITS OF ENERGY REBOUND EFFECT I
5

(=)

“

Please enterthe 'change in energy use' for each sector and year from your policy scenario in the units shown. These chel
or DTT baseline and account for policy overlaps
5 Areduction in energy use compared to the baseline (an energy saving) should be noted as a negative figure. An increasq
All energy figures should relate to the gross calorific value of the relevant fuel  Elecinaity use should be entered interms of
and distribution losses)
Forhelp on energy units or on the rebound effect, please click the relevant button above.

[ TRADED
1 Electricity 2012
(g Net Change - Domestic
|k} Net Change - Commercial
1E8 Net Change - Industiial

2014

2013

£} Direct Rebound - Domestic 0% 0% 0% % % % 0% 0%
{[:} Direct Rebound - Commercial 0% 0% 0% % % % 0% 0%
il Direct Rebound - Industrial 0% 0% 0% % % % 0% 0%
{[:} Direct Rebound - Domestic a 0 0 0
{18 Direct Rebound - Commercial a 0 0 0
b1l Direct Rebound - Industrial q 0 0 0

Gas 2012 2013 2014

Net Change - Domestic
2B Nt (Chanas - Commearcizl {GNR)

8 Spreadsheet tool can be downloaded frdttp://www.decc.gov.uk/ericontent/cms/statistics/analysts_group/analysts_group.aspx
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6.1.2CONSISTENT DEFINITIONSFOIDLKIFOR REBOUND EFFECTS IN SCP POLICY

Outside of energy efficiency related examples, definitions of the rebound effect are used inconsistently
in the evidence and this is a key source of confusidre identification and selection of fior-purpose
definitions, suitable metrics and a toolbox of measurement approaches will aid in advancing the
ongoing debate and arriving at effective and measurable policy that addresses rebound Ekdictisig

the rebound effect clearly, for different policies/interventions, to avoid confusion of what the rebound
effect is and its scope is essentiaA toolkit for incorporating rebound effect in policy design &
evaluation tools on a policy/intervention basisniseded. Consensusshould be builton a set indicators

that could be used by economists and policy makers to quantify rebound for energy and wider resource
policies and establish boundaries within ttiéferent criteria used to determine the size of te#ect.

Given the challenges inherent to accurately quantifying the rebound effect (see sedtibrend 4.5)
flexibility on measurement methods will be required.

As the measurement of the rebound effect requires modelling, selecting appropriate nmgdelli
approaches is essential to developing an accurate understanding of the rebound effect and constraining
factors. Additionally, as the results of models are only as reliable as their inputs and the underlying
structure of the model itself, it is also esgil to ensure that accurate data (in particular, time series
data) is collected across the economy, and especially in sectors which may be subject to policies aiming
to increase efficiency.

Research is ongoing in this field and the work of Barker].e2009 could be used as a starting point,
though it is focused on energy efficiency. This study uses akmstesian model E3MG which is a
sectoral macroeconomic model for the global economy which has been designed to assess options for
climate and energ policy and to allow for energgnvironmenteconomy interactions. The model is
highly disaggregated, including many different energy carriers, users and technologies, as well as
production sectors and world regions. Importantly, it is not an equilibriuodeh Each sector in each
region is assumed to follow a different pattern of behaviour within an overall theoretical structure. In
order to estimate the rebound effect, scenarios with and without energy efficiency policies are
compared.

The modelling of on-energy resources is complicated by the additional challenges in quantifying the
consumption of these resources. To date, nearly all modelling of the rebound effect has focused on
energy. Evaluating how such approaches could be applied teenergy resarces is therefore an
important area of study.

Improvements to data and measurements include:

1 Accurate measurement of direct rebound effects depends on good time series data on the
consumption and cost of energy services. This is lacking for most @synéectors and services
Sorrell, 2010).

1 Indirect rebound effects from behavioural changes or energy efficiency improvements by households
can be estimated through a combination of econometric analysis of household behaviour and input
output modelling ofthe embodied energy of goods and services. There is considerable potential to
improve the accuracy of estimates in this area (Druckman et al, 2010)
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1 Economywide rebound effects should be modelled rather than estimated. Despite the limitations of
the various modelling tools, there is considerable scope for improving estimates and our
understanding of the relative importance of different mechanisms (Barker et al, 2009).

