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1. EXECUTIVE SUMMARY 
 

This is the final report of the Addressing the Rebound Effect project. The overall project objectives and 

tasks were: 

 

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 prevention and Sustainable Consumption and 

Production (SCP) (direct, indirect and economy wide) as well as wider international experiences.  

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

3. Develop guideline recommendations for addressing rebound in policy in order to achieve the 

maximum environmental benefit through these policies.  

 

This report documents the key findings from tasks 1- 3. A key focus of the project has been to identify 

SCP relevant, real world case examples that illustrate rebound effects and measures to counteract them.    

A summary of the project (1.1), findings from the State of the Art review (1.2) and key recommendations 

for addressing rebound effects in policy (1.3) are summarised below. 

 

1.1. PROJECT OVERVIEW 

 The Task 1 State of the Art review analysed key evidence literature sources and 44 expert stakeholder 

responses received, mainly through interviews supplemented with email responses (15 responses was 

the original target).  Key topics investigated include: 

 

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

¶ Accurate measurement of the rebound effect (direct, indirect and/or economy wide), limitations of 

current approaches and any improvements required. 

¶ Links between the rebound effect and other factors causing consumption e.g. pricing, income etc. 

¶ 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 irrelevant?  

¶ Case examples illustrating the rebound effect associated with resource, waste and SCP instruments. 

¶ Measures to address the rebound effect in environmental policy making and successful use of this 

already. 

  

The stakeholder questions and respondents are listed in Annex A and B  with their generic responses to 

the  topics in Annex C.  The evidence literature sources reviewed are in 8.0 References. Key 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 experts was that the project was welcomed, timely and the right 

questions being investigated. All these evidence sources were analysed to present the current status on 

rebound effect knowledge and practice as well as identifying twenty four case examples that illustrate 

the rebound effect for different products/services/SCP policies and/or measures for addressing it. 
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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 addressing rebound effects in policy. 

The report of the meeting is in Annex D. Overall, there is strong interest from stakeholders on this topic. 

 

1.2. KEY REBOUND EFFECT FINDINGS 

1.2.1 DEFINITIONS 

Our working definition and scope of the rebound effect is  increases in consumption 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 responses. This encompasses both 

price induced and mental /psychological rebound effects. The mental rebound effect is where a feel good 

perception of being άgreenέ encourages increased consumption for certain products where άgreenέ or 

lower impact options are readily available. Three types of price induced rebound effect are 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 ς where savings from efficiency cost reductions enable more income to 

be spent on other products and services.  

Both direct and indirect rebound effects are microeconomic.       

3. Economy wide Rebound Effect ς 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 evidence e.g. Jevons Paradox which are detailed in 

4.2.  

 

The magnitude of the rebound effect is typically expressed as the percentage of potential savings taken 

back from the maximum efficiency improvement expected.  

 

1.2.2. EXISTENCE AND SIGNIFICANCE 

¢ƘŜ ŜǾƛŘŜƴŎŜ ŀƴŘ ǎǘŀƪŜƘƻƭŘŜǊǎ ǎƘƻǿ ŎƭŜŀǊ ǊŜŎƻƎƴƛǘƛƻƴ ƻŦ ǘƘŜ ǊŜōƻǳƴŘ ŜŦŦŜŎǘΩǎ ŜȄƛǎǘŜƴŎŜΦ {ǘŀƪŜƘƻƭŘŜǊǎ 

advise that the question is not about whether rebound effects exist or not, but to what level of 

significance and in what products/  services, sectors and interventions. One of the reasons there is debate 

on the rebound effect is because it is hard to measure and varies depending on the intervention (policy, 

technology, practice), the type of products/services/resources investigated (energy, food, transport, 

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

and time (Sorrell, 2007; UKERC, 2007). This is one explanation proposed for why it is not currently 

factored into key energy studies informing policy e.g. from IPCC (2008), Stern (2007) or traditional energy 

economic models used for energy policy modelling (Sorrell et al, 2010).  
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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:- 
 

¶ In general, evidence does not support  either the views that rebound effects are too small to be 

insignificant  (Lovins, 1998 & 2005; Schipper, 2000)  or claims that it is greater than 100%   which 

remain insufficient to demonstrate validity (Sorrell, 2010). A rebound effect greater than 100% is 

ŎŀƭƭŜŘ ŀ άōŀŎƪŦƛǊŜέΣ ŀǎ ƛǘ ǿƻǳƭŘ ƴŜƎŀǘŜ ŎƻƳǇƭŜǘŜƭȅ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇǊƻǾŜƳŜƴǘ ƛƴǘŜƴŘŜŘΦ  
  

¶ There is clear evidence for  direct rebound effects for household energy efficiency for space heating/ 

cooling, personal transport, white goods and lighting which are estimated in the range 10- 30% for 

developed countries (Greening et al, 2000; Schipper and Grubb, 2000; UKERC, 2007; Sorrell, 2007; 

Small and van Dender, 2007). In these cases, efficiency improvements and associated cost reductions 

result in increased consumption by consumers. This may decline in future as demand reduces and 

income increases. This is because energy accounts for a greater amount of expenditure in lower 

incomes. For this reason, these direct rebound effects may be larger for low income groups and 

households in developing countries (Sorrell, 2007).  
 

¶ Evidence was also found for direct rebound effects of 30-80% for fuel efficiency in commercial road 

transport   (Gately 1990, Graham & Glaister 2002, Anson & Turner 2009). This is because fuel 

efficiency lowers the cost of freight transport, making cost efficient transportation possible for more 

goods, over longer distances and more frequently.  

 

ƀ Negative rebound effects of -10 to -100% for proposed interventions to reduce the environmental 

impacts of meat and dairy consumption in the EU were identified in the EU Environmental 

Improvement of Products (IMPRO) (Meat and Dairy) study because they increase the production and 

consumption costs (Weidema et al, 2008). This negative rebound effect means that the net 

environmental benefit would be greater than planned. It illustrates the role increased cost can play 

in mitigating rebound effects. 

 

ƀ For industry sectors, estimates for rebound effects for energy efficiency in the UK are  15% (4CMR, 

2006). A recent USA study investigating 30 industry sectors shows long term direct rebound effects 

of 20-60% with energy intensive sectors e.g. utilities, chemicals and agriculture having the highest 

effects (Saunders, 2010). The reason energy intensive 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 sector. When efficiencies reduce energy costs in energy 

intensive sectors 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 more metal.   
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¶ In particular, indirect and economy wide rebound effects are difficult to define, measure and 

counteract.  Estimates of indirect and economy wide rebound were 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 these, the economy wide rebound 

effects for energy efficiency improvements are estimated to be smaller than direct rebound effects 

at approximately 10% although some cases show > 30% (Barker, 2005; Sorrell, 2007). One case for 

energy efficiency improvements of 5 % in the production sectors of   the Scottish economy shows 

backfire over the long term in most sectors (Hanley et al, 2009; Turner, 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 trade and competitiveness are important since these are 

influencing factors that increase economy wide rebound effects (Turner et al, 2010).    
 

¶ As the factors that influence the rebound effect are varied, the evidence is clear that generalising the 

available direct rebound effect estimates to all types of rebound effect from all types of energy 

efficiency improvement is 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 these (UKERC, 2007; Sorrell, 2007; Sorrell, 2010). Estimates for the 

magnitude of the rebound effects for SCP policies beyond energy is 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 energy efficiency 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 Affairs (4CMR, 2006), European Environment Agency (EEA, 2009), UK Dept 

for Energy and Climate Change (DECC, 2010) and most recently the EEA State of the Environment and 

Outlook Report (EEA, 2010). The rebound effect can limit the environmental improvements possible 

through SCP and sustainable products policies and technologies and, in particular, the goal of decoupling 

resource consumption from economic growth (i.e. maintaining economic productivity without depleting 

limited resources e.g. energy, water and land) (UNEP, 2005; Sorrell et al, 2010). In the context of energy 

and climate change policies, projections from the IPPC that by 2030, energy efficiency gains will reduce 

global energy consumption by 30% below where they would otherwise be do 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 significantly 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 technologies 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 interventions.  It also clarifies that where 
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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 interventions (EEEA, 2010). The UK was the only example identified 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 study An 

Assessment of the Evidence for Economy Wide Energy Savings from Improved Energy Efficiency (Sorrell 

et al, 2007). Based on this the DECC Valuation of energy use and greenhouse gas emissions for appraisal 

and evaluation provides guidance and a spreadsheet tool to facilitate taking 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 

άŎƻƳŦƻǊǘ ǘŀƪƛƴƎέ ŎŀǳǎŜŘ by increased energy consumption 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 elasticities), income (income elasticities), substitution (cross 

price/substitution elasticity) and saturation effects (see 4.4 and 4.5.  Overall, the economic factors 

underpinning energy efficiency price induced rebound effects are that efficiency improvements result in 

an effective cut in energy prices, which produces output, substitution, competitiveness and income 

effects that stimulate energy demands (Hanley et al, 2009). The relationship between these effects can 

be complex which adds to the challenge in measuring the 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 effects.  Current measurement 

approaches include income/price elasticity studies (for direct rebound effects), econometric modelling, 

general equilibrium modelling and expenditure surveys. Traditional economic models for measuring 

environmental policy savings do not cater for the rebound effect. 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 effect. For energy efficiency, a key issue is the 

contribǳǘƛƻƴ ǘƘŀǘ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ƛƳǇǊƻǾŜƳŜƴǘǎ όƻǊ ƳƻǊŜ ƎŜƴŜǊŀƭƭȅΣ ƛƴŎǊŜŀǎƛƴƎ ƛƴǇǳǘǎ ƻŦ ΨǳǎŜŦǳƭ ǿƻǊƪΩύ 

make to overall productivity and economic growth. This is a complex issue, but the traditional economic 

view that energy plays a relatively unimportant role in economic growth may be incorrect. 
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1.3. CASE EXAMPLES  
 

To clarify rebound effects further, over twenty practical case examples were investigated to illustrate:- 

¶ The existence/significance of the rebound effect or not (direct, indirect and/or economy wide) and 
its measurement in products/services/SCP interventions. 

¶ 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 on water, 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 sections 5.0 and 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 services, transport (private and commercial), household heating/cooling, 

appliances, lighting and industry sectors.  There are some limited examples for ICT. Examples were 

identified to illustrate the different types of rebound (direct, indirect, economy wide) and related causal 

factors e.g. time, space and technology. For wider resources, potential direct and indirect rebound 

examples for water saving measures (low flow and grey water technologies) in households were 

identified, however these are not officially defined as rebound and could also be seen as unintended 

consequences. For economy wide rebound effect for energy efficiency interventions, this has been 

quantified in the UK. Few evidence based examples of indirect rebound effect were available. These 

include estimates of indirect rebound effects for energy efficiency programmes in Germany. University of 

Brussels and ADEME in France respectively have projects underway to quantify direct and indirect 

rebound effects associated with household energy efficiency. Overall, examples are from the USA, EU, 

Australia and, for lighting only, India and China. Table 1.1 lists these case examples. For each case the 

product/service/intervention, rebound effect being illustrated, SCP policy relevant, key evidence sources 

plus a short summary are provided.  
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Table 1.1 Case Examples illustrating the Rebound Effect for different products/services/interventions & for direct /indirect /economy wide 

 

PRODUCT/ SERVICE/INTERVENTION REBOUND EFFECT ILLUSTRATED   SCP POLICY  EVIDENCE 
 

1. Energy efficiency in cars, 
heating/cooling and other 
consumer energy services (OECD) 

Direct rebound effect  Energy use, Climate 
Change, Cars, Energy 
Related Products (ERP) 

IEA, 2005 ; Sorrell et al, 2007 (UKERC) 
Haas et al, 2000 ; Sorrell et al, 2009  
Martin & Watson, EST 2006 

Summary: Based on an assessment of evidence for energy savings from improved energy efficiency associated with household cars, heating/cooling and other consumer 
ǎŜǊǾƛŎŜǎ ŦǊƻƳ ǎǘǳŘƛŜǎ ƛƴ ŀ ǊŀƴƎŜ ƻŦ h9/5 ŎƻǳƴǘǊƛŜǎ ǘƻ ƛŘŜƴǘƛŦȅ ǊŜōƻǳƴŘ ŜŦŦŜŎǘ ǾŀƭǳŜǎΣ ǘƘŜ άōŜǎǘ ƎǳŜǎǎέ direct rebound effect range was estimated at 10-30% (IEA, 2005; Sorrell 
et al, 2007). Further, a range of empirical studies have also been conducted to estimate the direct rebound effect from energy efficiency interventions relevant to these 
products and services in several EU countries. These show rebound effects for consumption associated with energy efficiency as 20-30% for Austrian space heating (Haas et 
al, 2000) and 15% for personal transport, household heating, and other household services in the UK (Sorrell et al, 2009).  
 

2. Energy efficiency in  household 
(cars, heating/cooling & lighting) 
and producing sectors (USA) 

Direct rebound effect in the USA.  Energy use, Climate 
Change, Cars, ERP  

Utopities/UNEP, 2000 ; Greening et al, 2000 
Dimitropoulos & Sorrell, 2006 
Saunders et al, 2010 

Summary: This illustrates direct rebound effects of 10-30% for energy efficiency of household cars, heating/cooling and lighting based on 1990s data (Greening et al, 2000; 
Utopities/UNEP, 2000).  This shows that the variations in estimates minimum to maximum were most significant for heating/cooling and for cars. For the production side, a 
USA study measuring rebound effects associated with energy efficiency improvements in 30 industry sectors of the US economy during 1980-1995 shows direct rebound 
over the long term of 20-60% with energy intensive sectors e.g. utilities, agriculture and chemical being the highest (Saunders, 2010). The main reason for this is over time, 
energy efficiency provides cost reductions, enabling more production to take place which consequently uses more energy. The energy intensive sectors have the largest 
rebound effects because energy costs are a significant factor of production, which is also easily substituted for other factors of production enabling productivity to increase 
overall.  
 

3. Energy efficiency policies and 
programmes for industry, 
households, transport  ς UK,  
Germany  & Belgium and France 

Direct, Indirect and Economy wide rebound effects   
 

Energy use, Climate 
Change, Transport 

4CMR, 2006 ; Sorrell et al, 2009 
Martin & Watson, EST 2006 
Henderson, Staniaszek et al, 2003 
Irrek, 2010; Newak, 2010; ADEME, 2010 
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PRODUCT/ SERVICE/INTERVENTION REBOUND EFFECT ILLUSTRATED   SCP POLICY  EVIDENCE 
 

Summary: This illustrates the rebound effects measured for energy efficiency policies and programmes based on projects in the UK and Germany and forthcoming projects in 
Belgium and France. For the UK, the total rebound effects associated with energy efficiency policies and programmes for the period 2000-2010 covering industry, 
households, transport and commerce was estimated as 26%. Of this 15% is direct and 11 % economy wide (4CMR,2006; Sorrell et al, 2009). In the German case, indirect 
rebound effects associated with 12 proposed energy efficiency programmes for energy savings were estimated at 5% (Irrek, 2010). University of Belgium have a project 
underway (2010-2012) to measure direct and indirect rebound effects associated with energy efficiency for dwellings and mobility with improvement options (Newak, 2010). 
ADEME are running a project during 2010 -2012 with gas supplier GrFD to measure rebound effects from household energy efficiency policies in France (ADEME, 2010). 
 

4. Household Appliances ς EU (cases 
in Denmark & UK)  
 

 Direct rebound effect  Energy use, Climate 
Change, ERP 

EEA, 2010; JRC/IE, 2009; Owen, 2006 & 2007; 
Rikke, 2010; DECCAct on CO2, 2010  

Summary: For the EU-27, the energy efficiency of most types of household appliances (e.g. washing machines, dishwashers, fridges, ovens, and electric hobs) and lighting per 
unit has improved significantly over the past 20 years driven by a mixture of  policy interventions and technology breakthroughs.  However, increases in ownership, multiple 
purchasing and the extended use of appliances have greatly overtaken the efficiency increases. As a result, overall electricity consumption per household for lighting and 
appliances has increased illustrating a direct rebound effect (EEA, 2010). Part of this increase is due to increasing numbers of households and disposable income, increased 
ownership of multiple appliances per household, rising demand (especially for AC from Mediterranean countries) as well as usage changes (e.g. ICT having high rates of 
standby energy consumption) (EEA, 2010; JRC/IE, 2009). The rebound effect contribution is due to efficiency related cost savings making appliances and lighting cheaper and 
hence consumption has increased. In particular, multiple appliance ownership is a key feature of this. For example, instead of buying a new fridge to replace an old inefficient 
one, a new one that is twice the size of the old one is bought (as it is cheaper and costs no more to run) and the old one is kept for use to enable additional cold storage.  TVs 
are another example where the number of the same appliance has increased in the home over the last 20 years. In the UK there is currently an average of 2.5 TVs per 
household (DECCAct of CO2, 2010). This case example describes this based on evidence for the EU (EEA, 2010; JRC/IE, 2009). Further, specific cases for Denmark and UK 
provide similar evidence (Owen, 2006 &2007; DECCAct on CO2, 2010). 
 

5. Lighting ς Developed and 
Developing Worlds 
 

Direct rebound effect and rebound through reversion 
from perverse outcomes due to  technology shifts . 

Energy use, Climate 
Change, ERP 

Tsao et al, 2010; Tsao and Waide,2010 
IEA, 2005; Nordhaus, 1997; Callwell, C, 2010 
EEA, 2010;  
UK EEPH Lighting Strategy Group, 2010 
Ouyang, 2010 (China); Roy, 2000 (India) 
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PRODUCT/ SERVICE/INTERVENTION REBOUND EFFECT ILLUSTRATED   SCP POLICY  EVIDENCE 
 

Summary:  This case illustrates evidence showing an estimated direct rebound effect of 5-12% for lighting in developed countries for private households (IEA,2005) and that 
it is expected to be greater in developing countries with evidence of this for India and China. It incorporates evidence focusing on solid-state lighting (SSL) and analysing the 
interplay between lighting, human productivity and energy consumption extrapolating past behaviour of light consumption into the future (Tsao et al. 2010).  
 

6. Road freight transportation 
sector ς relevant for EU and non-
EU countries.  

Direct and economy-wide rebound effect in the 
commercial freight sector from fuel efficiency. 

