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Energy efficiency policy must address rebound effects 
in order to achieve climate goals 

Recommendations for an effective energy efficiency and climate policy

1. A clear, target group-specific communication strategy on rebound effects is required, one that takes into 

account their existence in the private sector, industry, and at the macro-economic level and explains why it 

is necessary to contain them. A positive narrative should be developed that shows how political measures 

to counter rebound effects can contribute to socially desirable co-benefits.

2. The subsidy programs for energy efficiency in industry should be supported by a policy mix that also –  

but not only – includes an increase in CO₂ prices in order to effectively reduce rebound effects and thus 

contribute to the achievement of the climate goals.

3. It is necessary to develop a more extensive transformation strategy, as carbon neutrality cannot be  

achieved through energy efficiency policy measures alone. Instead, a structural change towards CO₂-free 

goods and industries and an absolute decoupling of growth and environmental impacts is required.  

Since decoupling is uncertain, the transformation strategy should be based on the precautionary post-
growth position.

Germany has committed itself to significantly reducing 
greenhouse gas emissions: to a 55 percent reduction from 
1990 levels by 2030 (Climate Protection Plan, 2050). The 
country wants to be largely greenhouse gas neutral by 
2050. Energy efficiency plays a key role in meeting these 
goals. The measures contained in the National Action 
Plan on Energy Efficiency (BMWi, 2014) were intended to 
reduce overall primary energy consumption in Germany 
by 20 percent from 2008 levels by the year 2020. Although 
this goal was nearly achieved a reduction of 18.7 percent 
(BMWi, 2021), thanks in no small part to the economic 
downturn and mild weather in 2020 – it is entirely un-
certain how further targets, to be met by the year 2030, 
namely a 30 percent reduction over 2008 in accordance 
with Germany’s Energy Efficiency Strategy 2050, are to be 
achieved. The expert commission convened by the Federal 
Ministry for Economic Affairs and Energy (BMWi) to over-
see the monitoring process (Energy of the Future, 2021) 
therefore comes to the conclusion in its latest statement 
that “the warning signal... in the field of energy efficiency 
is glowing red” (p. Z-5).

Even though energy efficiency measures frequently rep- 
resent the most cost-effective means to reduce CO₂ 
emissions, neither the private sector (homeowners) nor 
industry are taking full advantage of their potential. 
Accordingly, there are a number of incentive programs 
that encourage investment in energy efficiency mea- 
sures. Such subsidies are reasonable to the extent that 
they create incentives for investment, but they are also 
prone to rebound effects. Rebound effects are the 
unintended consequences of energy efficiency im-
provement measures that either reduce the poten-
tial for savings or even, in extreme cases, lead to in- 
creased energy consumption. Rebound effects under-
mine the effectiveness of investments in energy efficiency 
and thus widen the gap between climate goals and cur-
rent policies. Additional policy measures are necessary 
to ensure that investments in energy efficiency in Ger-
many reduce energy consumption in absolute terms and 
thus result in a relevant contribution to achieving the 
country’s climate goals.
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The problem: Rebound effects diminish energy savings from 
efficiency investments and jeopardize climate goals

Achievement of Germany’s energy reduction objectives 
requires a concerted effort in all areas of the national 
economy. The Energy Efficiency Strategy 2050 features 
a large number of measures addressing industry (BMWi, 

2019). These range from EU emissions-trading and na- 
tional CO₂ pricing, investment and funding programs,  
regulations and tenders, to informative instruments, 
audits and the promotion of energy efficiency networks. 
Subsidy programs play a central role in this, although the 
payback times for energy efficiency investments are often 
two to three years or less (Peuckert & von Andrian, 2019), 
meaning that such investments will likely pay off eco-
nomically in the short term even without incentives. As 
a justification for the funding, the Federal Ministry for 
Economic Affairs and Energy argues “that energy effi-

Empirical studies conclude that the rebound effects at 
both the industrial and the macroeconomic level are 
significant. With respect to industrial production, es-
timates for the USA, China, Norway, and Great Britain 
show substantial rebound effects, ranging from 24 to 75 
percent (Bentzen, 2004; Grepperud & Rasmussen, 2004; 
Orea et al., 2015; Saunders, 2013). At the macroeco- 

ciency is not part of the core business of [most] compa-
nies” (BMWi 2019, p. 17), therefore additional incentives 
are necessary.
While investments in energy efficiency in both priva-
te households and industry are central to achieving cli- 
mate goals, the level of technically possible energy sav- 
ings is in reality rarely achieved. One explanation for this 
are rebound effects – the unintended consequences of 
improvements in energy efficiency – meaning that the  
savings actually achieved are often lower than the theo- 
retical potential (Sorrell, 2007). Rebound effects are trig-
gered by various mechanisms that reduce savings poten-
tial or even, in extreme cases, lead to increased consump-
tion (‘backfiring’) (see Figure 1). 