1 In analysing energy consumption trends and rebound magnitudes, the inclusioeasired,
flexible cost/production functions and use aheasuredtechnology gains fowrll factors of
productionis necessar{Saunders, 2010).

1 In CGE models, the responsiveness of direct and indirect demand to changes in the implicit price of
energy and kndcon effects on othr prices is key (Turner, 2010).

1 Rebound measurement depends on how energy supply and demand behaviour, price responsiveness
throughout the system etc. are specified. Research is requiredcléarly determine these
specification issues.

1 Analytical models should include behavioural issues e.g. irrational or habitual behaviours and
imperfect information. This is already feasible (Turner et al, 2009).

6.1.3 WATEROLICAND REBOUND EFFECTS

For resource policies beyond energy e.g. water where rebound effects are not well investigated at all,
being clear on what the rebound effect is and differentiating it from perverse /unintended
environmental outcomes is important given the status of theitoThe case example below illustrates
how well intended suggestedwater saving measures in the UK Code for Sustainable Homags
actually hae perverse / unintended consequences of increasing wata,as well asncreasingenergy
consumption due to iman behaviourThis is nonecessarilyan official, evidence based example of the
rebound effect but hasthe same effect driven by too low water flow and recycling technologies. It
O2dzZ R 60S O2yaARSNBR WNXO02dzy R likKeliBedzs for liphting @badnd 2 y Q
effects) where consumers revert to higher use products as a resutisshtisfaction with the water
saving technologs employed It is included as an example for consideration, in particular for
highlighting how considang the potential for rebound/unintended consequencesrly in policy
developmentcan prevent these outcomess well as for considering how the rebound effect can be
defined in terms of water efficiency measur&takeholdersalsosuggestedechnologicabdvancese.g.

new irrigation technologies which allow expansion of agriculture into drier regamgdd be an example

of rebound effects in watebut no evidence was found to demonstrate this to date

DG Environment are planning to include rebounceetf as one part of identifying issues/gaps within
the framework of the review of the policy on water scarcity and droughts assessment. In particular this
will include identifying whaEU wide measures/policy options could be introducedcerning water
efficiency in buildings. As part of this there are plans to explore potential examples of unintended
consequences of water saving measures which could have similar outcomes to a rebourfd Effisct

can be used as an opportunity to measure water efficyerabound effects.

9 Personal communication Andrea Name, DG Environment, Protection of Water Environment (D1) (Dec.2010)
with details on the review of water policy http://ec.europa.eu/environment/water/quantity/scarcity en.htm
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CASE EXAMPLE: UKHOMES ! ¢ 9w {! +LbD¢ Latwhz9a9b¢{ L
WITHIN THE UK CODE FOR SUSTAINABLE HOMES

The Code for Sustainable Homes (TEHCLG, 20073 an environmental impact assessment rati
scheme for homes that complemenand goes further thanthe mandatory Building Regulations
England and Wales. It was introduced in England in 2007. The Code goes beyond the n
needed to comply witlthe Regulations and has a star rating systefhfar environmental efficiency
(although a zero rating is available). In March 2008, the Govt announced that every new hon
would be rated against the standard, even if that rating came out as zeoosp8kific requiremeny
was set, but the rating wilinform home buyers to whether their new home was built to ba
standards(i.e. UK Building Regulation standamt) has had additional environmental efficienc]
standards included.

The Code awards new h@w a far rating between 1 and 6Where 1 is entry level above Buildi
Regulations and 6 shows best practice products and efficiencies have been included. Thel
sustainability criteria that performance is based on, and these are combined to lggveverall
rating:

energy and C£emissions

water and runoff

materials

waste

pollution

health and weHlbeing

management

ecology

v vy D

The CSH makes water efficiency a core and compulsory criterion which cannot be traded

other measures. However, the wan which water is rated under the CSH makes it possible
designers to make watdlliterate choices whichcould actually increase the use of water (al
carbon) in some products/appliancealthough carbon emissions from watare only 0.6% of total
UK C@emissions, this rises to 5% when domestic hot wateissionsare taken into accouniGreen
Building magazine2008. Therefore it is important that hot water consumption should

minimised in homes.