 Transport, Climate 
Change, Energy 
Efficiency 

Gately, 1990; Graham & Glaister 2002,  
Anson & Turner, 2009, 
Ruzzenenti & Basosi, 2008 

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

7. Fuel Efficiency and longer miles ς 
for private transport 

Direct Rebound Transport, Energy  Sorrell, 2007 (UKERC);  
Victoria Transport Institute (2010) 

Summary: This case shows that when fuel efficiency increases for private cars and is accompanied with a reduction in cost of fuels, this can lead to more miles being driven 
in private cars and ultimately greater full usage. Studies have estimated the rebound effect for this to be between 10-30% based on studies in OECD countries (Sorrell, 2007). 
This reflects the elasticity of vehicle travel with respect to fuel price (transportation elasticities). According to the Victoria Transport Institute a 10% increase in fuel efficiency 
could actually provide a 7-8% net reduction in fuel consumption and a 1-3% increase in vehicle mileage (Victoria Transport Institute, 2010). 
 

8. French Eco-Pastille scheme could 
ƭŜŀŘ ǘƻ ΨōŀŎƪŦƛǊŜΩ 

Direct rebound measurement and accuracy Transport SEEID, 2009 

Summary: The French Eco-Pastille scheme provided financial assistance to purchasers of efficient vehicles. Depending on the value chosen for the price elasticity of the 
demand for travel (kilometres travelled), the resulting rebound effect was seen to vary considerably, changing if the overall outcome of the scheme is positive or negative. 
While the environmental benefit of the scheme was always positive, when different values for the price elasticity are used, the social and economic benefit did not always 
exceed the costs of the scheme. This case highlights the challenges in accurately quantifying the rebound effect and demonstrates the level of uncertainty  which is inherent 
to policy making. 



  in association with     &   

__________________________________________________________________________________________________________________________________ 

14 
European Commission DG ENV 
Addressing the Rebound Effect  

 

PRODUCT/ SERVICE/INTERVENTION REBOUND EFFECT ILLUSTRATED   SCP POLICY  EVIDENCE 
 

9. Increased mobile data traffic 
outweighs efficiency gains 

Direct rebound related to time Consumer products, 
energy use, GHG 
emissions 

Faist Emmenegger ,2004 
Girod et al, 2010 

Summary: The UMTS (3G) mobile data transfer technology, used in millions of mobile devices in the EU, is able to achieve lower CO2 emissions for a given quantity of data 
transferred when compared to the older GSM (2G) technology. This is because the data transfer rates of UMTS are so much faster than those of GSM that the transceivers in 
the device and the base station are activated for a shorter amount of time. This increased efficiency is counteracted, however, by the increased data consumption from users 
of UMTS. As the data transfer rates of UMTS are three times that of GSM, and assuming a constant usage time per user (which is unlikely, as explained below), a study has 
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 efficient than GSM per unit of data 
transferred, this increase in the transfer rate can be understood as a rebound of a factor of 8 (8 = 2.4/0.3). This effect is described by Girod et al., 2010 ŀǎ ŀ ΨǘƛƳŜ ǊŜōƻǳƴŘΩΦ 
Furthermore, given the faster data transfer speeds, new applications such as streaming video, become possible, leading to a significant increase in the time spent using the 
device and therefore the total quantity of data transferred relative to typical levels of usage under the GSM technology, contributing to an even stronger rebound. 
 

10. Paperless office has greater paper 
use 

Direct rebound related to time and price Timber, energy use, GHG 
emissions 

Hilty/Ruddy, no year; Schneidewind, 2002 
Dardozzi, 2008 
 

Summary:  ICT systems were expected to enable  a "paperless office" and associated resource benefits over their predecessors e.g. typewriters (Dardozzi, 2008). However, 
evidence shows  ICT contributes to an increase of paper consumption because the technology enable users increased functionality, speed and greater capacity to print more  
at a reduced price (Hilty/Rudy, no year; Schneidewind, 2002). 
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1.4. RECOMMENDED MEASURES TO ADDRESS REBOUND EFFECTS 
 

Evidence based measures for addressing rebound effects include the following:- 
 

¶ Recognising and accounting for rebound effects in the design and evaluation of policy;  

¶ Use of an integrated mixture of instruments encompassing fiscal, behavioural and technology; 

¶ Sustainable lifestyles & behaviour change in consumers; 

¶ Awareness raising & education for leveraging behaviour change in business. 

 

Guideline recommendations for using these measures over the short to long term and for direct, indirect 

and economy rebound effects respectively, are detailed in 7.2 and 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 demonstrate 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 debate to demonstrating 

action to address it where it occurs.  
 

1.4.1 Design and Evaluation of Policy 

 

The first step for policy is to recognise and account for rebound effect take back in the projected 

environmental savings expected to be achieved through interventions in their design and evaluation. The 

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

and factored into energy policy development guidance and tools (DECC, 2010).  This provides a 

precedent to build on. Anticipating and assessing rebound effects 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 incorporated. Assessment criteria can be 

incorporated in tools e.g. Regulatory Impact Assessment (RIA). This can be done in the short term for 

specific policies where direct rebound effects are known to occur e.g. energy efficiency interventions for 

energy services, transport, household heating/cooling heating, 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 anticipated. Proposed assessment criteria for interventions to evaluate likely  rebound effects and 

effectiveness of mitigating measures that could be added to RIA include key factors that influence 

rebound effects e.g. price, income, substitutability, technology type, resource intensity of the production 

sector, potential for perverse outcomes/burden shifting, time span of the intervention and whether it is 

targeting consumers or producers. How these can be used are detailed in 7.2. 

 

At present, there is a debate on the significance of rebound effects in environmental 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 effective and measurable policy that addresses rebound effects. The 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 support more sophisticated 

measurement/evaluation of rebound effects and mitigating measures. The UK DECC which already 

accounts for direct rebound effects where they occur using the Valuation of energy use and GHG 
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emissions for appraisal & evaluation Guidance & Tool (DECC, 2010), provides a Member State example to 

build on. As a short term measure, this research project clarifies the evidence based facts, with a view to 

overcoming current misconceptions. With this in mind, a FAQ on Rebound Effects is included in Annex F. 

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 effects in policy is recommended. This can build on the UK tool and 

RIA assessment criteria recommended from this project. In the medium to long term, current R&D gaps 

need to be filled (see 1.4.2) to develop further the tools that will enable better evaluation of 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 needed. Overall, these 
developments can facilitate policy design by anticipating rebound effects more accurately at the 
assessment stage and the effectiveness of counteracting measures. These include: 

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

that  influence and constrain rebound effects for energy efficiency.  

¶ Rebound can be better understood through improvements in econometric modelling; 

incorporating consumption increases in Life Cycle Assessment (LCA) through   consequential LCA 

and integration with econometric models.  

¶ In the short to medium term use of Member State household expenditure and other household 

panel and business surveys can be developed  further and used to measure/track consumption 

and direct/indirect rebound effect contributions.  

¶ Beyond the currently used computable general equilibrium (CGE) models, non-equilibrium 

modelling techniques (e.g. Barker, 2009) are beginning to show promising advantages over more 

traditional approaches but are largely new and need further development.  

¶ Rebound effects for SCP policies beyond energy e.g. for water and other resource efficiencies 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 effect is significant, it is clear that efficiency measures alone will not be sufficient 

and that other measures will also be required (Sorrell, 2007; EEA, 2010). The evidence shows 

implementing a consistent mixed instrument approach, incorporating technology, fiscal and behavioural 

aspects, is suited to addressing direct rebound effects in particular.  The case examples of lighting, 

transport rebound effects from traffic decongestion, hybrid cars and space heating are all examples 

where evidence supports combined fiscal, behavioural and technology instruments being more effective 

to counteract rebound effects. This use of a mixture of instruments is an element of EU SCP policy 

already, in particular to incorporate both demand and supply facing measures. It is noted 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 efficiency, as it is driven by the falling cost of energy 

services which drive the 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 in 6.0, illustrates that measures that raise the cost of production and consumption can 

reduce overall consumption of these foods such that negative rebound effects occur - a net 

environmental gain. Within the context of mixed instruments, the fiscal measures proposed are taxes, 

consumption caps and bonus malus schemes. These are detailed further in 7.2.   

 

It is cautioned that taxes 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 improvements. This needs 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 costs. For example, with a uniformly applied energy tax , as 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 benefit gained. 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 efficiency-related direct rebound effects, it would more effective to 

focus directly on the 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 consumers regarding their price and 

income responses to efficiencies are recommended.  A sectoral approach targeting the differing 

influencing factors and consumer/market responses driving the direct rebound effects and economy 

wide respectively are required. This 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 

economy-wide 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 term, for energy efficiency associated rebound effects energy 

supply alternatives that are 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 Lifestyle Behaviour Change 

 

Common approaches to tackle direct rebound effects include provision of information on the 

consumption of energy / resources via SMART metering (or real time displays) or SMART billing  giving 

the consumer the opportunity to think about their consumption and possibly reduce it. Measures to 

tackle indirect or economy-wide 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 their environmental 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, 

education) in consumer focused Sustainable Lifestyle instruments is a mitigating measure for direct 

rebound effects.  For indirect rebound effects (where consumers use income from efficiencies to 

consume more products with a high environmental burden) the importance of effective awareness 

raising for consumers is key. A Swiss study where no indirect rebound effects were found for hybrid cars 

identified a potential link between increasing consumer knowledge on the environmental impacts of 

their car that can translate across to other consumption expenditure choices e.g. food. Further a UK 

example shows the importance of encouraging householders to shift consumption patterns to lower 

GHG intensive expenditure and to invest in low carbon investments vs. consuming. 

 

Beyond measures to address rebound effects specifically, wider measures to reduce/change to 

sustainable consumption patterns in the long term are key. Consumer focused measures to tackle 

rebound effects should clarify that raising energy or resource efficiency alone is not enough but absolute 

reduction of energy and resources is required. Much rebound effect evidence cites the role of wider 

initiatives to reduce growth and consumption and overcoming the conflict that traditional economic 

models have where GDP growth 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 this agenda for the rebound effect (ONS, 

2010, Stiglitz,2009, NEF, 2010). On the sustainable consumption and growth agenda ς we need to ask 

what is the goal of our society? At present the economic priority is for maximum growth in consumption 

and production which is in conflict with a planet with limited resources.  

 

1.4.5 Awareness Raising and Capacity Building in Business 

 

Inclusion of how to avoid inadvertently causing indirect rebound in awareness raising and capacity 

building tools e.g. EU Green Claims Guide for business is recommended. Several business examples (e.g. 

Tesco) were identified that show well intentioned, but misguided advertising using air miles to motivate 

other pro- environmental choices, e.g. replacing inefficient lighting with low energy light bulbs.  

 

Table 1.2 outlines the case examples that illustrate the measures identified for addressing rebound 

effects within the SCP arena. For each case the product/service/intervention, rebound effect being 

illustrated, SCP policy relevant, measure to counteract and key evidence sources plus a short summary 

are provided. 
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Table1.2 Case Examples illustrating accounting for/counteracting the Rebound Effect for different products/services/interventions  

 

PRODUCT  / SERVICE / 

INTERVENTION 

REBOUND EFFECT ILLUSTRATED   SCP POLICY  MEASURE TO COUNTERACT EVIDENCE 

1. UK government acceptance 
and incorporation of direct 
rebound effect in energy 
policies relating to home 
insulation 

Direct and economy wide rebound 
effect and shows varying influence 
and magnitude of effect.  
 

 Energy Use 
GHG emissions 

UK govt includes a 15% 
reduction in energy savings 
from insulation measures in 
the home to account for 
rebound effect 
 

UK CERT programme; 
Henderson, Staniaszek et al, 2003; 
Martin & Watson, EST, 2006;  
Sanders and Phillipson,2006 

Summary:  Based on a review of thirteen studies (Sanders and Philipson, 2006), the differences between the measured and theoretical energy savings in UK domestic 
insulation measures determined that an overall reduction factor of approximately 50% of the theoretical expected energy saving occurs in practice. Of this, 15% of the 
ǊŜŘǳŎǘƛƻƴ Ƙŀǎ ōŜŜƴ ƛŘŜƴǘƛŦƛŜŘ ǘƻ ōŜ ŀ ǊŜǎǳƭǘ ƻŦ ŜȄǇƭƛŎƛǘ άŎƻƳŦƻǊǘ ǘŀƪƛƴƎέ ς the percentage of the overall reduction that can be identified as being caused by improved, higher 
internal temperatures (through behavioural changes) ς a direct rebound effect. The remainder of the reduction is expected to be due to other factors not explained by the 
comfort factor. In 2008 for the launch of the UK Carbon Emissions Reduction programme (CERT), the government and OFGEM (the regulator), in consultation with other key 
government agency stakeholders such as the Energy Saving Trust (EST) and Buildings Research Establishment (BRE), took the decision to reduce the theoretically modelled 
ǎŀǾƛƴƎǎ ŦƻǊ ŀƭƭ ƛƴŘƛǾƛŘǳŀƭ ƛƴǎǳƭŀǘƛƻƴ ƳŜŀǎǳǊŜǎ ōȅ мр҈ ǘƻ ŀŎŎƻǳƴǘ ŦƻǊ άŎƻƳŦƻǊǘ ǘŀƪƛƴƎέ ǿƘƛŎƘ ƘŀŘ ōŜŜƴ ǊŜǎŜŀǊŎƘŜŘ ŀƴŘ ǇǊƻǾŜƴ ǘƻ exist over the intervening years (Martin & 
Wilson, 2006, Henderson, Staniaszek, et al, 2003). In addition, the EST, also in recognition of the rebound effect of comfort taking, has decreased the energy savings per 
insulating measure, and hence the cost saving advice per measure  it gives to consumers in line with official government policy in this area. Overall, in the UK the efficacy of 
existing carbon reducing policies for insulation measures in the domestic sector, have been downgraded by 15% to reflect the ǊŜŀƭ ƭƛŦŜ ǎƛǘǳŀǘƛƻƴ ƻŦ άŎƻƳŦƻǊǘ ǘŀƪƛƴƎέΦ 
 

2. UK Homes ς ΨǿŀǘŜǊ ǎŀǾƛƴƎΩ 
improvements in  attaining 
higher grades within the UK 
Code for Sustainable Homes 

Increased water use through 
reversion from low flow water 
products to higher flow alternatives.    
Also increased energy/carbon 
emissions through implementation 
of water saving technologies. 
 

 Water use, Energy 
use, Climate Change 
 

Preventing unintended 
consequences or rebound 
through reversion in water 
saving policies 

UK Code for Sustainable Homes, 2007 
Greener building magazine, 2008 

Summary: ¢Ƙƛǎ ŜȄŀƳǇƭŜ ǎƘƻǿǎ Ƙƻǿ ǿŜƭƭ ƛƴǘŜƴŘŜŘ ǿŀǘŜǊ ǎŀǾƛƴƎ ǇƻƭƛŎȅ ƳŜŀǎǳǊŜǎ ǿƛǘƘƛƴ ǘƘŜ ¦Y Ψ/ƻŘŜ ŦƻǊ {ǳǎǘŀƛƴŀōƭŜ IƻƳŜǎΩ Ŏŀƴ ǊŜǎǳƭǘ ƛƴ ǘƘe installation of too low-flow rate 
products/appliances.  The unexpected consequence of this is the disillusionment of occupiers and the tendency to replace the low-flow products with much higher flow-rate 
models, hence resulting in a much higher water and energy use overall. This is an unintended consequence which can be considered a rebound effect (rebound by reversion) 
in that a policy that pertains to reduce water and energy use, inadvertently may result in higher water/energy use.   
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PRODUCT  / SERVICE / 

INTERVENTION 

REBOUND EFFECT ILLUSTRATED   SCP POLICY  MEASURE TO COUNTERACT EVIDENCE 

3. Lighting - developed and 
developing countries  

¶ traditional lighting 
(incandescent and 
fluorescent) 

¶ Emerging solid-state lighting 
(SSL) e.g. LEDs, OLED 

Direct Rebound effect  
 

 Energy use, Climate 
Change, ERP 

 Role of mixed instruments 
including policy, technology 
and behaviour change to 
counteract rebound. 
 

 Tsao et al, 2010; EEA, 2010;  
Tsao and Waide,2010; IEA, 2005; 
Nordhaus, 1997; Callwell, 2010; 
UK EEPH Lighting Strategy Group, 
2010;  
Ouyang, 2010 (China); Roy, 2000 
 

Summary:   The earlier lighting case example illustrates the estimated direct rebound effect of 5-12% in developed countries for private households (IEA,2005). This case 
builds on this and highlights evidence for using a mixture of instruments including policy, energy pricing, technology shifts (e.g. incandescent bulbs to Compact Fluorescent 
Lamps (CFL) to LED expected to be mainstream by 2030), behaviour change, light controls and smart technology to counteract rebound. 
 

4. Toyota Prius ςSwitzerland &  
behaviour change 

No rebound effect  Energy use, Climate 
Change, Transport 

Role of mixed instruments 
including subsidies, 
technology and  awareness 
 
Role of Household 
Expenditure Surveys in 
measuring and monitoring 
rebound 
 

Haan et al, 2006 
Girod and Haan, 2009 
Peters et al, 2008,  
ETH, 2006 
Girod and Haan, 2010. 

Summary:  This Swiss case example investigated the potential  rebound effect associated with household consumption of  hybrid cars in Switzerland in light of government 
subsidies for hybrids being made available and illustrates two key features:- 

¶ Buying this more environmentally efficient and cheaper to run car did not result in increased expenditure on more cars or the replacement of already eco-efficient cars 
with the Prius (direct rebound effect) or other good/services with increased environmental  impact (indirect rebound effect) but showed expenditure on other 
environmental goods  with reduced impact e.g. Organic products ς sƻ ŎŀƭƭŜŘ ƘƛƎƘŜǊ άǉǳŀƭƛǘȅέ ƎƻƻŘǎ ƛƴ ŀƴ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƻƴǘŜƴǘΦ ¢Ƙƛǎ ǎƘƻǿǎ ƴƻ ǊŜōƻǳƴŘ ŜŦŦŜŎǘΦ ¢Ƙƛǎ 
study determined that this was due to the consumer deciding to buy the hybrid car for an environmental reason and a potential link with increasing knowledge on car 
and wider product environmental impacts that translate across to other products consumed. For counteracting the direct and indirect rebound effects it provides 
evidence to support the role of subsidies being used in conjunction with awareness raising enabling pro environmental behaviour change in eco aware citizens to 
consume lower environmental impact products (Haan et al, 2006; Peters et al, 2008, ETH, 2006) 

¶ Swiss Household Expenditure Survey data was used and found to be an accurate measure for direct and indirect rebound effects. This data is currently underutilised in 
the EU, even in Member States when Household Expenditure Surveys exist. It is a potential example of how improving household data though Household Expenditure 
Surveys can facilitate a more accurate understanding of the direct and indirect rebound effect that could be used to inform policy development and performance 
monitoring (Girod et al, 2009). 
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PRODUCT  / SERVICE / 

INTERVENTION 

REBOUND EFFECT ILLUSTRATED   SCP POLICY  MEASURE TO COUNTERACT EVIDENCE 

5. Food  (meat and dairy)  - EU Direct Rebound effect  Agriculture, Food 
Waste, Materials,  
Land Use 

Fiscal Instruments Weidama et al, 2008  

Summary: The EU IMPRO Meat and Dairy study measures the effectiveness of different improvement options both with, and without, the rebound effect. This shows that 
where fiscal instruments make the improvement more expensive, negative rebound effects can occur i.e. the environmental improvement intervention exceeds its targeted 
improvements. This illustrates the value that, in theory, fiscal instruments can play in reducing direct rebound effects (Wiedema et al, 2008).  
 