Abbildung 1: Was sind Reboundeffekte und welche Mechanismen lösen sie aus? (Lange et al. 2021)

nomic level, there are by now many studies with differing 
approaches (Stern, 2020). Their assessment of the mag-
nitude of rebound effects vary significantly – from the 
low double-digits to more than 100 percent (Adetutu & 
Weyman-Jones, 2016; Jin & Kim, 2019; Zhang & Lawell, 
2017). These estimations suggest that rebound effects 
are of such magnitude that they should be included in 
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A rebound effect is the size 
of the impact of rebound 
mechanisms on energy  
consumption in relation to 
the theoretical energy  
savings potential of an energy 
efficiency improvement. 

Rebound mechanisms 



R
EC

A
P

 P
O

LI
C

Y
 B

R
IE

F 
2

 |
 0

3 

energy policy considerations, as they otherwise risk jeop- 
ardizing the achievement of ambitious climate targets. 
Studies show that the various energy efficiency pol- 
icy instruments differ in terms of their susceptibility to 
rebound effects (Semmling et al., 2016). The faster the 
amortization of an energy efficiency investment, the 
greater the likelihood and extent of rebound effects. 
Financial subsidies for such investments shorten the 
amortization period and thus contribute to rebound ef-
fects, since the costs saved are available to be spend in 
other ways, thus increasing consumption. From a busi-
ness point of view, this is entirely desirable. This is one 
of the reasons why the funding of energy efficiency in-
vestments in industry is one preferred instrument of the 
Federal Ministry of Economics and Technology (BMWi). 
In BMWI publications, the existence of rebound effects is 
either not mentioned at all or only in passing, and their 

impact on the effectiveness of the policy measures in use 
is not critically addressed. This is problematic in view of 
policy goals of absolute energy savings.
Unfortunately, to date there is little research that we can 
draw on as to how rebound effects can best be countered. 
Beyond the general demand that such rebound effects 
be adequately taken into account in policy-making, the 
economic research literature has provided few if any con-
crete suggestions. Absolute quantity restrictions (caps) 
and increasing energy and CO₂ prices are seen as effec-
tive instruments, but so far there have been no detailed 
recommendations for their specific design or an assess-
ment of their actual impact on rebound effects. Since a 
possible increase in the price of energy or CO₂ emissions 
introduces questions of social justice, international com-
petitiveness, and political acceptance, it is important to 
take these aspects into account when designing policy.

Rebound effects are found not only in the private sector, 
but also in companies and at the macroeconomic level. 
In the project ReCap: Investigation of the Role of En- 
ergy and Resource Productivity for Economic Growth 
and Development of Political Instruments to Curb Macro- 
economic Rebound Effects, the Institute for Ecological 
Economic Research, the Society for Economic Structural 
Research and the Chair of Statistics of the University 
of Göttingen estimated the magnitude of these effects 
using various methods.
For a start, the rebound effect at the company level in 
various manufacturing sectors was estimated on the ba-
sis of company data. For this purpose, a benchmarking 
approach was chosen that assumes that the competi- 
tive position of the companies, and thus relative improve- 
ments in energy efficiency, are decisive for energy  
consumption. This approach analyzes the relationship 
between two mechanisms: As a result of a relative im-
provement in efficiency, energy consumption of the 
company decreases, as a more efficient company requires 
less energy per unit of production. But as the company 
improves its competitive position and thus increases 