The CSH currently makes use of a water caloutatwork out what measures are needed to enst
compliance with various levels of the code. Ther@athe problem with water efficiency and th
Code. The calculator currently makes compliance with certain grades impossible without ins
fittings thatmay prove unacceptable to users (mainly due to the unfeasibly low flow rates requ
e.g. 1.7 litres/min for spray taps in kitcheare required for meeting higher code levels, howeve
has beenseen that stakeholders will not accept productighaflow rates of less than 8 litres/min]
The installation of too lowilow rate products/appliances will result in disillusionment from us
and the tendency to remove the loflow appliances and replace with much higher floate
models, hence resultnin a much higher water/energy use than would be calculated for the
star awardedGreen building magazine, 2008
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6.1.4INCORPORATING REBOUND IN LCA AND USE OF HOUSEHOLD EXPENDITURE DATA

Life Cycle Assessment (LCA) is a tool for measuring the environmental impacts across the lifecycle of
products and serviceg\ Carbon Footprint is the GHG emissions sub set of LCA. These are powerful SCP
business and policy tools, but traditional approaches do not incorporate the rebound effect. In
conducting an LCA of a more efficient technology, it is assumed that all othiablear including the
demand, remain unchanged (call#lae ceteris paribusassumption). For example, an LCA of a product
assesses the environmental impact per unit of function provided all other aspects remain unchanged.
Evidence suggests that rebound carS A Y O2N1LER2 NI} 4SR A Y [/ o0& NBLIX
FdadzyYLliA2yé OdzNNByGdte AyOfdzRSR Ay GNIRAGAZYI [ /
allowing for stepwise systemic inclusion of rebound (Girod et al, 2009). To enable this, a hybrid
combination of LCA, General Equilibrium Modelling (GEM) and consumer expenditure surveys has been
proposed and was trialled during a Swiss study on rebound effects associated with hybrid cars (Ekvall,
2002, Girod et al, 2009). Equilibrium Modelling isadseused in energy modelling and can incorporate

the effects of increased demand across a product lifecycle depending on price changes, substitution etc.
Hybrid combinations of GEM and LCA have already been used in energy modelling incorporating rebound
measurement for coal in an ongoing CIRAIS€udy (Dandres et al, 2010) and show a promising new
approach. In particular this showed thatgeneral equilibrium macroeconomic model can be used to
simulate world markets behaviour and LCA used to assess enwraahimpacts attributed to markets
behaviour. Consequential LCA (which assesses the effects of changes in the lifecyths) mwore
traditional attributional LCA (which assesses the environmental properties of the lifecycle and associated
sub systems) as used in both the Swiss and Canadian studies. However, guidance and use of
consequential LCA is still limit@dpractice

The study measured the rebound effectassociated with household consumption of hybrid cars in
Switzerland in light of governemt subsidies for hybrids being made availafilae hybrid modeland in
particular, the Household Expenditure Survey data was found to be an accurate measure for direct and
indirect rebound effects. The study concluded that the Survey data is curterdbrutilised in the EU,

even in Member States when Household Expenditure Surveys exist. It shovismpawing questions on
household expenditure though Household Expenditure Surveys can facilitate a more accurate
understanding of the direct and indirestbound effect that could be used to inform policy development
and performance monitoring ( Girod et al, 2009; Girod and Haan, 2009). The model and data proposed
could facilitate policy design by anticipating rebound effects more accurately at the asséssape.

6.2SUSTAINABLE LIFEEBY& CONSUMER BEHAWR

In order to understand and counteract the rebound effect, and to promote a fully sustainable lifestyle,
human behaviour and consumption patterns need to be taken into acc(iefra, 2007;,UNEP, 2010,

EEA, 2010 There are multiple ways to influence consumer behaviour and to promote sustainable
fATSatetsSa AyOtdzRAy3dI Ot SFENIe& R20dzySyidAy3a |yR Ay
NI AaAy3¢ 0> ISYSNIf || g NBY Ssisettingliprod enylr@gmentyllR relavein® 2 NI |
product publicity standards and associating positive feelings with certain products or activities.