6. Road decongestion and 
increased traffic/emissions ς  
(especially private transport) 

Rebound effects from policies 
designed to reduce road  congestion  
 
 

Energy use, Climate 
Change, Transport, 
Urban Planning 

Counteracting rebound in 
transport   

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

Summary: Evidence shows a rebound effect is associated with traffic decongestion measures. Increasing urban roadway capacity in order to relieve traffic jams can generate 
additional peak-period trips that would otherwise not occur (Victoria Transport Institute, 2010). This consists of a combination of diverted vehicle trips (trips shifted in time, 
route and destination), and induced vehicle travel (shifts from other modes, longer trips and new vehicle trips).  Traffic planning strategies and models that fail to consider 
extra generated traffic can overvalue roadway capacity expansion benefits by 50% or more. Measures to be adopted to counteract this rebound include: (1) Strategies that 
increase the price of driving, such as Parking Pricing and Distance-Based Charges; (2) Strategies that make alternative modes more competitive, especially public transport, 
(3)Transit Improvements and Commuter Financial Incentives (Victoria Tranport Institute, 2010). 
 

7. Misleading green 
advertising/messaging  
causing Indirect Rebound 
Effects  

Green advertising potentially causing 
an indirect rebound effect  through 
perverse behavioural effects 

Energy Use, Climate 
Change, 
Consumption, Air 
travel/Tourism 

Provision of information and 
business capacity building on 
how to avoid inadvertently 
causing indirect rebound 
effects.  

Guardian, 2009 
Tesco,2010 
OPA, 2010 
 

Summary: These are a selection of examples of misguided, albeit well intentioned, green advertising/messaging that have the potential to confuse consumers and cause 
indirect rebound effects with significantly higher GHG emissions than that of the energy savings foǊ ǘƘŜ ƻǊƛƎƛƴŀƭ ƎǊŜŜƴ ƳŜŀǎǳǊŜ ǇǊƻǇƻǎŜŘΦ ¢ƘŜ ŦƛǊǎǘ ƛǎ ǘƘŜ ¢ŜǎŎƻ ά[ƛƎƘǘǎ ŦƻǊ 
CƭƛƎƘǘǎέ ς an advert motivating purchase of energy efficient light bulbs with the reward of Air Miles, potentially causing an indirect rebound effect of increased flying ς an 
activity with significantly higher GHG emissions that the energy saving from swapping a light bulb for the more energy efficient variety. The second is the Canada Ontario 
tƻǿŜǊ !ǳǘƘƻǊƛǘȅΩǎ ΨtƻǿŜǊ tƭŜŘƎŜΩ /ŀƳǇŀƛƎƴ ς an advertising campaign to leverage householder behaviour change for energy efficient appliances motivated by rewarding a 
pledge with Air Miles.  To counteract the potential for indirect rebound effects from misleading green advertising,  information for business on what to avoid could be 
provided in EU instruments e.g. EU/Member State Green Claims guidance.  
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8. Quantitative analysis of 
3,500 Austrian households 
shows rebound effect in 
food, clothing & energy  

Micro-econometric  analysis 
calculates rebound based on price 
elasticity.  

Food, Energy, 
Consumer goods 

Compensation of rebound 
effects through energy taxes  

Kratena, 2010 

Summary:  A micro-econometric analysis of 3,500 Austrian households has calculated the price elasticity for food (11%), clothing (160%), gasoline/diesel fuel (46%), heating 
(26%) and electricity (12%). Additionally, the substitutionality or complementarity of the different commodities are also calculated. This data suggests that this price elasticity 
is proof of the rebound effect in these cases. It also proposes energy taxes as a way to counteract rebound.   
 

9. Change of space heating 
mode (structural changes) 
e.g. going from coal stove 
which can heat only one 
room to central heating  

  ά{ǘǊǳŎǘǳǊŀƭ ǊŜōƻǳƴŘ-ŜŦŦŜŎǘέ ς where 
moving to a more efficient 
centralised heating technology may 
allow the user to consume more 
energy overall .   

Energy Use, Climate 
Change 

Counteracting rebound effect 
in space heating  
 
Automatic control of 
temperature of heating, 
adaptation to rooms needed 
to be heated, reduced 
ventilation 

Biermayer, Schriefl, et al., 2005; 
Biermayer, Schriefl, et al., 2005; 
Dimitropoulos, 2009; 
Cayla/Allibe, 2010 

Summary: ¢Ƙƛǎ ŎŀǎŜ ŘŜǎŎǊƛōŜǎ ǘƘŜ ǎƛǘǳŀǘƛƻƴ ǿƘŜǊŜ ŎƘŀƴƎƛƴƎ ŦǊƻƳ ŀ ŘŜŎŜƴǘǊŀƭƛǎŜŘ όάƻƴŜ ƘŜŀǘƛƴƎ ǳƴƛǘ ǇŜǊ Ŧƭŀǘέύ ǘƻ ŎŜƴǘǊŀƭƛǎŜŘ ƘŜŀǘƛƴƎ ǎȅstem allows heating of  all rooms at 
the same time, at the same temperature, causing a rebound effect driven by comfort taking behaviour (Biermayr, Schriefl, et al., 2005). This case of switching from old coal-
stove-based heating technology to central heating is  still relevant  for some regions of the old EU Member States (MS) and more important for the new MS where coal 
stoves are still common and refurbishment programmes are underway. It has also been shown that behaviour affects residential energy use to the same extent as more 
efficient equipment and appliances are utilised (Cayla/Allibe, 2010). In terms of space heating  specifically, thermal simulations have shown that the energy consumption of a 
dwelling may differ by a factor of 3 depending only on temperature and ventilation rate management (with the same technical context) (Cayla/Allibe, 2010). As a 
consequence, remedies to this rebound effect would be automatic turning down of the temperature at times (especially at night) and the adaptation of temperature 
according to whether the rooms need to be heated or not, the reduction of ventilation to the necessary frequency and other measures such as smart meters and transparent 
energy billing. 

10. Including rebound in LCA Using LCA to measure rebound 
effects in products  

SCP, Sustainable 
Products 

Incorporating rebound effects 
in LCA  

Girod et al, 2009 
Dandes, 2010 
 

Summary:  Regarding the measurement of rebound and facilitating this in SCP policy for sustainable products and services, this example shows that changing traditional 
[ƛŦŜŎȅŎƭŜ !ǎǎŜǎǎƳŜƴǘ ό[/!ύ ǘƻ ƛƴŎƻǊǇƻǊŀǘŜ ǊŜōƻǳƴŘ ŜŦŦŜŎǘǎ Ŏŀƴ ōŜ ŀŎƘƛŜǾŜŘ ōȅ ŎƻƳǇƭŜƳŜƴǘƛƴƎ ǘƘŜ άŎƻƴǎǘŀƴǘ ŘŜƳŀƴŘ ŀǎǎǳƳǇǘƛƻƴέ ƛƳǇƭƛŎƛǘƭȅ ŀǎǎǳƳŜŘ ƛƴ ǘƘŜ L{hмплплκпп 
[/! ǎǘŀƴŘŀǊŘǎ ǿƛǘƘ ŀ άŎƻƴǎǳƳǇǘƛƻƴ ŀǎ ǳǎǳŀƭ ŀǎǎǳƳǇǘƛƻƴέ ŀƭƭƻǿƛƴƎ ŀ ǎȅǎǘŜƳŀǘƛŎ ǎǘŜǇǿƛǎŜ ƛƴŎƭǳǎƛƻƴ ƻŦ ǊŜōƻǳƴŘ ŜŦŦŜŎǘǎ όGirod et al, 2009) . Further integrating LCA with 
economic models can give a greater understanding of rebound effects across product / service lifecycles (Dandes, 2010). Overall, these measures could facilitate policy 
design by anticipating rebound effects more accurately at the assessment stage.  
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2. INTRODUCTION  

2.1 AIMS, OBJECTIVES AND DELIVERABLES 

The existence and significance of the rebound effect in reality and how to address it is still debated. This 

project aims to determine the current thinking on the rebound effect,  its impact on EU Sustainable 

Consumption and Production (SCP), waste and resource policies and effective measures to address it 

that policy makers can use as 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 SCP relevant case examples to illustrate the rebound effect and measures for 

addressing it where they are available.  

The objectives of project were: 

1. Determine and analyse the current state-of-the-art knowledge and practice on rebound effect 

occurring in the EU from 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 guidelines 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 guideline recommendations. This report includes:- 

State of the Art Review ς Key Findings (4.0) 

¶ What is the Rebound Effect 

¶ Rebound Effect Definitions 

¶ Approaches for Measuring Rebound and Limitations  

¶ Differentiating the Rebound Effect from other factors causing increased Consumption 

¶ Key Research ongoing on Rebound Effects 

 

Case Examples illustrating the Rebound Effect (5.0); 

Measures to Account/Counteract Rebound effect with case examples (6.0)  

Conclusions (7.0) 

¶ Summary of state of the art review 

¶ Guideline recommendations for addressing rebound effects 

Stakeholder Views (Annex A -C) ς Questions and responses from expert stakeholders via interview and 

email  

Report from Stakeholder Meeting conducted on 28 February 2011 (Annex D) 

FAQ on Rebound Effects to overcome misconceptions (Annex F). 
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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 existence of the rebound effect is recognised as an obstacle to environmental improvements 
in studies from credible sources including EEA, OECD, UNEP and IEA1, its real world significance, and how 
best to address this, needs to be more clearly understood. For energy and carbon, 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 is the 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. Outside of energy 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 Environment. In particular, 
recommendations from the project should inform the Resource Efficiency Roadmap 2020 the 
Commission are developing. 

2.3 PROJECT TEAM 

The study has been conducted by the consortium Global View Sustainability Services (GVSS) ( project 

lead) in association with BIO Intelligence Service (BIO) and Ecologic Institute.  

 

 

¶ Dr. Dorothy Maxwell (Project Director) 

¶ Dr. Paula Owen 

¶ Ms.Laure McAndrew  

 

¶ Mr. Shailendra Mudgal 

¶ Mr. Frank Cachia  

¶ Mr. Kurt Muehmel 

 

 

¶ Mr. Alexander Neubauer 

¶ Ms. Jenny Tröltzsch  

 

 

The project website is at http:// rebound.eu-smr.eu 

                                                           
1 EEA (2010), State of the Environment and Outlook Report; EEA (2010), Transport final energy consumption by mode (TERM 01) - Assessment 

published Oct 2010; EEA (2010) a, towards a resource-efficient transport system TERM 2009: indicators tracking transport and environment in 
the European Union; EEA (2009), Final energy consumption - outlook from IEA; Euonima (2009), Policy Instruments for Sustainable Materials 
Management: Report for the OECD; Schipper, & Grubb (2000), On the rebound? Feedback between energy intensities and energy uses in IEA 
countries, Energy Policy, 28, 367-388; UNEP (2010), Assessing the Environmental Impacts of Consumption and Production: Priority Products and 
Materials; UNEP, Utopities, Global Compact (2005), Talk the Walk Advancing Sustainable Lifestyles through Marketing and Communications; 
UNEP (2002), Sustainable Consumption A global Status Report. 
 

http://www.google.com/url?q=http%3A%2F%2Fwww.gv-ss.com%2F&sa=D&sntz=1&usg=AFQjCNF35Z6sApBO0fQN_7pL6EZHA8ihGA
http://www.google.com/url?q=http%3A%2F%2Fwww.gv-ss.com%2F&sa=D&sntz=1&usg=AFQjCNF35Z6sApBO0fQN_7pL6EZHA8ihGA
http://www.google.com/url?q=http%3A%2F%2Fwww.gv-ss.com%2F&sa=D&sntz=1&usg=AFQjCNF35Z6sApBO0fQN_7pL6EZHA8ihGA
http://www.google.com/url?q=http%3A%2F%2Fwww.gv-ss.com%2F&sa=D&sntz=1&usg=AFQjCNF35Z6sApBO0fQN_7pL6EZHA8ihGA
http://www.google.com/url?q=http%3A%2F%2Fwww.gv-ss.com%2F&sa=D&sntz=1&usg=AFQjCNF35Z6sApBO0fQN_7pL6EZHA8ihGA
http://www.google.com/url?q=http%3A%2F%2Fwww.gv-ss.com%2F&sa=D&sntz=1&usg=AFQjCNF35Z6sApBO0fQN_7pL6EZHA8ihGA
http://www.google.com/url?q=http%3A%2F%2Fwww.gv-ss.com%2F&sa=D&sntz=1&usg=AFQjCNF35Z6sApBO0fQN_7pL6EZHA8ihGA
http://www.google.com/url?q=http%3A%2F%2Fwww.gv-ss.com%2F&sa=D&sntz=1&usg=AFQjCNF35Z6sApBO0fQN_7pL6EZHA8ihGA
http://www.google.com/url?q=http%3A%2F%2Fwww.gv-ss.com%2F&sa=D&sntz=1&usg=AFQjCNF35Z6sApBO0fQN_7pL6EZHA8ihGA
http://www.google.com/url?q=http%3A%2F%2Fwww.gv-ss.com%2F&sa=D&sntz=1&usg=AFQjCNF35Z6sApBO0fQN_7pL6EZHA8ihGA
http://www.google.com/url?q=http%3A%2F%2Fwww.gv-ss.com%2F&sa=D&sntz=1&usg=AFQjCNF35Z6sApBO0fQN_7pL6EZHA8ihGA
http://www.google.com/url?q=http%3A%2F%2Fen.biois.com%2F&sa=D&sntz=1&usg=AFQjCNFMUdDThw0Pl3I4wP-8g5CoqBTBng
http://www.google.com/url?q=http%3A%2F%2Fen.biois.com%2F&sa=D&sntz=1&usg=AFQjCNFMUdDThw0Pl3I4wP-8g5CoqBTBng
http://www.google.com/url?q=http%3A%2F%2Fen.biois.com%2F&sa=D&sntz=1&usg=AFQjCNFMUdDThw0Pl3I4wP-8g5CoqBTBng
http://www.google.com/url?q=http%3A%2F%2Fen.biois.com%2F&sa=D&sntz=1&usg=AFQjCNFMUdDThw0Pl3I4wP-8g5CoqBTBng
http://www.google.com/url?q=http%3A%2F%2Fen.biois.com%2F&sa=D&sntz=1&usg=AFQjCNFMUdDThw0Pl3I4wP-8g5CoqBTBng
http://www.google.com/url?q=http%3A%2F%2Fen.biois.com%2F&sa=D&sntz=1&usg=AFQjCNFMUdDThw0Pl3I4wP-8g5CoqBTBng
http://www.google.com/url?q=http%3A%2F%2Fen.biois.com%2F&sa=D&sntz=1&usg=AFQjCNFMUdDThw0Pl3I4wP-8g5CoqBTBng
http://www.google.com/url?q=http%3A%2F%2Fen.biois.com%2F&sa=D&sntz=1&usg=AFQjCNFMUdDThw0Pl3I4wP-8g5CoqBTBng
http://www.google.com/url?q=http%3A%2F%2Fen.biois.com%2F&sa=D&sntz=1&usg=AFQjCNFMUdDThw0Pl3I4wP-8g5CoqBTBng
http://www.google.com/url?q=http%3A%2F%2Fecologic.eu%2F&sa=D&sntz=1&usg=AFQjCNGEi_I34k44RWDVWXOzO2oDjmBgew
http://www.google.com/url?q=http%3A%2F%2Fecologic.eu%2F&sa=D&sntz=1&usg=AFQjCNGEi_I34k44RWDVWXOzO2oDjmBgew
http://www.google.com/url?q=http%3A%2F%2Frebound.eu-smr.eu%2F&sa=D&sntz=1&usg=AFQjCNGyUa6FYRYCGZm9eOIyWgMCXvYhRg
http://www.google.com/url?q=http%3A%2F%2Frebound.eu-smr.eu%2F&sa=D&sntz=1&usg=AFQjCNGyUa6FYRYCGZm9eOIyWgMCXvYhRg
http://www.google.com/url?q=http%3A%2F%2Frebound.eu-smr.eu%2F&sa=D&sntz=1&usg=AFQjCNGyUa6FYRYCGZm9eOIyWgMCXvYhRg
http://www.google.com/url?q=http%3A%2F%2Frebound.eu-smr.eu%2F&sa=D&sntz=1&usg=AFQjCNGyUa6FYRYCGZm9eOIyWgMCXvYhRg
http://www.google.com/url?q=http%3A%2F%2Frebound.eu-smr.eu%2F&sa=D&sntz=1&usg=AFQjCNGyUa6FYRYCGZm9eOIyWgMCXvYhRg
http://www.google.com/url?q=http%3A%2F%2Frebound.eu-smr.eu%2F&sa=D&sntz=1&usg=AFQjCNGyUa6FYRYCGZm9eOIyWgMCXvYhRg
http://www.google.com/url?q=http%3A%2F%2Frebound.eu-smr.eu%2F&sa=D&sntz=1&usg=AFQjCNGyUa6FYRYCGZm9eOIyWgMCXvYhRg
http://www.google.com/url?q=http%3A%2F%2Frebound.eu-smr.eu%2F&sa=D&sntz=1&usg=AFQjCNGyUa6FYRYCGZm9eOIyWgMCXvYhRg
http://www.google.com/url?q=http%3A%2F%2Frebound.eu-smr.eu%2F&sa=D&sntz=1&usg=AFQjCNGyUa6FYRYCGZm9eOIyWgMCXvYhRg
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3. METHOD  

The agreed approach for conducting the project was to provide facts and real world case examples from 

EU SCP, 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 effect in reality, an independent evidence based approach 

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

ǳƴōƛŀǎŜŘΣ ǇǊŀŎǘƛŎŀƭ ƛƴŦƻǊƳŀǘƛƻƴ ŦƻǊ ǇƻƭƛŎȅ ƳŀƪŜǊǎΦ ¢ƘŜ ǇǊƻƧŜŎǘΩǎ ŘǳǊŀǘƛƻƴ ǿŀǎ ǎƛȄ ƳƻƴǘƘǎ όhŎǘƻōŜǊ 2010 ς 

April 2011). 