Analysis: Rebound effects also occur in industry and broaden 
the knowledge-action gap in climate policy 

sales, this in turn leads to greater energy consumption 
and thus to a rebound effect. The analysis of industrial 
sector data indicates, on average, a significant rebound 
effect in all sectors. The extent in each case depends 
on the level of increase in output and various company 
characteristics. For example, an increase in the share of 
expenditures for research and development, as well as 
in wages vs. gross output, or in the share of renewable 
energy generation vs. energy consumption will lead to 
a lower rebound effect. A proportional expansion of for- 
eign sales and investments in relation to gross output, 
increases the rebound effect.
Secondly, the rebound effects associated with an in-
crease in energy efficiency in German industry were 
modelled and quantified using the PANTA RHEI macro- 
economic model. The magnitude of the effects varies 
depending on the specific industrial sector. On average, 
these were estimated to be 13 percent in 2030 (Berner 
et al., manuscript in preparation). The macroeconomic 
rebound effect is higher at 19 percent. This is due to the 
fact that increased efficiency initially leads to a reduction 
in energy consumption and thus energy prices. Other 
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economic actors such as private households also benefit 
from this and increase their energy consumption. Com-
pared to similar international studies, the estimated re-
bound effect is rather at the lower end of the spectrum. 
Thirdly, the project dealt with the relationship of re-
bound effects and economic growth. The analysis of var- 
ious economic theories as well as our own econometric 
estimates suggest that improvements in energy efficiency 
contribute to economic growth, which in turn leads to 
greater energy consumption. According to our estimates 
which are based on the Odyssey database, this growth 
rebound is between 20 and 47 percent, which also makes 
it more difficult to achieve absolute reduction targets 
(Lange et al., manuscript in preparation). This growth 
rebound indicates that there is a trade-off between the 
reduction of rebound effects and the pursuit of eco- 
nomic growth, as reducing rebound effects also dampens 
growth. This requires a policy approach that goes  
beyond green growth in order to achieve the necessary 
reductions in energy consumption.
Overall, our analyses show: Rebound effects arise not 
only in private households, but also in companies and 
at the macroeconomic level and should therefore be  
taken into account when formulating energy and climate 
policy. In a situation in which current policy measures 
are insufficient to achieve the 55 percent reduction in 
greenhouse gases the government is aiming for (Prognos 
2020), a rebound effect of say “only” 20 percent increases 
the disparity between the goals and current policies. 
Given that climate goals at the European level have 
already been strengthened and will foreseeably be  
strengthened in Germany as well, additional measures 
will be necessary to close the gap. 
In the course of the project ReCap, stakeholder work-
shops and expert interviews were used to discuss and 
analyse the feasibility of a range of policy measures to 
counter rebound effects. Our modelling shows that re-
bound effects can in fact be counteracted by various po-
licy measures. The following complimentary measures 
to increasing energy efficiency were modelled: CO₂ 
pricing with income reimbursement, a tax reform, an 
energy efficiency savings reinvestment requirement for 
subsidy recipients, and a reduction in working hours. All 

of these measures (or combinations of measures) were 
able to counter rebound effects to some degree; how-
ever, their macroeconomic effects on employment and 
GDP vary. CO₂  pricing of up to 180 euros per tonne CO₂ 
equivalent in combination with a reduction in the Ger-
man Renewable Energy Sources Act (EEG) surcharge 
and a tax reform that favors labor costs at the expense of 
energy show a slightly negative effect on gross domestic 
product. The negative effect becomes somewhat greater 
for a reduction of working hours with partial wage com-
pensation. In contrast, the effect on employment of a 
reduction in working hours is positive, while the other 
sets of measures that were modelled show hardly any 
effects here. All sets of measures lead to a reduction in 
final energy consumption; this is most clearly the case 
with CO₂ pricing with reimbursement.
According to the assessments of fifteen experts from 
politics and administration, science, civil society, and 
industry and trade unions, acceptance problems must 
be anticipated with the implementation of such flanking 
measures to counter rebound effects. The experts were 
of the opinion that the willingness of business, politi- 
cians, and citizens to accept putative losses in competi-
tiveness and consumer power for the sake of combating 
rebound effects was not very pronounced. The political 
feasibility of price instruments was therefore assessed 
as problematic, although their effectiveness and practi-
cality were rated positively. In contrast, policy options 
that limit the use of efficiency gains were seen as less 
practicable. Overall, our assessment of the interviews 
is that the acceptance of anti-rebound measures is neg- 
atively affected by an unfamiliarity with the problem, 
especially in the fields of politics, administration, and 
industry, and a lack of understanding of the complex 
relationships. Rebound effects are viewed as relatively 
unimportant and not easily comprehended. According 
to our analysis, the reasons for this are discussions  
heavily laden with technical terms, the complexity  
of the phenomenon itself, but also an inadequate  
problematization in the political discourse, which can 
be blamed on a desire to avoid unpleasant truths and 
incorrect conclusions with respect to the supposed  
ineffectiveness of energy efficiency policy.
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1. Develop a clear and target group-specific commu-
nication strategy for addressing rebound effects 