10 CIRAIG is the Interuniversity Research Centre for the Life Cycle of Products, Processes and Services, Montreal, Canada.
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are targetal on single issues, such as reducing car driving, saving energy in offices or private residences,
consuming organic food, etc. In general, these awareness campaigns aim at improving efficiency and do
not address absolutely reducing consumpti@oncerningthe rebound effect, consumers need to be
made awarethat buying energyefficient equipment or driving fuetfficient cars in itself is not enough

but overall (absolute) reduction of resources/energy/fuels needs to be attailbdre are a few tools

that aim at reducing absolute consumption even though these tools are rarely originally set up to
expressly counteract a direct rebound effect. There were no public or private initiatives identified that
are specifically designed to counteract any indirect ornecoy-wide rebound effects. The approaches
include growing economic philosophical movements focusing on limiting growth, consumption and
identifying national indicators beyond GDP growth to measure social wellbeing such as seen at present in
the UK and Frate. In the following examples, the most important empirical approaches are outlined to
limit rebound effects through behaviour change towards sustainable lifestyles.

6.2.1 INFORMINGONSUMER BEHAVIOUR IN ORDER TO INFLUENCE IT

People tend to consume moref things they like (e.g. fuels to keep their home even warmer than it
needs to be) if they are not aware of their total consumption. For example, if the billing of energy was
more transparent or people knew instantly what they consume every day, anchahveost, such a
feedback would likely motivate them to reduce nressential energy use (Dimitropoulos, 2009). As a
consequence, people should be confronted with their individual consumption patterns and thus be
motivated to reduce the absolute consumpti@f energy and wider resources. This would require them
to be informed on the totality of their consumption and/or to set a benchmark of consumption which
they could compare to.

SMART BILLING/SMART METERING OF ELECTRICITY

According to findings byparby (2006) in the longer term and on a larger sc8RIART meter, clear
displays,informative billing and annual energy reports can promote investment as well as influgncing
behaviour.Energy avings have been showia be about5-15%for direct feedback via tnSMARTneter
or an associated display monitor anell0% for indirect feedback which hagen processed before |t
reached the user, normally energy and electricity billgight et al. (2000) saystier billing feedback
produced savings of up to 10%slectrically heated homes in cold climates, mainly using simple manual
methods.Homes without electric heating could reachezgy savingbetweenO - 5%range.

Two separate Norwegian studies focused on the effects of various forms of enhanced bilintpirgn
2y GKS O2yadzYLliaAzy 2F OdzaAaG2YSNAR akK2g OGKFG GKAA&
use energy efficiently. One study analysed the use of electricity bills and tested the eft@rslodwing
a comparison between current consumpti@nd that in previous year$2) more frequent billing (e.g
every 60 days) an(B) using graphs on the bill. The study shows thidthese changes tended to produce
average energy savings of 10% which wex@ntainedonce they had beemeachedfor the first year
(Wright et al 2000SMWG 2001).

The second Norwegian study tested the effects of enhanced billing informaftoa customers (sample
size 2000 households) read their own meters every 60 days and sent the data to the utility company.
After a yea the customer got a clear bill with the energy consumption over the y&he resultshowed
consumer satisfactionwith the information supplied and an increase in the number of those who
reduced room temperature at night or when they left the house. $hme households were surveyed
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again, two years later, and the results showed a decrease on energy consumption in these households by
around 4%. During the same period general residential consumption had increased by around 4%| so that
the sample househoklhad effectively made savings of 8% (Wright et al 2000, SMWG 2001).

A specific campaigras been undertaken by th@erman green electricity compang [ A OKG 6t A O1 é =
on the notion that the most environmentally friendly electricity is electricity tlsabdt consumed at all.
Lichtblick offered to pay customers a bonus if they absolutely reduce energy consumption. If customers
succeed in reducing electricity consumption by 10% within 12 months (compared to the electricity| bill of
the proceeding year), lici 6 f AO1 LIl &a | a&a[Saa Aa Y2NBé .|2ydza
awareness raising with a small subsidy (Lichtblick, 2010). As a general policy, Lichtblick always|includes
average consumption data for a specific type of household in order to enablucwrs to compare
themselves to the average.

While the approaches mentioned above are principally suited to tackle any direct rebound effects, it is
also important to make people aware of amglirect reboundeffects arising when one environmentally
harmful activity is reduced and, in turn, other potentially damaging environmentally activities are taken
up. Thus, care needs to be taken to prevent a rebound effect in which people spend the money they
have savedfrom e.g. using less energy or fuels, on other, {agtbon purchases, like additional flights.

