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A B S T R A C T   

Literature on the rebound phenomenon has grown significantly over the last decade. However, the field is 
characterized by diverse and ambiguous definitions and by substantial discrepancies in empirical estimates and 
policy proposals. As a result, cumulative knowledge production is difficult. To address these issues, this article 
develops a novel typology. Based on a critical review of existing classifications, the typology introduces an 
important differentiation between the rebound mechanisms, which generate changes in energy consumption, and 
the rebound effects, which describe the size of such changes. Both rebound mechanisms and rebound effects can 
be analytically related to four economic levels – micro, meso, macro and global – and two time frames – short run 
and long run. The typology is populated with eighteen rebound mechanisms from the literature. This contribution 
is the first that transparently describes its criteria and methodology for developing a rebound typology and that 
gives clear definitions of all terms involved. The resulting rebound typology aims to establish common con-
ceptual ground for future research on the rebound phenomenon and for developing rebound mitigation policies.   

1. Introduction 

Two conservative scenarios of the IPCC estimate total energy con-
sumption must be reduced by approximately 15% globally by 2050, 
compared to 2010 [1]. According to the International Energy Agency 
[2], energy efficiency is “responsible for 60% of the [energy] savings” 
(p. 303). However, a large body of literature on the rebound phenom-
enon has emerged which questions whether this strategy suffices. 

This literature includes several classification proposals but “there is 
still no agreed comprehensive taxonomy” [3]. Also, there has been little 
debate about the purpose of these typologies and their development. 
Turner [4] argues against developing classifications too early. We argue 
that, given the extent of research on the topic, it is time for a typology 
and that it should pursue two goals. First, it should serve as a heuristic 
model to understanding the determinants of the size of rebound effects. 
This requires integrating theoretical and empirical research. Second, the 
typology should facilitate the development of policy responses to the 
rebound phenomenon. We show that existing typologies can be 

improved in several respects to serve these goals. 
Building on existing typologies, we systematically develop a multi- 

level typology along two dimensions: economic levels, i.e. micro, meso, 
macro and global levels, and time, i.e. the short and the long run. More-
over, we distinguish between rebound effects and rebound mechanisms. A 
rebound effect relates to the quantitative size of a (measurable) impact on 
energy consumption while a rebound mechanism is a qualitative relation, 
e.g., a cause-and-effect chain from an energy efficiency improvement to 
energy consumption. The term rebound phenomenon is used in the 
following when we refer to the issue of rebound in general – encompassing 
both rebound effects and mechanisms. We aim to establish more common 
ground regarding the conceptual relationships between rebound effects 
and rebound mechanisms on different levels and, thereby, to improve 
future empirical and theoretical research on rebound effects. Fig. 1 il-
lustrates the relationship between rebound mechanisms and rebound 
effects and provides definitions for these two central terms. 

The remainder of the paper is structured as follows: Section 2 briefly 
reviews the relevant literature on the rebound phenomenon, indicating 
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the complexity and ambiguity. Section 3 describes the methodology and 
develops criteria for a rebound typology. Section 4 uses these criteria to 
analyze existing typologies, while Section 5 develops a new rebound 
typology. Section 6 discusses the usefulness of the typology and draws 
implications for future research and policy-making. Section 7 concludes. 

2. Literature review 

Publications on the rebound phenomenon now span about forty years. 
Most publications address the problems of quantifying rebound effects and 
identifying factors that determine their size. While initiated by Jevons [5], 
the beginning of today’s rebound research is marked by Khazzoom [6–8] and 
Brookes [9,10], followed by an increasing number of publications. First meta- 
analyses of rebound research were published by Greening et al. [11,12]. 
During the past two decades, the number of journal articles published on the 
rebound phenomenon has increased immensely (see Fig. 2). 