3.1    TASKS 

 As illustrated in Figure 3.1  the project has been conducted in the following three tasks:- 

 Task 1: State of the Art Overview - Gathering evidence from fit for purpose literature and 

stakeholder  sources on the current knowledge and practice relating to the rebound effect illustrated 

by case examples relevant for SCP policy. 

 Task 2: Tackling Rebound Effect ς Identifying and Analysing measures that can counteract the 

rebound effect using case examples where available from EU and 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 telephone interviews 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  
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3.2  EVIDENCE SOURCES 

The project tasks were conducted using fit for purpose literature and stakeholder evidence sources. The 

evidence reviewed included credible published literature on the rebound effect itself ς what it is, 

measurement, limitations, significance, key research etc. Wider  related topics were also included that 

can inform the understanding of the rebound effect in different products/services/SCP policies and 

addressing it e.g. environmental economics, sustainable lifestyles/behaviour change, consumption 

trends, energy efficiency, resource use,  waste, SCP/sustainable products, green advertising/claims and 

new business models e.g. Product Service Systems. The sources used are listed in 8.0 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 (face-to-face where feasible and telephone)  as well as to attend the stakeholder meeting 

planned for 28 February 2011 in Brussels. The stakeholders were 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 categories were represented at an international 

level - policy, academia, practitioners, business and NGOs. A list of stakeholders contacted was provided 

to the Commission. A one page project summary and short questionnaire was used for the stakeholder 

telephone interviews as well as email responses requested in wider calls for input. This is in Annex A. To 

cast the net even wider, stakeholders from relevant networks were invited by directing them to 

complete a short questionnaire on the project website.  Open calls for email responses to the 

questionnaire and notice of the stakeholder meeting was sent to following networks and newsletters:- 

 

¶ International Sustainable Resource Use Task Group via UNEP secretariat ς 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 ς EU LCA Platform 

¶ UNEP/SETAC SCP.Net Newsletter  

¶ Resource Recovery Network, UK (1500 contacts) 

¶ Sustainable Development Research Network 

¶ Forum for the Future Business Newsletter. 

 

The stakeholder input was conducted from 12 Nov ς end Dec 2010.  44 expert stakeholder responses (via 

interview / email) were received (15 responses was the minimum 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 are in Annex C  The call to networks ran from Nov - end 

January 2011. Over 50 stakeholders attended the stakeholder meeting on 28 February 2011.  

3.3 KEY PROJECT MILESTONES 

The key project milestones and timeline is below. 

  



  in association with     &   

_____________________________________________________________________________________ 

 
European Commission DG ENV 
Addressing the Rebound Effect 

27 

 

TIME ACTIVITY 

20 Oct. 2010  Inception Meeting & Minutes  

28 Oct. 2010 Website live  

3 Dec. 2010  List of Evidence, stakeholders and case examples identified from evidence 
review submitted to the Commission and a telephone conference call to 
discuss the information and progress held on 08 Dec 2010. Additional 2 
page Progress Summary document provided 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 report completed 
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4.  STATE OF THE ART REVIEW  

4.1 WHAT IS THE REBOUND EFFECT? 

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

 
The Rebound Effect is an increase in consumption which may occur as an unintended side-effect of the 

introduction of policy, market and/or technology interventions aimed at environmental efficiency 

improvements. The increase is caused by behavioural  and/or other systemic responses to the 

interventions, in particular where the efficiency gains bring reduced costs (Khazzoom, 1987; Musters, 

1995;  Alexander 1997; Herring 1998; Saunders,1992 Moezzi,1998, J.S. Norgard,1995; Schipper, 2000; 

Gorham 2009; UKERC 2007). In the case of efficiency measures that result in reduced costs, additional 

comfort or amenity can be obtained by increased consumption without incurring extra financial outlay 

ς ƪƴƻǿƴ ŀǎ ŀ άǇǊƛŎŜ ƛƴŘǳŎŜŘ ǊŜōƻǳƴŘ ŜŦŦŜŎǘέΦ   Based on energy efficiency related rebound, the effect 

occurs when improvements in efficiency stimulate the demand for energy in production and/or 

consumption. The trigger is that the effective/implicit price of energy (the cost of energy to produce 

one unit of output) falls when efficiency is increased and causes more energy to be consumed.  

 

Lƴ ŀŘŘƛǘƛƻƴ ǘƘŜǊŜ ƛǎ ǎƻƳŜ ƭƛƳƛǘŜŘ ŜǾƛŘŜƴŎŜ ƻŦ ŀ άƳŜƴǘŀƭκǇǎȅŎƘƻƭƻƎƛŎŀƭ ǊŜōƻǳƴŘ ŜŦŦŜŎǘέ ƛƴ ƘƻǳǎŜƘƻƭŘǎ 

which make pro environmental related  behavioural changes e.g. recycled paper (where there is not 

necessarily a cost reduction) and compensate for this with increased consumption (Schneider, 2003; 

Girod, 2009).  

 

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 other variables. 

Rebound effects have been identified for time, space and technology reasons as follows:- 

¶ Time rebound  - where the improvement option is more or less time consuming than the status 

quo, leading to changes in consumption. 

¶ Space rebound where the improvement option uses more or less space than the status quo, 

leading to changes in consumption. 

¶ Technology rebound where the improvement option changes the availability/affordability of 

certain resources or technologies, leading to changes in consumption.   

 

Whichever the cause, where this occurs, the rebound effect can reduce the environmental improvement 
potential from the original interventions. Therefore 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 been used 
to enable a wider understanding of the topic. 
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In general, there are three main types of rebound effect recognised: 

 

 Direct ς where increased efficiency of a product / service lowers the cost of consumption and, as a 

result, more consumption of this product/service occurs. For example, the addition of insulation 

measures in a home, which help to make the home more thermally efficient and cheaper to heat, 

can result in householders leaving the heating on for longer and/or at a higher temperature. For cars, 

rebound effects include a potential increase in trips made and distances travelled because of 

improved fuel and/or vehicle efficiency.   

 

  Indirect ς where savings accrued due to efficiency cost reductions in one product/service, cause 

increased demand and/or expenditure for other goods and services that also require resources to 

provide. For example, savings made through the more efficient heating of the home being redirected 

to extra overseas holidays, and, as a result, the marginal environmeƴǘŀƭ ƛƴǘŜƴǎƛǘȅ ƻŦ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ 

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 consumption and more rapid economic growth (Sorrell, 2007).  

 

Both direct and indirect rebound effects are at the microeconomic level and can be observed at 

ƛƴŘƛǾƛŘǳŀƭΣ ŎƻƳǇŀƴȅ ŀƴŘ ƘƻǳǎŜƘƻƭŘ ƭŜǾŜƭύΦ  ¢Ƙƛǎ ƛǎ ŘƛǎǘƛƴŎǘ ŦǊƻƳ ΨŜŎƻƴƻƳȅ ǿƛŘŜΩ ǊŜōƻǳƴŘ ŜŦŦŜŎǘǎ 

which are at the macroeconomic level. 

 

¶ Economy wide ς This form of rebound is where more efficient production and use drives 

productivity resulting in more growth and energy consumption at a macroeconomic level (Sorrell, 

2007; Brännlund et 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 efficiency improvement expected is lost.   Whereas a 

15% negative rebound effect means 15% more efficiency improvement has been achieved than was 

expected. 

The direct rebound effect for energy efficiency interventions is currently the most understood,  having 

been recognised 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 (Greening et al, 2000; 

Schipper, 2000; Haas et al, 2000; IEA, 2005; Martin and Watson, 2006; Sorrell and Dimitripoulos 2007 & 

2010; Tsao et al, 2010 ).  The economy wide rebound effect is less understood than the direct, but some 

country based studies have investigated 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 mobility and policy instruments to address this running from 

2010-2012 (Newak, 2010). ADEME has recently launched a project on the measurement of direct 

rebound effect associated with households (ADEME, 2010).  There is less available evidence for indirect 

and also mental 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). 
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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 counteract and, 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 consumption, while in others, that rebound  can 

negate the environmental gains 100% - ŀ ǎƻ ŎŀƭƭŜŘ άōŀŎƪŦƛǊŜέ ό WŜǾƻƴǎΣ мусрΤ YƘŀȊȊƻƻƳΣ мфулΤ 

Brookes,1990 and 2000)  In practice, the magnitude of the rebound effect is dependent on individual 

circumstances e.g. sectors, technologies and income 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 rebound effect associated 

with different interventions. This is detailed in 4.4 and 4.5. 

4.2 REBOUND EFFECT DEFINITIONS 

In addition to the definitions in 4.1, a series of official definitions and terms have also been identified in 
the evidence. Further, there are variations in definitions for some products and services. These are 
summarised below.  

 

4.2.1 GENERAL DEFINITIONS 

The Consumption Equation illustrated in Figure 4.1 incorporates the rebound effect as defined by 
Ehrlich and Holdren in 1971 showing 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  
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The above equation is also described  as:-  

I (Impact) = P (Population) *A (Affluence)*T (Technical Efficiency) 

 
The Jevons Paradox is another definition used to explain the rebound effect. Named after the 

nineteenth century economist and philosopher William Stanley Jevons, the paradox is if there is an 

increase in 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 was identified 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 to wider resources e.g. land and food ( Polimenti et al, 2008 and 2009).  

 

Mental/ Psychological Rebound Effect ς Technical innovations improving the environmental impact of a 

good or an activity can have negative repercussions on consumer behaviour. ! άfeel good perception of 

ōŜƛƴƎ ƎǊŜŜƴέ can ŜƴŎƻǳǊŀƎŜ ƛƴŎǊŜŀǎŜŘ ŎƻƴǎǳƳǇǘƛƻƴ ŦƻǊ ŎŜǊǘŀƛƴ ǇǊƻŘǳŎǘǎ ǿƘŜǊŜ ΨƎǊŜŜƴΩ ƻǇǘƛƻƴǎ ŀǊŜ 

available. For example, the introduction of the 3-way catalytic converter in cars has  slowed down the 

discussion about the social and environmental effects of passenger car transport and may have moved 

many people, critical of increasing  car ownership and use, to reconsider this and take up car driving 

themselves (Paech, 2005). Similar considerations can apply to the use of recycled paper (Schneider, 

20032) or energy-efficient lighting.3 A Swiss study has , developed the notion of the mental 

άŜƴǾƛǊƻƴƳŜƴǘŀƭέ ōǳŘƎŜǘΦ !ŎŎƻǊŘƛƴƎ ǘƻ ǘƘƛǎΣ ƘƻǳǎŜƘƻƭŘǎ ǿƻǳƭŘ ŎŀǊǊȅ ƻǳǘ ŀ ǾƛǊǘǳŀƭ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ōƻƻƪ-

keeping exercise, valuing the environmental impacts of different activities. What is regarded 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 activities could be taken up, i.e. indirect rebound effects could 

ŀǊƛǎŜ όǎŜŜ .ǳƴŘŜǎŀƳǘ ŦǸǊ 9ƴŜǊƎƛŜΣ нллфύΦ ¢Ƙƛǎ ǎǘǳŘȅ ǎŀȅǎ ǘƘŀǘ ǘƻ ǘƘŜ ŀǳǘƘƻǊǎΩ ƴƻ ŜƳǇƛǊƛŎŀƭ ǎǘǳŘȅ Ƙŀǎ ȅŜǘ 

been carried out where such a rebound effect has been proven to exist.   

 

Other terms used for the rebound effect are the Income Effect ς due to higher disposable income 

resulting from cost efficient interventions (Ouyang et al, 2010)  Takeback Effect , Bounceback, Comfort 

Taking or Offsetting Behaviour. Outside of energy efficiency related examples, definitions of the rebound 

effect are often used inconsistently in the evidence.  

 

Variations on definitions for products and services - Product or service specific examples found in the 

evidence include the following:-  

 

¶ 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 et al, 2010, Victoria Transport 

Policy, 2010). The effect is described as Generated 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 effects of the introduction of 

recycled paper.  
3 As for similar potential rebound effects linked to the purchase of a hybrid vehicle, see 6.6. There rebound effects could not be identified in 
reality.  
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other ways. This may consist of shifts in travel time, route, mode, destination and frequency. This can 

result from:- 

o Induced travel: An increase in total vehicle mileage due to increased motor vehicle trip 

frequency, longer trip distances or shifts from other modes, but excludes travel shifted from 

other times and/or routes. 

o 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). 

¶ Domestic Insulation: The rebound effect in domestic insulation interventions has been measured 
ŀƴŘ ƻƴŜ ŀǎǇŜŎǘ ƻŦ ƛǘ ƛǎ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ǘƘŜ άŎƻƳŦƻǊǘ ŦŀŎǘƻǊέΦ  ! ǎǘǳŘȅ ōȅ {ŀǳƴŘŜǊǎ ŀƴŘ tƘƛƭƭƛǇǎ όнллсύ 
investigated and clarified the key terminology in this context as follows:- 
 

o Reduction factor - the total amount by which the measured energy saving following housing 

refurbishment is less than predicted from theory and from modelling. 

o Comfort factor - the part of the reduction factor being caused through raising internal 

temperatures as itΩǎ ŎƘŜŀǇŜǊ ŀƴŘ ƳƻǊŜ ŜŦŦƛŎƛŜƴǘ ǘƻ ƘŜŀǘ ǘƘŜ ƘƻƳŜΣ ŀƴŘ ƘŜƴŎŜ ŎƻƴǎǳƳƛƴƎ 

more energy - the direct rebound effect. 

o Other factors ς the remaining amount of the reduction factor which is not explained by the 

comfort factor (for e.g. the insulation materials not performing, in practice, to the standard 

they are, in theory, calculated to; sub-standard installation or fitting;  or sub-standard 

products used). 

4.3 SIGNIFICANCE OF THE REBOUND EFFECT 

4.3.1 RELEVANCE FOR EU SCP POLICY 

Reviews of the EU SCP Action Plan (Euonima, 2009), and most recently the EEA State of the Environment 

and Outlook Report draft (EEA, 2010) have identified that estimated potential gains from energy 

efficiency measures have been reduced by the rebound effect. The rebound effect can limit the 

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 for rebound 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, understanding the magnitude of the effect,  and how it varies 

with the products/services concerned, is key not just for energy but for wider resource policies, and to 

allow policy makers to consider it in future SCP policies. 

4.3.2 IS 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 that there is clear evidence for the rebound effect, for energy 

efficiency interventions for household space 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 rebound exists or not but to what level of magnitude and for 

what products & services and interventions.   
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For example, the UK Department of Energy and Climate Change (DECC) accepts the existence of  the 

direct rebound effects in relevant policy interventionsΣ ŀƴŘ ƻŦŦƛŎƛŀƭƭȅ ƛƴŎƻǊǇƻǊŀǘŜǎ ΨǘŀƪŜ ōŀŎƪΩ ƛƴ ŜƴŜǊƎȅ 

savings from rebound in its policy evaluation.  To date this has been incorporated in domestic insulation 

energy policy; where a 15% direct rebound effect is accounted for in  ǊŜŎƻƎƴƛǘƛƻƴ ƻŦ ΨŎƻƳŦƻǊǘ ǘŀƪƛƴƎΩ ƛƴ a 

newly insulated home.  This 15% reduction in savings has been applied to the CERT (Carbon Emissions 

Reduction Scheme) scheme which has been running in the UK since 2008.  The Case Study at 6.1.1 details 

this further. 

 

The main definition and measurement of the rebound effect to date has related to energy efficiency and 

the cost reductions and associated increased consumption this can cause. However, it has been noted 

that, in theory, this can apply to wider resources beyond energy, but, to date, the details on how, and 

the significance of rebound in these areas, are missing (Sorrell et al, 2010). The  existing evidence is 

mostly for energy efficiency and this indicates that differences are strongly dependent on the 

circumstances.   

4.4 APPROACHES FOR MEASURING REBOUND & LIMITATIONS 

In order to accurately quantify the rebound effect, it must be precisely defined and then distinguished 
from other micro- and macro-economic effects. The relationship between these effects can be complex 
which adds to the difficulty 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 rebound effect, 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. 

4.4.1 RELEVANT ECONOMIC CONCEPTS 

 

ǒ Price effect (price elasticity) 

ƺ The price-elasticity 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. 

ƺ Price-elasticity is often used to measure 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 price-elasticity 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). 

ǒ Income effect (income elasticity) 

ƺ The income-elasticity is defined as the percentage change in demand associated with an 

increase in income by 1%, for a given product. It measures the sensitiveness of the demand 

to income changes, for a specific product. 

ƺ Income-elasticity 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/and allocated to 

other additional goods and services (indirect rebound effect). 
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ǒ Substitution effect (cross price/substitution elasticity) 

ƺ The substitution effect between product A and product B is defined as the percentage 

change in demand for A when the price of B increases by 1%, everything being held equal 

(i.e. when the relative price of A compared to B decreases by 1%). This cross-price elasticity 

measures the degree of substitutability (if demand for A increases) or complementarity (if 

demand for A decreases). 

ƺ 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 energy services will lead to an 

increase in the demand for food products. An indirect rebound effect will exist if the 

ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘǎ όŜΦƎΦ /hіύ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘŜ ƛƴŎǊŜŀǎŜ ƛƴ ǘƘŜ ŎƻƴǎǳƳǇǘƛƻƴ ƻŦ ŦƻƻŘ 

products outweighs the reduction in environmental impact linked to lower energy 

consumption. 

ǒ Saturation effect 

ƺ 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 the effective 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). 

ƺ 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 these adverse effects. 