UK study showed estimated indirect rebound effects of around 34 % for three GHG abatement actions
advocated on websites to consumers by the UK governmestiucing the thermostat by 1C, reducing
food purchased by one third to reduce food waste and walking/cycling for two trips less than two miles
vs. driving. A best case mitigation strategy was estimated to reduceéntlirect rebound effecto 12%

by ercouraging householders to shift consumption patterns to lower GHG intensive categories and to
invest in low carbon investments vs. consuming (Druckman et al, 2010)

Communications and campaigns that draw attention to indirect rebound effects could ra@®@ess.

For example, communications that use humour and satire could mock and highlight the perverse effects
of replacing certain high carbon choices with other high carbon choices (IPPR, 2009). An important key
to preventing any indirect rebound effexis to promote wider sustainable lifestyles that encompass all
relevant areas of life. Consumers should be called upon to assess the environmental burden of all their
activities and try to reduce their absolute environmental impact.

In turn, advocatinga shiftfrom increased growth and consumption promote an absolute reduction of
production and consumption by changing fundamental aspects of the current social and economic
system. There is a growing recognition of the causal link between measuring a&dbdccess by

increased growth using GP&nhd increasing consumptigiMaxwell, 2006, Jackson, 2009, NEF, 2030)

few countries are now working on defining indicators beyond GDP to measure success relating to natural
and social capital e.g. the neguality of life measures covering environmental and sustainability issues,

as well as economic performance (ONS, 28I0) CNJ y O0SQa { A3t AGT NBLR NI NI
used just to measure market activity and that new systems take into account emertal health,

safety and educatior what Bhutan already calls "Gross National Happiness." (Stiglitz,’2099cent

NBL2Z2 NI &t NPALISNRGE dstedrifg2idziecorDMi@ sysiekh sawaly Rogh ahsuin@idn

11 ) . . L
http://www.ons.gov.uk/about/consultations/measuringationatwell-being/index.html
12 hitp://www.france24.com/en/20090914rance-advocatesnew-waysmeasuregrowth-basedwell-beinggdp-stiglitzreport-nobeleconomics
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driven economic growth while keepingéheconomy stable and resilient (Jacks@A0% & 2009. It
highlights that simple decoupling of resource use from economic growth cannot be the primary long
term concept of a sustainable economy because the projected population growth would require an
enomous extent of absolute decoupling if we want to be sustainable and stick with economic growth of
2%. Achieving this extent of decoupling would also be very capital intensive. Instead it is suggested that
macra-economics needs to be adapted to sustainghillhe sheer concept of consumerism would need

to be given up in favour of more sustainable lifestyles focusing much more on immaterial values. This
would require structural changes to motivate these lifestyles, e.g. the wage structures would need to
reflect the social or environmental contribution of a job (e.g. care for children, the elderly) and not only
reward competitive or materialistic outcomes. Another vital aspect would be increased investment in
public goods and social infrastructure. In shogywnmacreS 02 y 2 Y A Caband6dzheipresudiption

of growth in material consumption as the basis for economic stability. It will have to be ecologically and
socially literate, ending the folly of separating economy from society and environment. And it must
consist in two main avenues. The first is to dismantle the perverse incentives for unproductive status
competition. The second must be to establish new structures that provide capabilities for people to
flourish ¢ and in particular to participate meaningfy and creatively in the life of societyin less
materialistic ways 6 WL 2000)a 2 v

Further initiatives on this topidrom think tanks and researcimclude fromda 5 S 3 N2, in(Ffasce
(Degrowth, 2010) and New Economics Foundatioi (NEF, 2010)TK SDegrowthY 2 @3SY Sy (¢ KI
political, economic and socialttributes. Degrowththinkers and activistpromote the downscaling of
production and consumptigrasthey viewoverconsumptiorto be the root ofenvironmental issues and

social inequalitiesWhile the model "Sustainable Development" aims to incorporate environmental
sustainability into continued economic growth, "geowth" is critical of furtheigrowth in the face of a

stressed ecosystemadvocating significant reductions in resource consumption and limits to economic
development (Rose, 201ome demands of the degrowth movement sound utopian in light of current,
realworld systems and would needrther consideration to enable practical application.