Fig. 2 shows the total number of peer-reviewed articles and discussion 
papers on the rebound phenomenon in the context of energy useas 
recorded on Web of Science. Note that the real dimension of the rebound 
literature (i.e. including grey literature, newspaper articles, etc.) is wider 
than the absolute numbers shown in Fig. 2. Nonetheless it illustrates the 
significant increase in scientific attention paid to the matter in the past 10 
years. Note also that this review, as well as the entire article, is restricted to 
the energy rebound phenomenon, excluding the important work on 
climate and resource rebound effects and mechanisms [c.f. [13,14]]. 

Definitions of (energy) rebounds differ throughout the literature. 
Herring [15] focusses on the consumer level: “the ‘rebound’ or ‘take-back’ 
effect […] is how much of the energy saving produced by an efficiency 
investment is taken back by consumers in the form of higher consumption, 
both on the micro and macrolevel“ (p. 2). Brookes [16] analyses the macro 
level, arguing that rebound effects occur when ”economically justified 
improvements in energy efficiency may lead to higher-than-otherwise 
levels of consumption at the economy-wide level“ (p. 356). Birol and 
Keppler [17] link the rebound effect to energy intensity and argue that 
“the rebound effect concerns changes induced by technological efficiency 
improvements themselves, which reduce the impact of these technical 
improvements on energy intensity“ (p. 458). 

We observe diverse and ambiguous terminology defining different 
types of rebound effects. For example, for entire economies, the terms 
macroeconomic, economy-wide and total rebound effect are used 

inconsistently. Economy-wide rebound(s) may refer to various rebound 
mechanisms beyond the micro level [e.g. [11], to the effect on economic 
growth [18] or to the total rebound effect in an economy [19–21]. 
Macroeconomic rebound effects can be several mechanisms at the macro 
level [22], or they can encompass everything but direct rebound effects 
[23]. A macro rebound effect may also refer to the entire effect for an 
economy [24]. The total rebound effect commonly refers to the entire 
rebound effect in an economy [25–27]. Sometimes, it also refers to the 
entire rebound effect at the global level [23]. Another example is the 
differentiation between direct and indirect rebound effects. While many 
use it to distinguish the effects on different types of goods and services 
(see Section 4.2), others define it differently, for example referring to the 
effects on single consumers via the effects on market expansion [28]. We 
find such ambiguous terminology throughout the literature (see Table 2 
for a list of rebound mechanisms and definitions). 

This heterogeneity also concerns empirical estimates of the rebound 
phenomenon for households, firms, sectors and at the macroeconomic 
level. As Gillingham [22] has pointed out, it is hard to clearly separate 
how much of the change in energy consumption can be causally 
attributed to rebound mechanisms and how much to other factors. 
Existing studies find the following: For the household level, recent meta- 
analyses show that the size of effects differs significantly between 
different goods, services and sectors [21,29–33]. Empirical work on 
firms is limited. Few studies assess rebound effects for single markets or 
sectors, with results ranging between 24% for the US manufacturing 
sector [34], 56–80% for the US residential sector [35], 75% for heavy 
industry in China [36] and 39% for an average of Chinese industrial 
sectors [37]. Moreover, two studies [38,39] find heterogeneous effect 
sizes for a range of sectors in the Norwegian and the US economies, 
respectively. It is hard to compare the results of these studies since 
research designs, data and the levels of aggregation differ greatly. 

Several studies investigate economy-wide rebound effects using 
macroeconomic ex-ante models. Early publications appeared in the 1990s 
[40–42]. Later publications address the rebound phenomenon in relation 
to environmental policies [25,43–46]. A series of investigations examines 
an exogenous 5% increase in energy efficiency [47–50] with effect sizes 
ranging between 30% and beyond 100%, depending on the time horizon. 
Comparing eight Computational General Equilibrium (CGE) models, 
Allan et al. [51] find that the economy-wide rebound effect has a mini-
mum of 37%. A more recent study combining econometric and Input- 