 

4.4.2 APPROACHES TO MEASURE THE 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: 

REBOUND TYPE METHOD OF ANALYSIS 

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

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

Economy-wide 
(NB: Economy-wide 
rebound is often 
measured jointly with 
indirect rebound) 

Macro-econometric models (often estimate behavioural relationships 
within an input-output (IO)) structure) or Computable General 
Equilibrium (CGE) models 
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Estimation of direct rebound effects 

Micro-economic/household level 

To measure micro-economic/household level direct rebound effects, the 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 of precision/relevance: 

ǒ 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 energy-related services), where service is 

proportional to the amount of product 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 of the direct 

rebound effect. 

ǒ Elasticity of the demand for a specific product relative to the product-related efficiency (e.g. 

elasticity of energy demand to energy-efficiency). Given data constraints and uncertainties 

associated to data on services (related to energy, resources, etc.), the latter measure of direct 

rebound effect is preferred. A relationship exists between these two measures of the rebound effect:  

product=service-1. Taking the example of energy-related services, in the absence of direct rebound 

effect, an increase in energy-efficiency by 1% leads to a decrease in the demand of energy by 1% 

(product=-1%). The existence of a change in the level of energy-related service due to a change in 

energy-efficiency (service>0) will limit the reduction in demand. 

ǒ Price-elasticity of demand, for a given service. 

ǒ 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). 

ǒ Price-elasticity of the demand for a specific service-related 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 of a quantification 
method also depends on economic and/or technical aspects. For example, focusing again on energy-
related services, choosing price-elasticities to measure direct rebound effects may be relevant if the 
response of demand to efficiency changes is the same than the response of demand to price changes and 
if energy efficiency is independent from energy prices (which may not be true in the long-term). 

Measurement of direct rebound is often based on empirical data. To date, such measurements have 
generally focused on energy consumption and related services (e.g. transportation, heating, electricity, 
etc.). Madlener and Alcott( 2008) and Dimitropoulos and Sorrell (2006) cast doubt on the validity of such 
approaches, arguing that issues related to the definition of the rebound 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 been given incentives 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, etc.), thus limiting its applicability. 

  

https://docs.google.com/a/biois.com/viewer?a=v&pid=explorer&chrome=true&srcid=0By4xMaa15tL7ZDg3YTgzNmYtZGM4OS00OGMxLWI1MjUtYWViNTk5YmFmNzlk&hl=en_GB
https://docs.google.com/a/biois.com/viewer?a=v&pid=explorer&chrome=true&srcid=0By4xMaa15tL7ZDg3YTgzNmYtZGM4OS00OGMxLWI1MjUtYWViNTk5YmFmNzlk&hl=en_GB
https://docs.google.com/a/biois.com/viewer?a=v&pid=explorer&chrome=true&srcid=0By4xMaa15tL7ZDg3YTgzNmYtZGM4OS00OGMxLWI1MjUtYWViNTk5YmFmNzlk&hl=en_GB
https://docs.google.com/a/biois.com/viewer?a=v&pid=explorer&chrome=true&srcid=0By4xMaa15tL7ZDg3YTgzNmYtZGM4OS00OGMxLWI1MjUtYWViNTk5YmFmNzlk&hl=en_GB
https://docs.google.com/a/biois.com/viewer?a=v&pid=explorer&chrome=true&srcid=0By4xMaa15tL7ZDg3YTgzNmYtZGM4OS00OGMxLWI1MjUtYWViNTk5YmFmNzlk&hl=en_GB
https://docs.google.com/a/biois.com/viewer?a=v&pid=explorer&chrome=true&srcid=0By4xMaa15tL7ZDg3YTgzNmYtZGM4OS00OGMxLWI1MjUtYWViNTk5YmFmNzlk&hl=en_GB
https://docs.google.com/a/biois.com/viewer?a=v&pid=explorer&chrome=true&srcid=0By4xMaa15tL7NDk0MTE3ZDctZTkyMC00NjFhLTk5ZTMtMWUzM2FiNDIxMDU5&hl=en_GB
https://docs.google.com/a/biois.com/viewer?a=v&pid=explorer&chrome=true&srcid=0By4xMaa15tL7NDk0MTE3ZDctZTkyMC00NjFhLTk5ZTMtMWUzM2FiNDIxMDU5&hl=en_GB
https://docs.google.com/a/biois.com/viewer?a=v&pid=explorer&chrome=true&srcid=0By4xMaa15tL7NDk0MTE3ZDctZTkyMC00NjFhLTk5ZTMtMWUzM2FiNDIxMDU5&hl=en_GB
https://docs.google.com/a/biois.com/viewer?a=v&pid=explorer&chrome=true&srcid=0By4xMaa15tL7NDk0MTE3ZDctZTkyMC00NjFhLTk5ZTMtMWUzM2FiNDIxMDU5&hl=en_GB
https://docs.google.com/a/biois.com/viewer?a=v&pid=explorer&chrome=true&srcid=0By4xMaa15tL7NDk0MTE3ZDctZTkyMC00NjFhLTk5ZTMtMWUzM2FiNDIxMDU5&hl=en_GB
https://docs.google.com/a/biois.com/viewer?a=v&pid=explorer&chrome=true&srcid=0By4xMaa15tL7NDk0MTE3ZDctZTkyMC00NjFhLTk5ZTMtMWUzM2FiNDIxMDU5&hl=en_GB
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Modelling of indirect and economy-wide rebound effects 

Generally speaking, the quantification of indirect and economy-wide rebound is more challenging 
(Sorrell, 2010) as more variables and greater uncertainty is involved. Some of the approaches which can 
be taken are outlined below. 

Micro-economic/household level 

ǒ Comparing the price elasticities of different products and services -- known as cross-price elasticities 
-- can provide insight into how changes in the price of one product can change consumption of 
another. Katrena et al 2010 (see section 5.5) 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 methods 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 different scales) (Madlener and Alcott, 

2008)  

 In order to assess rebound effect at the economy-wide level, macroeconomic models such as 

computable general equilibrium (CGE) models and non-equilibrium models can be used. These 

models use real economic data to estimate how an economy may react to some change. Barker et al, 

2009 use this type of model to calculate that energy efficiency improvements associated with 

transport, residential and services buildings and 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 trade patterns 

and international energy prices are impacted. Hence incorporating these factors and scale would 

enable a more accurate measurement (Sorrell et al, 2010). 

4.4.3 LIMITATIONS TO MEASURING REBOUND EFFECT AND HOW THEY CAN BE OVERCOME 

 
Sorrell (2010) summarises 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) , uncertain causal 
relationships, transboundary effects and complex, long-term 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: 

 Uncertainty related 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 the results 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 

ƻǾŜǊŀƭƭ ŜǾŀƭǳŀǘƛƻƴ ƻŦ ǘƘŜ ƳƻŘŜƭΩǎ Ǿalidity. The output of any model will only be as good as the data which 

is used as input, therefore ensuring the collection of high-quality data across the economy will only 

contribute to improving the calculations. 

4.5 DIFFERENTIATING THE REBOUND EFFECT FROM OTHER 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, which 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 decisions and 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 quantifying the rebound effect at the macroeconomic level requires 

estimations, approximations, and assumptions in order to produce a meaningful value. These are 

explored below. 

Price -  If you increase efficiency of any factor of production, its price / unit of service (i.e. the 

effective/implicit price) is reduced. This triggers a positive demand response ς directly (by the producer 

or consumer whose efficiency has improved) and also economy wide through knock on effects. The 

strength of this demand is what causes the rebound effect. The effective 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:- 

¶ Is the desired efficiency improvement (i.e. does technology work as anticipated) realised or only 

partly and how does this impact price? 

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

¶ Substitution effect away from other inputs in 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, increase GDP 

growth and stimulate further rebound. If the initial substitution effects are weak, this limits the size 

of the competiveness etc 

¶ For direct rebound effects from energy efficiency, the key determining factor is how producers 

substitute between energy and other inputs in production in the sector with the energy efficiency 

improvement. 

¶ Under energy efficiency the costs of production fall, particularly in energy intensive sectors and the 

products/services from these sectors become cheaper and consumer demand grows. This leads to 

increased production and hence energy consumption. As the economy grows, incomes increase 

encouraging further rebound effects. 

¶ 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 adjustments to thermostats/heating 

controls, before the efficiency improvement and subsequent price effect are realised. 
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¶ Supply side effects e.g. labour and capital and their role in allowing economic expansion and hence 

economy wide rebound. 

¶ Productivity improvements and rebound effects can impact trade patterns so environmental impacts 

across supply chains e.g. carbon footprints may be different (Sorrell, 2007; Turner, 2010). 

¶ Backfire requires an economy wide demand response that is more than proportionate to the initial 

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 competitiveness are important (Turner et al, 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 and the 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 will increase rebound 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 income, the carbon intensity of the investment 

will impact the rebound effects (Druckman et al, 2010). These demand shifts will also 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 on energy 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, these are likely to be similar  

across the Western world, but subject to differences on a national level based on income. Further, 

rebound effects in the developing world is estimated to be higher due to unmet demand (Roy, 2000) 

Production - Sectors, product and services where production factor energy is high e.g. industrial 

processes and transport/logistics show higher energy efficiency related direct rebound effects. These are 

illustrated in Figure 4.2 

Technology ς Evidence has shown that rebound effects are stronger for ǎƻ ŎŀƭƭŜŘ άDŜƴŜǊŀƭ tǳǊǇƻǎŜ 

¢ŜŎƘƴƻƭƻƎƛŜǎέ ǾǎΦ ƻǘƘŜǊǎΦ ¢ƘŜǎŜ ŀǊŜ ŘŜŦƛƴŜŘ ŀǎ ōŜƛƴƎ ŀǇǇƭƛŎŀōƭŜ ŀŎǊƻǎǎ ŀ ōǊƻŀŘ ǊŀƴƎŜ ƻŦ ǳǎŜǎΣ ǇǊƻŘǳŎǘǎ 

and processes. Examples are lighting, motor vehicles and computers. This is because they permeate the 

economy once a threshold efficiency of operation is realised and contribute to consumption growth and 

economy wide rebound (Lipsey et al, 2005; Sorrell, 2007, van den Bergh, 2010).  
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Figure 4.2 Qualitative assessment of indicators of potential rebound for energy consuming 
activities in industry (van den Bergh, 2010) 

 

 

Additionally, the increase in efficiency occurs against a backdrop of numerous other macroeconomic 

trends. Economic growth naturally 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 increases in efficiency would. In 

the short to medium-term, 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 variables across the two populations. As such, quantification of 

the rebound effect must be based on the results of models τ mainly econometric τ which include all of 

the limitations described in the previous section.  

Given this inherent uncertainty, experts contacted 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 such inherent 

uncertainty. 
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5. CASE EXAMPLES TO ILLUSTRATE REBOUND EFFECT  

Based on the evidence and stakeholder input, this section details real world case examples that illustrate 

the existence and magnitude of rebound effects (direct, indirect and/or economy wide),  its 

measurement in products/services or SCP interventions and limitations. 

 

To note, the rebound effect in the following examples were investigated in line with Commission 

requests, but no credible evidence based examples were identified for:- 

¶ Packaging; 

¶ Water use associated with shower heads; 

¶ Travel/tourism ς 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 transport are available and presented below. 

5.1 CASE: HOUSEHOLD CARS & HEATING/COOLING (OECD)  

In 2007, the UK Energy Research Centre conducted an assessment of the evidence for direct 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 the reliability of the rebound effect measured, ǘƘŜ άōŜǎǘ ƎǳŜǎǎέ  

rebound effect range was 10-30% as illustrated in  Figure 5.1 

 

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

 
 

This builds on a meta study done by 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) 

 
 

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.  

 

A range of empirical studies have also been conducted to estimate the direct rebound effect from energy 

efficiency interventions relevant to these products and services in several EU countries. These show 

rebound effects for consumption associated with energy efficiency as: 

¶ 20-30% rebound effect in Austrian space heating (Haas et al, 2000) ; 

¶ 15-27% for the Netherlands space heating (Berkhout et al, 2000);  

¶ 15% for personal transport, household heating, and other household services in the UK 

(Sorrell et al, 2009). 

5.2  CASE: HOUSEHOLD CARS, HEATING, LIGHTING, PRODUCTION (USA)  

 For the USA, rebound effects for consumption associated with energy efficiency in household 

heating/cooling, lighting and appliances based on mid 1990s data are typically 10-30% (Greening et al, 

2000).4, Figure 5.3 illustrates the rebound effect ranges - minimum to maximum for these estimates 

based on a UNEP study (Utopies/UNEP, 2000). 

                                                           
4
  This is included for information and it is noted that USA and EU consumption levels are different which impacts the transferability of this 

example to an EU context. 
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Figure 5.3 Rebound Effect estimates in the USA for personal travel and household cooling, 
heating, lighting and appliances (Source: UNEP (2000)) 

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

for 30 producing sectors has been conducted, by sector and in aggregate (Saunders, 2010) using a USA 

data set covering the period 1960-2005 (Jorgenson et al)5. A draft  paper on the analysis  άIƛǎǘƻǊƛŎŀƭ 

ŜǾƛŘŜƴŎŜ ŦƻǊ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴ ǊŜōƻǳƴŘ ƛƴ ол ¦{ ǎŜŎǘƻǊǎ ŀƴŘ ŀ ǘƻƻƭƪƛǘ ŦƻǊ ǊŜōƻǳƴŘ ŀƴŀƭȅǎǘǎΦέ ǿŀǎ 

provided and is expected to be published in Energy Economics in 2011. In addition to this analysis, an 

open source toolkit is available to conduct a comparable analysis for any country, or sector, for which the 

data are available. Based on the aggregate results, this analysis shows that improvements in energy 

efficiency in the US industry sectors have an estimated 20-60% direct rebound effect over the long term 

(1990-1995) It shows rebound to have averaged 121% in the 1980-ур ǘƛƳŜ ŦǊŀƳŜ όάōŀŎƪŦƛǊŜέύΣ тр҈ ƛƴ ǘƘŜ 

1985-90 time frame, and 60% in the 1990-95 period. Changes in factor prices over this time period are 

one contributing factor for these trends. The analysis shows key variations in rebound effect, per sector, 

over the short to long term and that energy intensive sectors, e.g. utilities, transportation, chemical and 

agriculture, have the largest rebound effects as energy services are easily substituted for other factors of 

production (Saunders, 2010).   

5.3 CASE: ENERGY EFFICIENCY POLICIES & PROGRAMMES (EU)   

Rebound effects for energy efficiency policies and programmes have been measured in 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 on energy efficiency and the rebound effect, in particular economy wide 

(Sorrell, et al, 2007). Following this, a series of projects have been funded to investigate the source and 

magnitude of energy efficiency related economy wide rebound effects (Barker et al, 2009; Turner, 2009 

& 2010). UK studies have estimated the total rebound effect (micro and macro), arising from UK energy 

efficiency policies and programmes for the period 2005-2010 covering industry, households, transport 

                                                           
5 The data set is available at http://dvn.iq.harvard.edu/dvn/dv/jorgenson;jsessionid=5f474ccc4bb102aec4ff946761c8   and the econometric 

approach is in line with Jorgenson (2000) and Jorgenson, Ho and Stiroh (2005) .  

http://dvn.iq.harvard.edu/dvn/dv/jorgenson;jsessionid=5f474ccc4bb102aec4ff946761c8
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and commerce as 26% by 2010. Of this 15% is attributed to direct and 11 % to economy-wide rebound 

effects (4CMR,2006) . As illustrated in Figure 5.4, the largest direct rebound effects were identified for 

the road transport and household sectors, whereas the largest indirect and economy-wide rebound 

effects were for the energy-intensive and other industry sectors, with small direct, indirect and 

economy-wide rebound effects for the commerce sector.  

Figure 5.4: Total Rebound Effect (%) Difference between Base Case (2005) & Reference Case 
(Source: 4CMR, 2006) 

 
 

A recent University of Stirling project investigated economy wide rebound effects associated with energy 

efficiency for Scotland using a computable general equilibrium (CGE) model for the Scottish economy. 

The results showed that when energy efficiency is improved by 5 % in the production sectors of the 

Scottish economy, rebound effects are seen in most cases and eventually 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, 2009). University of Stirling 

have rebound related projects still ongoing including developing improvements to CGE modelling to 

enable a better understanding of rebound effects,  the impacts of supply 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 higher over time (31% by 2020 and 52% by 2050) (Barker et al, 2009). At 

the other end of the scale, in Germany, indirect rebound effects associated with twelve energy efficiency 

programmes proposed for an energy saving fund covering households, were estimated at 5.3%  based on 

estimates suggested for energy savings (Irrek, 2010). University of Brussels is running  the HECoRE 

Project Household Energy Consumption and Rebound Effect research project funded by the Belgian 

Science Policy Office  and runs April 2010- January 2012. The aim of the project is to study the direct 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 rebound. The project focuses 

on dwelling energy consumption (fuels + electricity) and household mobility (work + leisure). Direct and 

indirect rebound effects are to be investigated for the actual practices within households. As the size of 

the rebound effect is likely 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 household. Also, the links between poverty and 

energy consumption with fuel prices, mobility and land occupation are to be assessed. The REAP 
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modelling tool developed by the Stockholm Environment Institute (SEI) is being used to simulate the 

effects of different energy (pricing) policies to counter-act rebound effects. Key outcomes are expected 

to include an analysis of existing energy policies applying to households, recommendations about 

suitable instruments to mitigate rebound with a focus on energy pricing issues, the impacts on 

ƘƻǳǎŜƘƻƭŘǎΩ ǿŜƭŦŀǊŜΣ ŀƴŘ ǘƘŜ ǎƻŎƛŀƭ ŀŎŎŜǇǘŀōƛƭƛǘȅ ƻŦ ǘƘŜǎŜ ƛƴǎǘǊǳƳŜƴǘǎ (Nemoz, 2010). 

In France, a recent study coordinated by the French ministry of environment (2010) gives additional 

evidence on the rebound effect for CO2 emissions, for specific activities (heating and transport) as well as 

for the economy as a whole. The approach adopted is based on an input-output framework, which 

allows a separation of the different factors impacting the growth in CO2 emissions. Figure 5.5 illustrates 

this for transport. This shows that the overall growth in CO2 emissions associated with householdsΩ 

private transportation is essentially due to an increase in the distance travelled per person (yellow 

rectangle). Without the considerable gains in fuel efficiency recorded over the period, the growth in CO2 

would have been 12 % higher (red rectangle).  

 

Figure 5.5 Factors of evolution for household CO2 emissions related to private transportation 
(1990-2007) 

 

ADEME in conjunction with GrDF6 has recently launched a project (2010 -2012) on the measurement of 

direct and indirect rebound effects associated with energy efficiency for French households for water 

and space heating, when introducing technologies or upgrading building insulation This will involve up to 

two thousand households who will be surveyed and will have a key focus on identifying differences  due 

to energy  source e.g. gas, oil or wood (ADEME, 2010). 