6.2.2APPROACHES TBVERAGBEHAVIOURHANGE

There are psychological limits to the effectiveness of awareness raising and simple information
campaigns, when compared to alternative methods of l@agn(Jackson, 2005). Lack of consumer
information is only one of the barriers to sustainable consumption. High valuing of a service might make
the consumer resistant to any campaigns, as well as to any moderate price rises of the service employed
to try to curb consumption. Awareness is, thus, only part of the solution, given that consumers do not
make totally rational consumption choices. Many awareneasing and information initiatives
underestimate the complexity associated with achieving behaviarahge. Behaviour is determined by

I GNAOK YAEGAINBE 2F Odzf GdzNF £ LINF OGAOSaz az20Aalf Ay
2F AYRAGARdzZrf asx az2O0Alf ANRdzLJA YR AyadAalddzirAzyao
Y 2 R Sd ndis€aken, or at best, incomplete given that it does not take into account social pressures and
LA OK2f 23aA0Ft Ay TFfdzSyOSa 2y LIS2LX SQa 0SKI OA 2 dzNE
policies must find ways to tackle the question of haitl routine behaviours, and the social embeug

of individual behaviours (Jackson, 2005). In the following examples, different possible approaches are

13
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outlined to influence consumer behaviour even if they have not typically been specifically developed to
counter (mostly direct) rebound effects.

9 Productstandards ethical standards, technical standards

Standards can shape behaviour and habits when they form a framework for everyday activities and
phenomena, like publicity or technical activities sucthaating, car driving, laundry washing, etc. For
example, publicity standards for advertising goods could include certain marketing rules that include
information on environmental impact of a product or a service, including the energy and resource use of

I OSNIFAY 3I22R® ¢KAAa OFy KStLI G2 FGdNXrOG GKS O
technical standards can help shape habits or overcome environmentally harmful habits. For example,
automatic heating systems can be programmed to automatidaify down at nighttime and adapt
themselves automatically to the exterior temperature without the intervention of the consumer
(Biermayr/Schriefl, 2005). Such automatic programming should take into consideration the human need
for comfort but should restct comfort to the necessary, thereby helping consumers lose the habit of
unnecessary overheating. Thereby, absolute consumption of fuels and other resources can be attained.
¢KS &A0FYyRFENRAAIFIGAZY 2F GSIOKAyYy 3 daradeNd&\6f the NJe @A y 3 ¢
0KSaS 3INBSY RNAGAYy3I GSOKyAldzSa Ay o6SAy3a AN yGaSR
behaviours from the beginning. Such training could potentially also be used to absolutely reduce vehicle
mileage, e.g. by teachingeople to do without short car journeys that could be replaced in a practical

way by walking or cycling. In order to demonstrate the lack of necessity of these short journeys, it would

be helpful to demonstrate the environmental impact of short car jousieg disproportionate to the
convenience of taking the car.

9 Positive example ofale Models

Role models for consumers froother sectors such asusiness, government, schools and other social
linkages are a route for transferring pro environmental behavidDIEFRA, 20073ome examples of this
are outlined below.

o Employersare an important social reference groupnd can be modslfor certain sistainable
behaviour at the work place, e.g. with regard to the control of heating standezdalation SMART
metering),andwaste management/reduction. Any sueltions havehe potential of translating into
sustainable behaviours of the employees att@ One major instrument to accustom employees to
environmentally sound behaviour can be via the introduction of Environmental Management
Systems directed at the management of the workplace, e.g. monitoring the use of energy and the
production of wastawith the aim to absolutely reduce consumption of energy and waste production
Public Authorities and institutions (inter alia schoat®ed to be mode in their environmental
behaviour As suchthey haveto focus on visible Environmental Management Systemasitoring
energy and resource consumption in public buildingsning to absolutely reduce energy and
resource consumptionPublic authorities should also make the most of green public procurement
with the aim to reduce consumption of resources and energy

0 Opinion leaders:The socialsymbolic roleof consumer goods and services occupies an important
NREfS Ay Y2RSNYy O02yOSLIidzr t Aal GA202FDSRIRQPGALSESNY
and services (e.g. holiday destinations, bigger cars)aiaynportant role inthe process of idetity
construction. This is one of the key elements in the sociology and psychology of consumption. The

European Commission DG E 63
Addressing the Rebound Effe(



Peco

vGlobal View 1Y,
Moo

S|Sustainability Services o _ b Intelligence
in association with IO

Service

ARSI OKFG YFGSNAIf 322R&a FFNB Iftaz LJ- NJi
patterns closely to individual and collective processesid&ntity constructionis key As a
consequence, the sociaymbolic roles of consumer goods need to balefined according to their

2F 0

environmental impact. In order to do this, opinion leaders and popular figures in society should be
persuadedo promote alifestyle and goods and servigaghich feature a low environmental impact.