In order to increase the acceptance of measures  
addressing rebound effects, communication strategies 
appropriate for each target audience need to be devel- 
oped jointly by science, civil society, business, poli-
tics, and administration. The nature of the problem 
should be elucidated in a generally understandable 
way, the various mechanisms for action differentiated, 
and conflicts and trade-offs clearly identified. A Re-
Cap video animation offers an initial attempt to bring 

Recommendations for an effective energy and 
climate policy 

the topic out of the specialist discourse and make it  
accessible to a wider audience. It is also necessary to ini-
tiate a broad societal debate on how to deal with rebound 
effects. The generally high level of acceptance for cli-
mate protection goals offers a number of starting points 
for this. Addressing rebound effects should be clearly 
associated with a positive narrative. It could be helpful 
to emphasize that the “skimming off” of efficiency gains 
can be combined with social co-benefits, such as a more 
equitable distribution of income, stronger social secu- 
rity, or a better work-life balance.

2. Expansion of the policy mix to stem rebound 
effects in industry

Macro-economic modeling shows that funding mea-
sures to increase energy efficiency in Germany will 
lead to rebound effects of roughly 20 percent by 2030. 
Because energy efficiency measures are particularly 
susceptible to rebound effects, they need to be accom-
panied by supplemental, so-called flanking, measures. 
In particular, pricing instruments or caps such as na-
tion-wide CO₂  pricing and EU emissions trading can 
significantly reduce rebound effects. Revenue reim-
bursement from national pricing via a reduction in 
the renewables (EEG) surcharge can lead to increases 
in electricity demand. Another instrument could be a 

reinvestment requirement linked to the subsidy, requir- 
ing companies to reinvest saved energy costs in fur-
ther energy efficiency measures. An increase in energy 
tax rates with the inflation rate while at the same time 
lowering wage costs could also reduce rebound effects. 
The tightening of the EU climate targets also opens up a 
window of opportunity at present to implement further 
measures. It is important, in every case, that the mea-
sures are appropriately combined and well-coordinated 
with a view to rebound effects. Furthermore, they should 
neither restrict the international competitiveness of 
companies nor lead to regressive distributional effects. 
With this in mind, a per capita reimbursement of CO₂  
revenues from CO₂  pricing would be preferable to a re-
duction of the EEG surcharge.

3. Develop a transformation strategy for climate neu-
trality based on the precautionary post-growth 
position

Long-term absolute energy reduction goals, let alone 
GHG emissions neutrality, cannot be achieved through 
increases in energy efficiency alone. It is therefore es-
sential that we develop a transformation strategy for 
the German economy that supports a structural change 
in the direction of CO₂-free goods and industries. The 

use of CO₂-free technologies such as renewable energies 
must not be allowed to become a free pass to increased 
energy consumption and the renunciation of efficiency 
measures as these are also associated with negative im-
pacts in other environmental media, for example raw ma-
terials and land consumption. In addition, the nationwide 
expansion of renewable energies often faces acceptance 
problems. Therefore, “efficiency first” should remain the 
core principle of German energy policy.
The noted close relationship between macroeconomic  

https://www.youtube.com/watch?v=MR144nIrcvE
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Jan Peuckert, Nick von Andrian (2020): 
Akzeptanzanalyse Rebound-begrenzender Politikmaßnah-
men, ReCap Arbeitsbericht 4
https://www.macro-rebounds.org/publikationen/.

ReCap research results in detail 
(selection)

Lara Ahmann, Maximilian Banning,  
Christian Lutz (2021):
Zusammenstellung der Modellierungsergebnisse der Poli-
tikmaßnahmensets zur Vermeidung makroökonomischer 
Rebounds, ReCap Arbeitsbericht 5 
https://www.macro-rebounds.org/publikationen/.

rebound effects and growth in the context of absolute  
reduction targets illustrates the dilemma of a green 
growth strategy, the success of which depends on the 
absolute decoupling of environmental consumption and 
growth. Since it is uncertain whether energy, resource 

consumption, and growth can be absolutely decoupled, 
the transformation strategy should be based on a pre-
cautionary post-growth position (Petschow et al., 2020), 
which argues that vital areas of society must become less 
dependent on economic growth.
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