  

                                                           
6 GrDF is the main gas distribution operator in France. 
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5.4 CASE: HOUSEHOLD APPLIANCES (EU)  

For the EU-27, while the energy efficiency per unit of product for types of household appliances has 

improved significantly over the past two decades, these product improvements have been outstripped 

by increases in ownership and increased use of appliances (EEA, 2010; JRC/IE, 2009). As a result, overall 

electricity consumption per household for lighting and appliances has gone up, illustrating the rebound 

effect (EEA, 2010). Key examples are fridges, washing machines and dishwashers as shown in Figure 5.6 

 

Figure 5.6: Trends in Appliance Energy Efficiency and Ownership ς EU-27 (Source: EEA, 2010) 

 
 

 Part of this increase is due to increasing numbers of households and disposable income, increased 

ownership of multiple appliances per household (e.g. refrigeration products), rising demand for A/C 

especially from Mediterranean countries and usage changes, for e.g. components of ICT having high 

rates of standby/idle energy consumption (JRC/IE, 2009, Owen, 2006 & 2007).  

 

Similar trends in electricity use in the domestic sector have been found in Japan and within the EU-27, 

Denmark and the UK. For example in the UK, the typical electricity consumption in the home has more 

than doubled from the 1970s to the 2000s despite the efficiency of typical household 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 many morŜ ŜƭŜŎǘǊƻƴƛŎ ǇǊƻŘǳŎǘǎ ǘƘŀƴ ƛǘ ŘƛŘ ǘƘǊŜŜ ŘŜŎŀŘŜǎ ŀƎƻ ŀƴŘ ŦŀŎƛƭƛǘƛŜǎ ǎǳŎƘ ŀǎ ΨǎǘŀƴŘ-

ōȅΩ ŀƴŘ ΨƛŘƭŜ ƳƻŘŜΩ ƘŀǾŜ ŀƭƭƻǿŜŘ ŀǇǇƭƛŀƴŎŜǎ ǘƻ ōŜ ƭŜŦǘ ƛƴ ŀƴ ŜƴŜǊƎȅ-using mode indefinitely.  The number 

of the same appliance has increased in the home with an average of 2.5 TVs now present in UK 

households for example (DECC Act on CO2). 

 

If we take fridges as an example, between 1990 and 2001 the average energy consumption of a 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 fridge-freezer and a further chest 
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freezer in an outhouse or garage.  Similar trends in electricity use in the domestic sector have been 

found in Denmark [Danish Energy Agency, 2010].  Again these rises in electricity use are in contrast to 

rising efficiency standards in most of the main energy-using household appliances. 

 

Hence this is an example of the direct rebound effect where increasing energy efficiency standards for 

these products has not led to economy-wide savings in energy and carbon terms; instead energy 

demand/use has risen steadily. 

 

5.5 CASE: LIGHTING (DEVELOPED & DEVELOPING COUNTRIES)  
 

The rebound effect associated with energy efficiency in lighting is estimated at 5-12% in developed 

countries for private households and 0-2% for industry and commerce (IEA, 2005). The ever-growing 

demand for artificial light in the home (e.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 the year 2000, in 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 light-emitting 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 solid-state lighting (SSL) (e.g. semiconductor LEDs, Organic Light-Emitting 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 to 

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 to show that 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 

developed countries and no empirical evidence, has been found to date.  

 

Lƴ ǘƘŜ 9¦Σ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ǊŜŦŜǊŜƴŎŜ ǎŎŜƴŀǊƛƻ ƻŦ ǘƘŜ 9ǳǊƻǇŜŀƴ /ƻƳƳƛǎǎƛƻƴΩǎ twLa9{ ƳƻŘŜƭ όǿƘƛŎƘ 

includes  the effect of existing energy efficiency policies and the anticipated effects of the climate 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 in Figure 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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Figure 5.7: EU housing efficiency trends, 1990 ς 2004 (ECOS analysis of EU data, Source: 
Callwell, 2010) 

 
 
The case of developing countries and unmet demand: 

¶ 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 solar lanterns were first 

introduced to replace kerosene lamps in rural households in India, a rebound of 50-80% was 

calculated based on the calculated reduction in the use of kerosene and the actual reduction (Roy, J. 

2000). The actual kerosene savings worked out to 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. 

 

¶ 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 presumed (Ouyang 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 consumption in Chinese households. 

 

5.5.1 REBOUND DEFINITION IN THE LIGHTING SECTOR AND LINKS 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 called rebound through reversion and 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 the technology, traditions, 

norms and dissatisfaction with the quality of the service. It is to prevent such a risk of seeing further 

ΨǊŜōƻǳƴŘ ǘƘǊƻǳƎƘ ǊŜǾŜǊǎƛƻƴΩ ǘƘŀǘ ǘƘŜ ƭƛƎƘǘƛƴƎ ƛƴŘǳǎǘǊȅ ƛǎ ǎǘǊƛǾƛƴƎ ǘƻ ǘŀŎƪƭŜ ǘƘŜ ǉǳŀƭƛǘȅ ŎƻƴŎŜǊƴǎ ƻŦ [95ǎ 

before any major roll-out 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 End-Use Equipment (4E) to provide guidance on appropriate 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 phase-out of incandescent light bulbs as 

ŀ άǇƻǎǎƛōƭȅ ƛƴŜŦŦŜŎǘƛǾŜ ǇƻƭƛŎȅέ - if it is not complemented by higher prices of energy (electricity) - because 

of the direct (more lamps and more light hours) and indirect (re-spending of direct monetary savings) 

rebound effects. 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 substitute for heat 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 21% 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 technical/physical effect 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 prioritised according 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 particular in the last 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 also lowered fuel consumption. All of these factors have contributed to 

increased fuel efficiency per tonne-kilometre. Different studies which analysed the rebound effect of 

energy efficiency improvements for commercial transportation show rebound effect measurements 

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 oil-based energy commodities in all time periods, in the target sector 

and at the economy-ǿƛŘŜ ƭŜǾŜƭΦ 5ŜǎǇƛǘŜ ǘƘŜ р҈ ƛƴŎǊŜŀǎŜ ƛƴ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅΣ άǘǊŀƴǎǇƻǊǘέ ǊŜƭŀǘŜŘ ƻƛƭ 

consumption only falls by 3.2% in the short run and by slightly less, 3.1% over the long run. The 

άǘǊŀƴǎǇƻǊǘέ ƻil rebound effect 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 elasticities. The results show that 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 40-80%. Gately (1990) used econometric analysis on U.S. data to estimate the fuel price 

elasticity of heavy goods vehicles transport and found a statistically significant  rebound effect of 37%. 

 

The decreasing cost for transportation of goods has made longer distances and more frequent transport 

journeys cost-effective. Lower costs for transportation have also increased the movement of goods for 
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different steps in the manufacturing process. During the 1970s, fuel costs amounted to around 30% of 

total cost in 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 a significant reduction and enables these changes in the production structure (Ruzzenenti 

& Basosi, 2008). Ruzzenenti & Basosi (2008) show that outsourcing i.e. the distribution of the different 

steps of the supply chain to different locations, is the main reason for traffic density growth, so not only 

longer distances were driven, but also the frequency of transport between locations has increased. This 

is a new development in the overall commercial freight economic system of production and is relevant to 

economy wide rebound effects. Outsourcing relies mainly on lower transportation costs, which enables 

an expansion ƛƴ ƳŀǊƪŜǘǎΩ ǇƘȅǎƛŎŀƭ ōƻǊŘŜǊǎΣ ŀƴ ƛƴǘŜƎǊŀǘƛƻƴ ƻŦ ƳŀǊƪŜǘǎ once isolated and the placement of 

segments of production in different places. A causal link was identified between fuel efficiency gains, the 

lower costs of transport and the growth of outsourcing Ruzzenenti & Basosi, 2008). 

5.7 CASE: PRIVATE TRANSPORT 

This case shows that when fuel efficiency increases for private cars, and it is accompanied by a reduction 

in fuel costs, this can lead to more miles being driven in private cars and, ultimately, greater overall fuel 

usage. This is a classic direct rebound effect where the improvement of fuel efficiency leads to more 

consumption due to ǘƘŜ ǳǎŜǊΩǎ ŎƘƻƛŎŜ ǘƻ ŘǊƛǾŜ ƭƻƴƎŜǊ ŘƛǎǘŀƴŎŜǎΦ In the EU, mobility is responsible for 

мрπнр ҈ ƻŦ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘǎ in most impact categories (JRC/IPTS, 2006). As illustrated in 

Figure 5.8, while fuel efficiency per car has improved over recent decades, the savings have been offset 

by growing consumption of private car travel in the EU-27 (EEA, 2010). 

 

Figure 5.8: GrowtƘ ƛƴ ǇǊƛǾŀǘŜ ŎŀǊ ǘǊŀǾŜƭ ǾŜǊǎǳǎ ŦǳŜƭ ŜŦŦƛŎƛŜƴŎȅ ƛƴ 9¦πнтΣ мффнπнллу  ό{ƻǳǊŎŜΥ 
EEA, 2010) 

 
 

Studies in OECD countries have estimated the rebound effect associated with fuel efficiency in private 

cars to be between 10-30% (Sorrell, 2007). This reflects the elasticity of vehicle travel with respect to fuel 

price (transportation elasticities). According to Victoria Transport Institute, a 10% increase in fuel 

efficiency actually provides a 7-8% net reduction in fuel consumption and a 1-3% increase in vehicle 

mileage (Victoria Transport Institute, 2010). 
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5.8 CASE: FRENCH ECO PASTILLE SCHEME & VEHICLES 

In 2008, the French government introduced an écopastille scheme aiming to encourage a transition 

towards vehicles with lower CO2 ŜƳƛǎǎƛƻƴǎΦ ¢Ƙƛǎ ǎŎƘŜƳŜ ƛƴŎƭǳŘŜŘ ŀ άōƻƴǳǎ-Ƴŀƭǳǎέ Ǉƭŀƴ ǿƘƛŎƘ ǇǊƻǾƛŘŜŘ ŀ 

subsidy for the purchase of efficient vehicles (bonus) and an extra charge for inefficient vehicles (malus). 

The bonus-Ƴŀƭǳǎ ǊŀƴƎŜŘ ŦǊƻƳ ŀ ǎǳōǎƛŘȅ ƻŦ ϵрΣллл  ŦƻǊ ǾŜƘƛŎƭŜǎ ŜƳƛǘǘƛƴƎ ƭŜǎǎ than 60g CO2/km to a 

ǇŜƴŀƭǘȅ ƻŦ ϵнΣслл  ŦƻǊ ǾŜƘƛŎƭŜǎ ŜƳƛǘǘƛƴƎ ƳƻǊŜ ǘƘŀƴ нсл Ǝ /h2/km. Vehicles emitting between 131 and 

160g CO2κƪƳ ǊŜŎŜƛǾŜŘ ƴŜƛǘƘŜǊ ŀ ōƻƴǳǎ ƴƻǊ ŀ ƳŀƭǳǎΦ Lƴ ŀŘŘƛǘƛƻƴΣ ŀ άǎǳǇŜǊ-ōƻƴǳǎέ ƻŦ ϵолл  ǿŀǎ ƎƛǾŜƴ ƻƴ 

top of the normal bonus for the purchase of a vehicle emitting less than 130 g CO2/km 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 the social, economic, and environmental impact of the écopastille scheme. This study 

included a comprehensive cost-benefit analysis of the scheme and concluded that the ultimate result of 

the scheme (i.e. whether it brought a social-economic cost or benefit to the country) was highly sensitive 

to three variables in the calculation: 

ǒ the total effect of the bonus-malus scheme in reducing emissions; 

ǒ the opportunity cost for public funds; 

ǒ the price elasticity of driving, per kilometre. 

 

According to the value of these variables, the total social-economic impact of the scheme can change 

from positive (a benefit to society) to negative (a cost to society). Figure 5.9 summarises the effect of 

modifying these variables (variation 1 and 2) on the total socio-economic outcome of the scheme. 

 

Figure 5.9: Sensitivity of the social-economic cost-benefit analysis of the French écopastille 
scheme 

Variable Reference 
value 

Net result 
aϵ 

Variation 1 
(v1) 

Net result 
(v1) 
aϵ 

Variation 2 
(v2) 

Net result 
(v2) 
aϵ 

Effect of 
the bonus-
malus 
scheme in 
reducing 
emissions 

50% -17 40% -34 60% 0 

Opportunity 
cost for 
public funds 

1.30 -17 1.10 71 1.50 -105 

Price 
elasticity of 
driving, per 
kilometre 

-0.20 -17 -0.10 140 -0.30 -80 
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From a purely environmental perspective, the authors conclude that the scheme prevented the emission 

of 1.6 MT CO2 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 rebound effect topic (see Section 4.4). 

5.9 CASE: MOBILE DATA TRAFFIC  

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 other variables. 

This example shows how a technological advance, which changes how much time is required to 

accomplish a particular task, can significantly affect the overall energy consumption levels. 

 

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

9¦Σ ƛǎ ŀōƭŜ ǘƻ ŀŎƘƛŜǾŜ ƭƻǿŜǊ /hі ŜƳƛǎǎƛƻƴǎ ŦƻǊ ŀ ƎƛǾŜƴ ǉǳŀƴǘƛǘȅ ƻŦ Řŀǘŀ ǘǊŀƴǎŦŜǊǊŜŘ ǿƘŜƴ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ 

older GSM (2G) technology. This is because the data transfer rates of UMTS are so much faster than 

those of GSM, 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 increased opportunities to consume multimedia content. 

This gain in efficiency is, however, compensated 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 (which 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 increase in the 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 new technology, the fact that the technology allows for faster data transfer 

ǊŜǎǳƭǘǎ ƛƴ ŀ нпл҈ ƛƴŎǊŜŀǎŜ ƛƴ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴΦ ¢Ƙƛǎ ŜŦŦŜŎǘ ƛǎ ŘŜǎŎǊƛōŜŘ ōȅ DƛǊƻŘ Ŝǘ ŀƭΦΣ нлмл ŀǎ ŀ ΨǘƛƳŜ 

ǊŜōƻǳƴŘΩΦ CǳǊǘƘŜǊΣ ƎƛǾŜƴ ǘƘŜ ŦŀǎǘŜǊ Řŀǘŀ ǘǊŀƴǎŦŜǊΣ ƴŜǿ applications, such as streaming video, become 

possible. This leads to a significant increase in the time spent using the device and therefore the total 

quantity of data transferred increases greatly relative to typical levels of usage under the GSM 

technology, contributing to an even stronger rebound. 

5.10 CASE: PAPERLESS OFFICE & ICT 

Before the advent of Personal Computers (PCs), producing a professional typewritten document was 

time consuming and expensive. As the number of computers with internet access and  scanners 

increased, there was widespread hype that we would no longer need paper and the "paperless office" 

was presented as one of the great resource conserving aspects of technology (Dardozzi, 2008). The PC as 

the modern form of a typewriter, and, in particular, the PC used as a medium to access e-mail and other 

Internet services does have the potential to reduce paper consumption. Viewing on-screen is substituted 

for paper in many cases and there is also an optimisation effect as errors can be corrected before a text 

or picture is printed for the first time. However, these positive effects are substantially offset because 

ǘƻŘŀȅΩǎ t/ǎ ŀƴŘ ǇǊƛƴǘŜǊ ǘŜŎƘƴƻƭƻƎȅ ŜƴŀōƭŜ ǘƘŜ ǳǎŜǊ ǘƻ ǇǊƛƴǘ ƻǳǘ ƘǳƴŘǊŜŘǎ ƻŦ ǇŀƎŜǎ ǿƛǘƘ ŀ ŦŜǿ ƳƻǳǎŜ 
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clicks7 (and at relatively low cost). Therefore, overall ICT contributes to an increase of paper consumption 

(Hilty/Ruddy, undated ; Schneidewind et al, 2002. One contribution to this increased consumption is a 

direct rebound effect, due to technical efficiency gains (Hilty/Ruddy, undated) providing a gain in time 

and money, given that printing is very quick and cheap to 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 

household appliances case, this highlights the fact that technical solutions for environmental 

improvement should not be considered in isolation from behavioural trends.   

 

                                                           
7 Paper consumption was found to be a significant environmental impact of office imaging equipment in the EU Energy Using Products 

Preparatory Study (IZM, 2008). This did not look at the role of rebound effects, only the significant environmental impacts and potential for 
improvement. 
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6. MEASURES AND CASE EXAMPLES FOR TACKLING 
REBOUND EFFECT  

Based on the evidence review and stakeholder input,  this section describes evidence based measures 

identified to account for or , in theory counteract, the rebound effect in products/services or SCP 

interventions in order to reduce environmental impacts from consumption. These are illustrated with 

case examples, where available, to show how they can address rebound effects. Outside of the UK 

already recognising and accounting 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 measures and examples 

identified in the evidence are proposed for addressing   rebound, with some indicating the likely value, 

however they require further testing in practice.   

The measures identified and analysed are 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. 

6.1 DESIGN, EVALUATION & PERFORMANCE OF POLICY INSTRUMENTS  

6.1.1 RECOGNITION 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 includes a 15% 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 energy 
policies relating to home insulation  
 
The UK electricity and gas industries were privatised in the 1990s and a subsequent obligation was 
placed upon them to improve the energy efficiency of the domestic sector.  This obligation has been 
implemented over the intervening years through a series of programmes.  For example, the Energy 
Efficiency Standards of Performance (EESoP) programmes were in force from 1994-2002; they were 
then replaced by the Energy Efficiency Commitments (EEC) 1&2 which lasted until 2008.  The most 
recent incarnation of this policy measure has been known as the Carbon Emissions Reduction 
programme (CERT).  
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The programmes achieved energy savings primarily through the insulating of existing homes 
(retrofit) at a reduced cost to the consumer.  The two most common insulating measures were loft 
insulation and cavity wall insulation.  The expected energy and carbon savings (by which the success 
of these programmes have been measured) were calculated using the BRE Domestic Energy Model 
(BREDEM) [BRE 1985], a method consistent with European Standard EN832 and widely used in the 
UK for modelling energy heat demand in the home.   BREDEM uses a mixture of analytical and 
empirical techniques.   Savings for individual measures were calculated from a standard three-
bedroom semi-detached home (the most common home in the UK). 
 