As such, the Toyota Prius was taken up by Hollywood celebrities as a real environmental innovation
with cool design that would also fit normal users, thus the product was defisealso acceptable to

the mainstreant Such activities could be extended to promote absolute reduction of consumption

of energy, etc.

1 Behaviourinfluencing initiatives as an effective complementary strategy
Persuasion is a form of social influence. Ithie process of guiding oneself or another towsuttie

adoption of an idea, attitude, or action by rational and symbolic (though not always logical) means.

Persuasions particularly difficult in a messagkense environmentJackson, 2005 Effective persusion
relies on observing a number of basic principles. These include:

0 understanding the target audience;
using emotional and imaginative appgal
immediacy and directness;
commitments/loyalty schemes;
usngWNB G NA S@If OdzSaQ

O O O O

G2

MASS MEDIA CAMPAIGNSEALTH

In health promotion and disease preventianass media campaigns are one of the majdormation
tools which have the aimo increase healthier behawo in the population.Advantages are the wid
reach and coseffectiveness of these campaigns. A matalysis of 48 studies of the behavioral effect
massmedia health campaigns found that 9% more people performed the healthy behaviour aft¢
campaign than before (Snyd2001).

A Norwegian study (Hafsta@t al. 1996) showed a successful example for ansamtiking mass medi
campaign. Theéhree-week campaign consisted of full page newspaper advertisements, a poster af
and cinema spa The messages of this campaigare designed to produce dissonance. They cle
pointed out inconsistencies between widespread attitudes in the target populatiortherone hand,

and smokingon the otherhand A questionnaire was sent to 5051 young pegpémswered by73%
showing that12% of smokershad decidedto quit smoking because of the campaign. The resalte
showed that discussion with peersvas the most importanttrigger for behaviouralchangesamong
smokers

The examples from the health sector show mass media campaigngead to a longime behaviar
change and could also be used as tool, e.g. for the energy sector, to counteract rebound
Measures with the ainof reducing energy consumptiocould be accompanied by a campaign W
energy saving tipso drive energyreduction behavior. But the success of the mass media camp;
depends on a number of design considerations. Randolph and Viswanath (2004) identify the fo
factors that contribute to the success mass media campaigns for public health, which oahead
transferred to the energyr resourcesector. Campaign messages should be simple and straightfory

1%}

of

or the

nd TV
arly

effect.
ith
aigns
llowing
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It is importantto have creative campaign messages and the right placement for the specific target

14 http://www.allabouthybridcars.com/hollywooehybrids.htm
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The integration of profession@ommunication services enhances the probability of campaign success.

And the campaigns can be more successful when they are accompanied by structural change

same time that provide the structure for the target audience to act on the recommendedagess

Hafstadt et al (1996) points out that a discussion about the topic with other people for example fro
peer group increases the success.

SAFE DRIVING CAMPAIGN ROAD SAFETY

In the UK, theTHINK! campaign for road safety was established in 2000. The starting point was
government target for reduction of road deaths and serious injuries by 40 % in 2010 compared

average in 19948. The goal was improvement obad user behavior ah higher acceptance df

engineering and enforcement initiatives which would increase road safety. Parallel to the cantpei
UK Road Safety Act 2006 was adopted. The law regulates various road safety topics, like Drin
and Speeding. As one instrumetite law includes higher sentences by road deaths and higher pen
for the use of hanéheld mobile phones durindriving.

The campaign supported activities of local authorities and targeted the activation of actions

s at the

m the

the UK
to the

on

k Driving
alties

n the

private sector. For the campaign clear specific messages were used to reach the audience and to get the

media interestedin road safety.The campign used a mix of an emotionaiessagedo people and
delivered facts to increase the knowledge about road safety and the UK government targets. Di
media channels, like TV, radio, press etc. were included to target local authorities and priviate
companies. Sports sponsorship was involved to deliver the message to a wider aytlig&nbepartment
for Transport, 2011)

The evaluation which accompanied Think! shows that in 2009 48 % of the interviewed people
survey ecaled road safety adertising. 80 % remembered the Think! logo and half of the su
participants believed that the campaign helps to make sxsafer (Angle et al. 2009).