In the past, it has been noted that the maximum theoretical improvement of thermal performance 
due to insulation measures has not been achieved in real-life situations, hence the corresponding 
calculated reductions in energy consumption not achieved.  And indeed policy measures in the UK, 
for example the Climate Change Programme and the EEC programmes, have taken this into account 
through the use of a reduction factor.  However, the exact reasons behind this reduced efficiency 
were unclear.  A study by Sanders and Phillipson (2006) reviewed a number of studies into the 
differences in measured and theoretical savings in installed insulation measures and clarified a 
number of areas of uncertainty. Sanders and Phillipson concluded that, previously, the terminology 
used surrounding the terms rebound, comfort-taking and reduction factor were used intermittently 
ǘƻ ƳŜŀƴ ŘƛŦŦŜǊŜƴǘ ǘƘƛƴƎǎΦ  hŦǘŜƴ ǘƘŜ ǘƻǘŀƭ ΨǊŜŘǳŎǘƛƻƴ ŦŀŎǘƻǊΩ ŀǇǇƭƛŜŘ ǘƻ ŀ ǎŀǾƛƴƎ ƳŜŀǎǳǊŜ ǿŀǎ 
aǘǘǊƛōǳǘŜŘ ǘƻ ΨŎƻƳŦƻǊǘ ǘŀƪƛƴƎΩΣ however, Sanders and Phillipson outlined a useful, clear terminology 
that explained the differences between these distinct terms. 
 

¶ Reduction factor - the amount by which the measured energy saving following refurbishment is 
less than predicted from theory 

¶ Comfort factor - the part of the reduction factor which can be identified as being caused through 
improved (increased) internal temperatures (through behavioural changes) 

¶ 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 the following 
conclusions.  Generally: 
 

¶ The figures suggest that the reduction factor can be approximately 50% of the theoretical 
expected energy saving, and 

¶   15% of the reduction is duŜ ǘƻ ŜȄǇƭƛŎƛǘ Ψ/ƻƳŦƻǊǘ ǘŀƪƛƴƎΩΦ 
 
These figures are rounded estimates from the previous studies and as such should not be considered 
precise values for any individual dwelling.  Instead they should be considered as typical for houses 
that have had their thermal performance enhanced by typically loft and cavity wall insulation. 
 
For each subsequent UK energy efficiency programme, the savings for each insulating (and other) 
measure are reviewed and recalculated under the auspices of OFGEM (Office of Gas and Electricity 
Markets) and Defra/DECC.  In 2008 for the launch of the Carbon Emissions Reduction programme 
(CERT) the government and OFGEM, in consultation with other stakeholders such as the Energy 
Saving Trust and BRE, took the decision to reduce the theoretically modelled savings for all individual 
ƛƴǎǳƭŀǘƛƻƴ ƳŜŀǎǳǊŜǎ ōȅ мр҈ ǘƻ ŀŎŎƻǳƴǘ ŦƻǊ ΨŎƻƳŦƻǊǘ ǘŀƪƛƴƎΩ ǿƘƛŎƘ ƘŀŘ ōŜŜƴ ǊŜǎŜŀǊŎƘŜŘ ŀƴŘ ǇǊƻǾŜƴ 
to exist over the intervening years (Martin & Watson 2006; Henderson, Staniaszek et al, 2003).  In 
addition, the Energy Saving Trust (Foreman, 2010), also in recognition of the rebound effect of 
comfort-taking, has decreased the energy savings per insulating measure, and hence cost saving 
advice per measure, it gives to consumers in line with official governmental policy in this area (DECC 
2010). 
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In conclusion, for the UK, the existence of a direct rebound effect through insulation measures has 
been proven to exist and accepted by governmental agencies to the point that the efficacy of 
existing carbon reducing policies have been downgraded by 15% reflecting the real-life occurrence 
of comfort-taking. Further, the DECC  Valuation  of energy use and greenhouse gas emissions for 
appraisal and evaluation June 2010 provides guidance and a spreadsheet tool8 to facilitate taking 
the rebound effect into account in policies that save energy (such as insulation), reduce energy bills 
and increase consumers disposable income, which may in turn lead to greater consumption of 
energy through the rebound effect (DECC, 2010). In accounting for the direct rebound effect in 
evaluations it recommends:- 
 

¶ Only the resource and emission savings of the net reduction in energy which results from the 
energy saving policy should be valued 

¶ The welfare derived from the direct rebound related increased energy use should be counted as 
a social benefit within the appraisal. When valuing this  the full retail price (including tax) should 
be used. This is based on the assumption that consumers are willing to pay at least the full retail 
price for the welfare they gain from the increased energy use. As an example, if an energy 
efficiency measure has the technical potential to reduce energy consumption by 100 units and 
ƭŜŀǾŜ ǘƘŜ ƭŜǾŜƭ ƻŦ άŎƻƳŦƻǊǘέ ǳƴŎƘŀƴƎŜŘΣ ōǳǘ ǘƘŜ ŎƻƴǎǳƳŜǊ ŎƘƻƻǎŜǎ ǘƻ ƻƴƭȅ ǊŜŘǳŎŜ ŎƻƴǎǳƳǇǘƛƻƴ 
by 40 units, then the rebound effect amounts to 60 units of energy and the net change in energy 
use is 40 units of energy. These 40 units are valued in accordance with the rest of this guidance, 
accounting for resource cost and emissions savings. The 60 units are valued at the full retail 

ǇǊƛŎŜΣ ŀǎ ŀ ǿŜƭŦŀǊŜ ōŜƴŜŦƛǘ όƛΦŜΦ ŀƴ ƛƴŎǊŜŀǎŜ ƛƴ άŎƻƳŦƻǊǘέύ ό59//Σ нлмлύΦ !ǎ ƛƭƭǳǎǘǊŀǘŜŘ ƛƴ Figure 
6.1 a screen shot of the spreadsheet tool, the rebound effect can be entered either as a 
percentage of the gross change in energy or as an absolute quantity. 

 

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

 
 
 

 

                                                           

8 Spreadsheet tool can be downloaded from http://www.decc.gov.uk/en/content/cms/statistics/analysts_group/analysts_group.aspx 
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6.1.2 CONSISTENT DEFINITIONS AND TOOLKIT FOR 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 confusion. The identification and selection of fit-for-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 effects. Defining 

the rebound effect clearly, for different policies/interventions, to avoid confusion of what the rebound 

effect is and its scope is essential.  A toolkit  for incorporating rebound effect in policy design & 

evaluation tools on a policy/intervention basis is needed.  Consensus should be built on 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 the different criteria used to determine the size of the effect.  

Given the challenges inherent to accurately quantifying the rebound effect (see sections 4.4. and 4.5) 

flexibility on measurement methods will be required. 

 

As the measurement of the rebound effect requires modelling, selecting appropriate modelling 

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 essential 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, et al. 2009 could be used as a starting point, 

though it is focused on energy efficiency. This study uses a post-Keynesian model E3MG which is a 

sectoral macroeconomic model for the global economy which has been designed to assess options for 

climate and energy policy and to allow for energy-environment-economy 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 equilibrium model. 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 non-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 to non-energy resources is therefore an 

important area of study. 

 

Improvements to data and measurements include:- 

¶ 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 countries, sectors and services 

Sorrell, 2010). 

 

¶ 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 of the 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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¶ Economy-wide 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). 

 

¶ In analysing energy consumption trends and rebound magnitudes, the inclusion of measured, 

flexible cost/production functions and use of measured technology gains for all factors of 

production is necessary (Saunders, 2010). 

 

¶ In CGE models, the responsiveness of direct and indirect demand to changes in the implicit price of 

energy and knock on effects on other prices is key (Turner, 2010). 

 

¶ Rebound measurement depends on how energy supply and demand behaviour, price responsiveness 

throughout the system etc. are specified. Research is required to clearly determine these 

specification issues. 

 

¶ 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 WATER POLICY AND 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 the topic. The case example below illustrates 

how  well intended, suggested water saving measures in the UK Code for Sustainable Homes may 

actually have perverse / unintended consequences of increasing water use, as well as increasing energy 

consumption due to human behaviour. This is not necessarily an official, evidence based example of the 

rebound effect, but has the same effect: driven by too low water flow and recycling technologies. It  

ŎƻǳƭŘ ōŜ ŎƻƴǎƛŘŜǊŜŘ ΨǊŜōƻǳƴŘ ǘƘǊƻǳƎƘ ǊŜǾŜǊǎƛƻƴΩ όŀǎ Ƙŀǎ ōŜŜƴ ƛŘŜƴǘƛŦƛŜŘ in evidence for lighting rebound 

effects) where consumers revert to higher use products as a result of dissatisfaction with the water 

saving technologies employed. It is included as an example for consideration, in particular for 

highlighting how considering the potential for rebound/unintended consequences early in policy 

development can prevent these outcomes, as well as for considering how the rebound effect can be 

defined in terms of water efficiency measures. Stakeholders also suggested technological advances, e.g. 

new irrigation technologies which allow expansion of agriculture into drier regions, could be an example 

of rebound effects in water  but no evidence was found to demonstrate this to date.  

 

DG Environment are planning to include rebound effects 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 what EU wide measures/policy options could be introduced concerning 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 rebound effect9. This 

can be used as an opportunity to measure water efficiency rebound effects.  

 

                                                           
9 Personal communication Andrea Name, DG Environment, Protection of Water Environment (D1) (Dec.2010) 

with details on the review of water policy at http://ec.europa.eu/environment/water/quantity/scarcity_en.htm. 

http://ec.europa.eu/environment/water/quantity/scarcity_en.htm
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CASE EXAMPLE: UK HOMES - ά²!¢9w {!±LbDέ Latwh±9a9b¢{ Lb !¢¢!LbLbD ILDI9w Dw!59{ 
WITHIN THE UK CODE FOR SUSTAINABLE HOMES 
 
The Code for Sustainable Homes (CSH)( DCLG, 2007) is an environmental impact assessment rating 
scheme for homes that complements (and goes further than) the mandatory Building Regulations in 
England and Wales.  It was introduced in England in 2007.  The Code goes beyond the minimum 
needed to comply with the Regulations and has a star rating system 1-6 for environmental efficiency, 
(although a zero rating is available).  In March 2008, the Govt announced that every new home built 
would be rated against the standard, even if that rating came out as zero.  No specific requirement 
was set, but the rating will inform home buyers to whether their new home was built to basic 
standards (i.e. UK Building Regulation standard) or has had additional environmental efficiency 
standards included. 
 
The Code awards new homes a star rating between 1 and 6.  Where 1 is entry level above Building 
Regulations and 6 shows best practice products and efficiencies have been included.  There are 9 
sustainability criteria that performance is based on, and these are combined to give the overall 
rating: 

Á energy and CO2 emissions 
Á water and runoff 
Á materials 
Á waste 
Á pollution 
Á health and well-being 
Á management 
Á ecology. 

 
The CSH makes water efficiency a core and compulsory criterion which cannot be traded against 
other measures.  However, the way in which water is rated under the CSH makes it possible for 
designers to make water-illiterate choices which could actually increase the use of water (and 
carbon) in some products/appliances.  Although carbon emissions from water are only 0.6% of total 
UK CO2 emissions, this rises to 5% when domestic hot water emissions are taken into account (Green 
Building magazine, 2008).  Therefore it is important that hot water consumption should be 
minimised in homes. 
 
The CSH currently makes use of a water calculator to work out what measures are needed to ensure 
compliance with various levels of the code.  Therein lies the problem with water efficiency and the 
Code.  The calculator currently makes compliance with certain grades impossible without installing 
fittings that may prove unacceptable to users (mainly due to the unfeasibly low flow rates required, 
e.g. 1.7 litres/min for spray taps in kitchens are required for meeting higher code levels, however it 
has been  seen that stakeholders will not accept products with flow rates of less than 8 litres/min).  
The installation of too low-flow rate products/appliances will result in disillusionment from users 
and the tendency to remove the low-flow appliances and replace with much higher flow-rate 
models, hence resulting in a much higher water/energy use than would be calculated for the CSH 
star awarded (Green building magazine, 2008). 
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6.1.4 INCORPORATING 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 services. A 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 other variables, including the 

demand, remain unchanged (called the ceteris paribus assumption). 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 can ōŜ ƛƴŎƻǊǇƻǊŀǘŜŘ ƛƴ  [/! ōȅ ǊŜǇƭŀŎƛƴƎ ǘƘƛǎ άŎƻƴǎǘŀƴǘ ŘŜƳŀƴŘ 

ŀǎǎǳƳǇǘƛƻƴέ ŎǳǊǊŜƴǘƭȅ ƛƴŎƭǳŘŜŘ ƛƴ ǘǊŀŘƛǘƛƻƴŀƭ [/! ŀǎ ǇŜǊ L{hмплплκпп ǿƛǘƘ άŎƻƴǎǳƳǇǘƛƻƴ ŀǎ ǳǎǳŀƭέ 

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 is already used 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 CIRAIG10 study (Dandres et al, 2010) and show a promising new 

approach. In particular this showed that a general equilibrium macroeconomic model can be used to 

simulate world markets behaviour and LCA used to assess environmental impacts attributed to markets 

behaviour. Consequential LCA (which assesses the effects of changes in the lifecycle) vs. the more 

traditional attributional LCA (which assesses the environmental properties of the lifecycle and associated 

sub systems) was used in both the Swiss and Canadian studies. However, guidance and use of 

consequential LCA is still limited in practice.  

 

The study   measured  the rebound effect associated with household consumption of  hybrid cars in 

Switzerland in light of government subsidies for hybrids being made available. The hybrid model, and 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 currently underutilised in the EU, 

even in Member States when Household Expenditure Surveys exist. It shows how improving questions on 

household expenditure though  Household Expenditure Surveys can facilitate a more accurate 

understanding of the direct and indirect rebound 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 assessment stage.  

6.2 SUSTAINABLE LIFESTYLES & CONSUMER BEHAVIOUR 

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 account (Defra, 2007; UNEP, 2010, 

EEA, 2010). There are multiple ways to influence consumer behaviour and to promote sustainable 

ƭƛŦŜǎǘȅƭŜǎ ƛƴŎƭǳŘƛƴƎ ŎƭŜŀǊƭȅ ŘƻŎǳƳŜƴǘƛƴƎ ŀƴŘ ƛƴŦƭǳŜƴŎƛƴƎ ŎƻƴǎǳƳŜǊ ōŜƘŀǾƛƻǳǊ όάƛƴŘƛǾƛŘǳŀƭ ŀǿŀǊŜƴŜǎǎ 

ǊŀƛǎƛƴƎέύΣ ƎŜƴŜǊŀƭ ŀǿŀǊŜƴŜǎǎ ǊŀƛǎƛƴƎ ŀƴŘ ƛƴŦƻǊƳŀǘƛƻƴ ŎŀƳǇŀƛƎƴs, setting up of environmentally relevant 

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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¢ǊŀŘƛǘƛƻƴŀƭƭȅΣ ŎŀƳǇŀƛƎƴǎ ŀƴŘ ƛƴƛǘƛŀǘƛǾŜǎ ǘǊȅƛƴƎ ǘƻ ǊŀƛǎŜ ŎƻƴǎǳƳŜǊǎΩ ŀǿŀǊŜƴŜǎǎ ƻŦ ǎǳǎǘŀƛƴŀōƭŜ ōŜƘŀǾƛƻǳǊ 

are targeted 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 consumption. Concerning the rebound effect, consumers need to be 

made aware that buying energy-efficient equipment or driving fuel-efficient cars in itself is not enough 

but overall (absolute) reduction of resources/energy/fuels needs to be attained. There 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 or economy-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 France. In the following examples, the most important empirical approaches are outlined to 

limit rebound effects through behaviour change towards sustainable lifestyles.  

6.2.1 INFORMING CONSUMER BEHAVIOUR IN ORDER TO INFLUENCE IT  

 

People tend to consume more of 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, and at which cost, such a 

feedback would likely motivate them to reduce non-essential energy use (Dimitropoulos, 2009). As a 

consequence, people should be confronted with their individual consumption patterns and thus be 

motivated to reduce the absolute consumption of 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 by Darby (2006) in the longer term and on a larger scale SMART meter, clear 
displays, informative billing and annual energy reports can promote investment as well as influencing 
behaviour. Energy savings have been shown to be about 5-15% for direct feedback via the SMART meter 
or an associated display monitor and 0-10% for indirect feedback which has been processed before it 
reached the user, normally energy and electricity billing. Wright et al. (2000) says better billing feedback 
produced savings of up to 10% in electrically heated homes in cold climates, mainly using simple manual 
methods. Homes without electric heating could reach energy savings between 0 - 5% range.  
 
Two separate Norwegian studies focused on the effects of various forms of enhanced billing information 
ƻƴ ǘƘŜ ŎƻƴǎǳƳǇǘƛƻƴ ƻŦ ŎǳǎǘƻƳŜǊǎ ǎƘƻǿ ǘƘŀǘ ǘƘƛǎ Ŏŀƴ ƘŀǾŜ ŀ ƳŀǊƪŜŘ ŜŦŦŜŎǘ ƻƴ ŎƻƴǎǳƳŜǊǎΩ ƛƴŎŜƴǘƛǾŜ ǘƻ 
use energy efficiently. One study analysed the use of electricity bills and tested the effect of (1) showing 
a comparison between current consumption and that in previous years; (2) more frequent billing (e.g. 
every 60 days) and (3) using graphs on the bill. The study shows that all these changes tended to produce 
average energy savings of 10% which were maintained once they had been reached for the first year 
(Wright et al 2000; SMWG 2001). 
 
The second Norwegian study tested the effects of enhanced billing information. The customers (sample 
size 2000 households) read their own meters every 60 days and sent the data to the utility company. 
After a year the customer got a clear bill with the energy consumption over the year.  The results showed 
consumer satisfaction with the information supplied and an increase in the number of those who 
reduced room temperature at night or when they left the house. The same 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 households had effectively made savings of 8% (Wright et al 2000, SMWG 2001). 
 
A specific campaign has been undertaken by the German green electricity company ά[ƛŎƘǘōƭƛŎƪέΣ ōŀǎŜŘ 
on the notion that the most environmentally friendly electricity is electricity that is not 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), LicƘǘōƭƛŎƪ Ǉŀȅǎ ŀ ά[Ŝǎǎ ƛǎ ƳƻǊŜέ .ƻƴǳǎ ƻŦ ϵнлΦ {ǳŎƘ ŀ ŎŀƳǇŀƛƎƴ ŎƻƳōƛƴŜǎ 
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 enable consumers 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 any indirect rebound effects 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 saved, from e.g. using less energy or fuels, on other, high-carbon purchases, like additional flights. A 

UK study showed estimated indirect rebound effects of around 34 % for three GHG abatement actions   

advocated on websites to consumers by the UK government ς reducing 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 reduce this indirect rebound effect to 12% 

by encouraging 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 raise awareness. 

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 effects is 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, advocating a shift from 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 countrȅΩǎ success by 

increased growth using GDP, and increasing consumption (Maxwell, 2006, Jackson, 2009, NEF, 2010).  A 

few countries are now working on defining indicators beyond GDP to measure success relating to natural 

and social capital e.g. the new quality of life measures covering environmental and sustainability issues, 

as well as economic performance (ONS, 2010)11Σ CǊŀƴŎŜΩǎ {ǘƛƎƭƛǘȊ ǊŜǇƻǊǘ ǊŜŎƻƳƳŜƴŘƛƴƎ D5t ƎǊƻǿǘƘ ōŜ 

used just to measure market activity and that new systems take into account environmental health, 

safety and education -- what Bhutan already calls "Gross National Happiness." (Stiglitz, 2009)12. A recent 

ǊŜǇƻǊǘ άtǊƻǎǇŜǊƛǘȅ ǿƛǘƘƻǳǘ DǊƻǿǘƘέ ŀŘǾƻŎŀǘŜǎ steering the economic system away from consumption 

                                                           
11 http://www.ons.gov.uk/about/consultations/measuring-national-well-being/index.html 
12 http://www.france24.com/en/20090914-france-advocates-new-ways-measure-growth-based-well-being-gdp-stiglitz-report-nobel-economics-

sarkozy-statistics) 

http://www.ons.gov.uk/about/consultations/measuring-national-well-being/index.html
http://www.france24.com/en/20090914-france-advocates-new-ways-measure-growth-based-well-being-gdp-stiglitz-report-nobel-economics-sarkozy-statistics
http://www.france24.com/en/20090914-france-advocates-new-ways-measure-growth-based-well-being-gdp-stiglitz-report-nobel-economics-sarkozy-statistics
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driven economic growth while keeping the economy stable and resilient (Jackson, 2009a & 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 

enormous 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 

macro-economics needs to be adapted to sustainability. The 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 short, new macro-ŜŎƻƴƻƳƛŎǎ Ƴǳǎǘ  άabandon the presumption 

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 ς and in particular to participate meaningfully and creatively in the life of society ς in less 

materialistic waysέό WŀŎƪǎƻƴ, 2009).  

 

Further initiatives on this topic from think tanks and research include from ά5ŜƎǊƻǿǘƘέ13, in France 

(Degrowth, 2010) and New Economics Foundation, UK (NEF, 2010). TƘŜ άDegrowth ƳƻǾŜƳŜƴǘέ Ƙŀǎ 

political, economic and social attributes. Degrowth thinkers and activists promote the downscaling of 

production and consumption, as they view overconsumption to be the root of environmental issues and 

social inequalities. While the model "Sustainable Development" aims to incorporate environmental 

sustainability into continued economic growth, "De-growth" is critical of further growth in the face of a 

stressed ecosystem - advocating  significant reductions in resource consumption and limits to economic 

development (Rose, 2010). Some demands of the degrowth movement sound utopian in light of  current, 

real-world systems and would need further consideration to enable practical application. 

  

6.2.2 APPROACHES TO LEVERAGE BEHAVIOUR CHANGE  

 

There are psychological limits to the effectiveness of awareness raising and simple information 

campaigns, when compared to alternative methods of learning (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 awareness raising and information initiatives 

underestimate the complexity associated with achieving behavioural change. Behaviour is determined by 

ŀ άǊƛŎƘ ƳƛȄǘǳǊŜ ƻŦ ŎǳƭǘǳǊŀƭ ǇǊŀŎǘƛŎŜǎΣ ǎƻŎƛŀƭ ƛƴǘŜǊŀŎǘƛƻƴǎΣ ŀƴŘ ƘǳƳŀƴ ŦŜŜƭƛƴƎǎ ǘƘŀǘ ƛƴŦƭǳŜƴŎŜ ǘƘŜ ōŜƘŀǾƛƻǳǊ 

ƻŦ ƛƴŘƛǾƛŘǳŀƭǎΣ ǎƻŎƛŀƭ ƎǊƻǳǇǎ ŀƴŘ ƛƴǎǘƛǘǳǘƛƻƴǎΦ ¢ƘŜ ƛŘŜŀ ƻŦ ΨŎƻƴǎǳƳŜǊ ǎƻǾŜǊŜƛƎƴǘȅΩ ŀƴŘ ΨǊŀǘƛƻƴŀƭ ŎƘƻƛŎŜ 

ƳƻŘŜƭǎΩ ƛs mistaken, or at best, incomplete given that it does not take into account social pressures and 

ǇǎȅŎƘƻƭƻƎƛŎŀƭ ƛƴŦƭǳŜƴŎŜǎ ƻƴ ǇŜƻǇƭŜΩǎ ōŜƘŀǾƛƻǳǊέ όWŀŎƪǎƻƴΣ нллрύΦ Lƴ ǇŀǊǘƛŎǳƭŀǊΣ ǎǳǎǘŀƛƴŀōƭŜ ŎƻƴǎǳƳǇǘƛƻƴ 

policies must find ways to tackle the question of habit and routine behaviours, and the social embedding 

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

                                                           
13 http://www.degrowth.net/Adresse-Address 

http://www.degrowth.net/Adresse-Address
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outlined to influence consumer behaviour even if they have not typically been specifically developed to 

counter (mostly direct) rebound effects.  

 

¶ Product standards, 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 such as heating, 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 

ŀ ŎŜǊǘŀƛƴ ƎƻƻŘΦ ¢Ƙƛǎ Ŏŀƴ ƘŜƭǇ ǘƻ ŀǘǘǊŀŎǘ ǘƘŜ ŎƻƴǎǳƳŜǊΩǎ ŀǿŀǊŜƴŜǎǎ ǘƻ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘΦ !ƭǎƻ 

technical standards can help shape habits or overcome environmentally harmful habits. For example, 

automatic heating systems can be programmed to automatically turn down at night-time 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 restrict comfort to the necessary, thereby helping consumers lose the habit of 

unnecessary overheating. Thereby, absolute consumption of fuels and other resources can be attained.  

¢ƘŜ ǎǘŀƴŘŀǊŘƛǎŀǘƛƻƴ ƻŦ ǘŜŀŎƘƛƴƎ άƎǊŜŜƴ ŘǊƛǾƛƴƎέ ƛƴ ŎŀǊ ŘǊƛǾƛƴƎ ƭŜǎǎƻƴǎΣ ŀƴŘ ǘƘŜ relevance of the use of 

ǘƘŜǎŜ ƎǊŜŜƴ ŘǊƛǾƛƴƎ ǘŜŎƘƴƛǉǳŜǎ ƛƴ ōŜƛƴƎ ƎǊŀƴǘŜŘ ŀ ƭƛŎŜƴŎŜ ƛǎ ŀƴ ŜȄŀƳǇƭŜ ƻŦ Ƙƻǿ ǘƻ ƎǳƛŘŜ ŎƻƴǎǳƳŜǊǎΩ 

behaviours from the beginning.  Such training could potentially also be used to absolutely reduce vehicle 

mileage, e.g. by teaching people 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 journeys as disproportionate to the 

convenience of taking the car.  

 

¶ Positive example of role Models 

Role models for consumers from other sectors such as business, government, schools and other social 

linkages are a route for transferring pro environmental behaviours (DEFRA, 2007). Some examples of this 

are outlined below.  

 

o Employers are an important social reference group, and can be models for certain sustainable 

behaviour at the work place, e.g. with regard to the control of heating standards, regulation (SMART-

metering), and waste management/reduction. Any such actions have the potential of translating into 

sustainable behaviours of the employees at home. 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 waste with the aim to absolutely reduce consumption of energy and waste production. 

Public Authorities and institutions (inter alia schools) need to be models in their environmental 

behaviour.  As such they have to focus on visible Environmental Management Systems monitoring 

energy and resource consumption in public buildings, aiming to absolutely reduce energy and 

resource consumption. Public authorities should also make the most of green public procurement 

with the aim to reduce consumption of resources and energy. 

 

o Opinion leaders: The social-symbolic role of consumer goods and services occupies an important 

ǊƻƭŜ ƛƴ ƳƻŘŜǊƴ ŎƻƴŎŜǇǘǳŀƭƛǎŀǘƛƻƴ ƻŦ ƛŘŜƴǘƛǘȅ ŀƴŘ ǘƘŜ ƴŜƎƻǘƛŀǘƛƻƴ ƻŦ ǘƘŜ ΨǎŜƭŦ-ŎƻƴŎŜǇǘΩΦ aŀǘŜǊƛŀƭ ƎƻƻŘǎ 

and services (e.g. holiday destinations, bigger cars) play an important role in the process of identity 

construction. This is one of the key elements in the sociology and psychology of consumption. The 
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ƛŘŜŀ ǘƘŀǘ ƳŀǘŜǊƛŀƭ ƎƻƻŘǎ ŀǊŜ ŀƭǎƻ ŀ ǇŀǊǘ ƻŦ ǘƘŜ ΨŜȄǘŜƴŘŜŘ ǎŜƭŦΩ ό.ŜƭƪΣ мфууύ ǘȅƛƴƎ ŎƻƴǎǳƳǇǘƛƻƴ 

patterns closely to individual and collective processes of identity construction is key. As a 

consequence, the social-symbolic roles of consumer goods need to be re-defined according to their 

environmental impact. In order to do this, opinion leaders and popular figures in society should be 

persuaded to promote a lifestyle and goods and services, which 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 defined as also acceptable to 

the mainstream.14 Such activities could be extended to promote absolute reduction of consumption 

of energy, etc. 

 

¶ Behaviour-influencing initiatives as an effective complementary strategy 

Persuasion is a form of social influence. It is the process of guiding oneself or another towards the 

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

Persuasion is particularly difficult in a message-dense environment (Jackson, 2005). Effective persuasion 

relies on observing a number of basic principles. These include: 

o understanding the target audience; 

o using emotional and imaginative appeal; 

o immediacy and directness; 

o commitments/loyalty schemes; 

o using ΨǊŜǘǊƛŜǾŀƭ ŎǳŜǎΩ ǘƻ ŎŀǘŀƭȅǎŜ ǘƘŜ ƴŜǿ ōŜƘŀǾƛƻǳǊΦ 

 

MASS MEDIA CAMPAIGNS - HEALTH 
 
In health promotion and disease prevention, mass media campaigns are one of the major information 
tools which have the aim to increase healthier behaviour in the population. Advantages are the wide 
reach and cost-effectiveness of these campaigns. A meta-analysis of 48 studies of the behavioral effect of 
mass-media health campaigns found that 9% more people performed the healthy behaviour after the 
campaign than before (Snyder 2001).  
 
A Norwegian study (Hafstadt et al. 1996) showed a successful example for an anti-smoking mass media 
campaign. The three-week campaign consisted of full page newspaper advertisements, a poster and TV 
and cinema spots. The messages of this campaign were designed to produce dissonance. They clearly 
pointed out inconsistencies between widespread attitudes in the target population, on the one hand, 
and smoking on the other hand. A questionnaire was sent to 5051 young people, answered by 73% 
showing that 12% of smokers had decided to quit smoking because of the campaign. The results also 
showed that discussion with peers was the most important trigger for behavioural changes among 
smokers. 
  
The examples from the health sector show mass media campaigns can lead to a long-time behaviour 
change and could also be used as tool, e.g. for the energy sector, to counteract rebound effect. 
Measures with the aim of reducing energy consumption could be accompanied by a campaign with 
energy saving tips to drive energy reduction behavior. But the success of the mass media campaigns 
depends on a number of design considerations. Randolph and Viswanath (2004) identify the following 
factors that contribute to the success mass media campaigns for public health, which can also be 
transferred to the energy or resource sector. Campaign messages should be simple and straightforward. 
It is important to have creative campaign messages and the right placement for the specific target group. 

                                                           

14 http://www.allabouthybridcars.com/hollywood-hybrids.htm  

http://www.allabouthybridcars.com/hollywood-hybrids.htm
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The integration of professional communication services enhances the probability of campaign success. 
And the campaigns can be more successful when they are accompanied by structural changes at the 
same time that provide the structure for the target audience to act on the recommended messages. 
Hafstadt et al (1996) points out that a discussion about the topic with other people for example from the 
peer group increases the success.  
 

SAFE DRIVING CAMPAIGN - UK ROAD SAFETY  
 
In the UK, the THINK! campaign for road safety was established in 2000. The starting point was the UK 
government target for reduction of road deaths and serious injuries by 40 % in 2010 compared to the 
average in 1994-98. The goal was improvement of road user behavior and higher acceptance of 
engineering and enforcement initiatives which would increase road safety. Parallel to the campaign, the 
UK Road Safety Act 2006 was adopted. The law regulates various road safety topics, like Drink Driving 
and Speeding. As one instrument, the law includes higher sentences by road deaths and higher penalties 
for the use of hand-held mobile phones during driving. 
 
The campaign supported activities of local authorities and targeted the activation of actions in the 
private sector. For the campaign clear specific messages were used to reach the audience and to get the 
media interested in road safety. The campaign used a mix of an emotional messages to people and 
delivered facts to increase the knowledge about road safety and the UK government targets. Different 
media channels, like TV, radio, press etc. were included to target local authorities and private sector 
companies. Sports sponsorship was involved to deliver the message to a wider audience (UK Department 
for Transport, 2011). 
 
The evaluation which accompanied Think! shows that in 2009 48 % of the interviewed people in the 
survey recalled road safety advertising. 80 % remembered the Think! logo and half of the survey 
participants believed that the campaign helps to make roads safer (Angle et al. 2009). 
 
The statistical data for the UK shows a decrease of 44 %  of killed or seriously injured people because of 
road accidents in 2009, 26,906 people, compared to the average figure 1994-98 of 47,656 killed or 
seriously injured. A similar result is shown, if reported casualties in road accidents are considered. 
319,928 casualties were registered for the average 1994-98, to 222,100 in 2009. The number of 
casualties dropped by 31 %  (UK Department for Transport, 2010). 
 

6.3 AWARENESS RAISING & EDUCATION IN BUSINESS  

A selection of misguided, albeit well intentioned, green advertising/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 GREEN ADVERTISING/MESSAGING CAUSING REBOUND 

Green advertising and communications has become very popular in recent years with a number of 
large, multinational companies beginning to try to gain market advantage by advertising their green 
credentials and appealiƴƎ ǘƻ ǘƘŜ ΨŜŎƻ-ŀǿŀǊŜΩ ŎƻƴǎǳƳŜǊΦ  9ȄŀƳǇƭŜǎ ŀǊŜ ŎŀƳǇŀƛƎƴǎ ǎǳŎƘ ŀǎ aŀǊƪǎ ϧ 
{ǇŜƴŎŜǊΩǎ Ψtƭŀƴ !Ω ǎǘǊŀǘŜƎȅ ŀƴŘ .ǊƛǘƛǎƘ DŀǎΩǎ ŎƭŀƛƳ ǘƻ ōŜ ǘƘŜ ƎǊŜŜƴŜǎǘ ƻŦ ǘƘŜ Ƴŀƛƴ ŜƴŜǊƎȅ ǎǳǇǇƭƛŜǊǎ ƛƴ 
the UK.  However, there are classic examples of how companies get confused about the messaging 
ǘƘŜȅ ŀǊŜ ǇǊƻƳƻǘƛƴƎ ŀƴŘ ƛƴŀŘǾŜǊǘŜƴǘƭȅ ŀŘŘ ǘƻ ŀƴ ΨƛƴŘƛǊŜŎǘΩ ǊŜōƻǳƴŘ ŜŦŦŜŎǘ ōȅ ŜƴŎƻǳǊŀƎƛƴƎ ǘƘŜƛǊ 
customers to indulge in environmentally damaging behaviours in one area whilst simultaneously 
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encouraging them to change their purchasing and behavioural habits for the environmental good in 
another. Three examples of this indirect rebound effect within advertising/communications are 
described below. 

Tesco - Ψ[ƛƎƘǘǎ ŦƻǊ CƭƛƎƘǘǎΩ ŀŘǾŜǊǘƛǎƛƴƎ ŎŀƳǇŀƛƎƴ  

This short-lived campaign (it was removed days after launch due to backlash from environmental 
commentators (Guardian, 2009) was promoting the environmental benefit of switching old 
incandescent light bulbs for new energy efficient CFL-type bulbs (at this time in the UK the 
government were phasing in a voluntary ban on high wattage incandescent bulbs and a number of 
the major supermarkets were promoting the purchase of (heavily discounted) energy efficient 
lighting products).  Unfortunately, their good intentions were negated by the juxtaposition of the 
offŜǊ ǘƻ ŜŀǊƴ Ψ!ƛǊ aƛƭŜΩ Ǉƻƛƴǘǎ ǘƘǊƻǳƎƘ ǘƘŜ ǇǳǊŎƘŀǎƛƴƎ ƻŦ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴǘ ƭƛƎƘǘ ōǳƭōǎΦ  {ŜŜ ǘƘŜ ŀŘǾŜǊǘ 
below. 

 

A simple calculation of the carbon saving from swapping from a 60 Watt light bulb to a 15 Watt CFL, 
per year, is approximately 34kg CO2/year (in a high use area, 4 hours per day15).  The carbon used by 
a single return flight London - Paris in economy class is approximately 60kg (DECC Act on CO2, 2010). 
The contradiction and potential consumer confusion inherent in any messaging that promotes, on 
the one hand, an environmentally friendly purchasing/behaviour change, but on the other, equally 
promotes an arguably more damaging behaviour, is clear.  
 

Ontario Power Authority - ΨtƻǿŜǊ tƭŜŘƎŜΩ /ŀƳǇŀƛƎƴ 

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

Á buying Energy Star appliances 
Á ōŜŎƻƳƛƴƎ ƳƻǊŜ ΨƭŀǳƴŘǊȅ ǎƳŀǊǘΩ 
Á getting a Home energy audit and following recommendations 

                                                           
15 Calculation for light bulb savings: CO2 saving: 60x4 = 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.  Saving: 45 - 11 = 34 kg CO2/year 






































































































