The statistical data for the UK shows a decrease of 44 % of killed or seriously injured people bt

road accidentsn 2009 26,906 peoplecompared to the average figure 1998 of 47,656 Kkilled or

seriously injurd. A similar result is shown, if reported cagies in road accidentsare considered
319,928 casutiks were registered for the average 1998, to 222,100 in 2009. The number
casudtiesdropped by 31 %{UK Department for Transport, 2010).
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6.3 AWARENESS RAISINGRBUCATION IN BUSIISES

A selection of misguided, albeit well intentioned, gremdvertising/messaging examples are outlined
below. These illustrate the importance of raising awareness and educating business and the media to

avoid these actors inadvertently causing an indirect rebound effect in consumers.

CASE EXAMPLE: MISLEADING GRE¥ERTISING/MESSAGING CAUSING REBOUND

Green advertising and communications has become very popular in recent years with a nun
large, multinational companies beginning to try to gain market advantage by advertising their
credentials and appeafi3 (2 -H EENESOP2 Yy & dzY SN 9EIl YLIX S35
{LISYOSNRna WwWtfly !'Q adGNraGdS3e yR . NAGAAK DI
the UK. However, there are classic examples of how companies get confusedraboutssaging
GKS& NB LINRBY2UAY3 FYR AYlIROSNISydate I RR

customers to indulge in environmentally damaging behaviours in one area whilst simultant

European Commission DG E 65
Addressing the Rebound Effe(



7Global View 1Y A
gL B in association with bl O & m

encouraging them to change their purchasing and behaal habits for the environmental good |
another. Three examples of this indirect rebound effect within advertising/communications
described below.

TescoW[ AFKGa F2NJ CEtATIKGAQ I RISNIAAAYT OF YLI }

This shorlived campaign (it was removed days aftaunch due to backlash from environment
commentators (Guardian, 2009) was promoting the environmental benefit of switching
incandescent light bulbs for new energy efficient Gfple bulbs (at this time in the UK th
government were phasing in a woitary ban on high wattage incandescent bulbs and a numbe
the major supermarkets were promoting the purchase of (heavily discounted) energy eff
lighting products). Unfortunately, their good intentions were negated by the juxtaposition o
off SNJ G2 SIFENYy WIAN aAfSQ LRAyGa GKNRdAdAK GKS
below.

TESCO | Zney ot el

. Turn lights
into fIights.

Earna £2,50 | Clubcard Voucher at Tesco and turn it into m Airmiles.

A simple calculation of the carbon saving from swapping from a 60 Watt light bulb to a 15 Wa
per year, is approximately 34kg @@ar (in ahigh use area, 4 hours per ddy The carbon used b
a single return flight LondonParis in economy class is approximately 60kg (DECC Act on CO2
The contradiction and potential consumer confusion inherent in any messaging that promott
the one hand, an environmentally friendly purchasing/behaviour change, but on the other, e(
promotes an arguably more damaging behaviour, is clear.

Ontario Power Authority-Wt 2 ¢ SNJ t £t SRISQ /I YLI A3y

An example from Canada that follows similar lines te Tfresco example previously. The Onte
Power Authority (OPA) was established by the Ontario government in 2004. It is responsi
ensuring a reliable, sustainable supply of electricity to Ontario. The OPA has set ambitious p
reduction in ekctricity demand. The reduction target included 75% of expected increase in de
up to the end of 2010 and was equal to taking 1 in 5 homes of the electricity grid. In 2(
launched a campaign (www.powerpledge.ca) with the support of WWF Canadeelpo tie
householders of Ontario reduce their energy bills through behavioural changes. Example!
types of actions that OPA were promoting were:

A buying Energy Star appliances

A 6SO02YAYy3 Y2NB Wil dzyRNE aAYIl NIQ

A getting a Home energy audit and followiregommendations

5 Calculation for light bulb savings: CO2 sawg4 = 240 x 365 = 85,000watts/year or 85 KW. 85 x 0.539 = 45 kg CO2/year. Versus 15x4=60 x
365 = 21900 watts/yea or 22 KW. 22 x .539 = 11 kg CO2/yr. Sawiigd: 484 kg CO2/year
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