Fig. 1. The relationship between energy efficiency improvements, rebound mechanisms and rebound effects. This figure presents the definitions and illustrates the 
conceptual distinction between rebound mechanisms and rebound effects. The size of the rebound effect is defined by the relationship between three levels of energy 
consumption: 1) “ex ante”, i.e. before the efficiency improvement, 2) “potential”, i.e. theoretically possible due to the efficiency improvement, and 3) “ex post”, i.e. 
actually realized by the efficiency improvement. Actual savings can be negative in case of backfire. Rebound mechanisms link the energy efficiency improvement to 
its actual impact on energy consumption. 
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Output analysis estimates the rebound effect in the EU as between 73% 
and 82% [52]. Few investigations go beyond the national level. With a 
CGE-model assessment, Koesler et al. [53] find that energy-efficiency 
improvements of 10% in German production correspond to an interna-
tional rebound effect of 47%. Wei and Liu [54] estimate a CGE model for 
the global economy, with a 70% rebound effect for energy use and 90% for 
related emissions in 2040. Barker et al. [23] examine the global effects of 
efficiency policies and estimate a rebound effect of 31% by 2020 and 52% 
by 2030. Brockway et al. [55] employ an ecological economics perspec-
tive in choosing exergy as an efficiency metric to examine long-term na-
tional rebound effects in the UK, US and China. They find much higher 
effects (backfire) for China than the other two, which suggests that 
producer-sided economies are more rebound-prone. Comparing the 
studies is challenging because the investigations differ greatly in scope, 
datasets and in the selection of mechanisms and cause-effect-chains. 

The field has reached a degree of maturity that, from our point of view, 
calls for an improved terminology and typology. The heterogeneity of the 
existing literature poses two interrelated challenges. First, several terms 
such as economy-wide rebound or indirect rebound effects are used 
inconsistently. Second, the confusion concerning such terms makes it 
difficult to relate estimates of the size of the rebound effect to the rebound 
mechanisms determining them. This in turn makes it difficult to devise 
political mitigation strategies that target the rebound mechanisms. In the 
following section, we propose a methodology to develop a novel typology 
with a clearly defined terminology. At the core of this proposed heuristic 
model is the differentiation between rebound mechanisms, which are the 
causal connections from energy efficiency improvements to energy de-
mand, and rebound effects, which are the size of changes in such demand. 

3. The methodology and criteria behind the typology 
development 

Our methodology follows suggestions by Sovacool et al. [56], who 
state that social science contributions to energy research require a thor-
ough drafting and application of socially relevant research questions, 
appropriate theory and conceptual frameworks, clearly stated research 
objectives and an explicit research design. Our research question is so-
cially relevant as it addresses the environmentally important issue of the 
rebound phenomena and its containment via policies. Our approach 

engages with existing theories and typologies and in particular aims at 
developing them further. Our research objective is to provide a typology 
that incorporates the broad array of rebound mechanisms discussed in the 
literature. In terms of our research design, we analyze existing typologies 
and refine them based on explicitly developed criteria. In the following, 
we go further into these issues by developing a methodology particularly 
tailored for developing a systematic rebound typology. 

The classification of objects is one of the fundamental problems in 
social science. According to Bailey [57], typologies are conceptually 
based whereas taxonomies are empirically derived. While the rebound 
literature uses both terms interchangeably (see for example Turner [4]), 
we use the term typology as our classification is conceptually based. The 
criteria guiding the classification process often remain unclear in other 
rebound publications. We develop quality criteria to evaluate classifi-
cation schemes and to guide our typology development. 

Classification generally aims to group elements into a property space 
by similarity. According to Kluge [58], the classes should assemble ele-
ments that are as similar as possible (internal homogeneity) and differ 
significantly across classes (external heterogeneity). However, evaluating 
similarities depends on having meaningful differentiations: Which 
properties of rebound mechanisms are relevant, considering the questions 
the typology intends to answer? Being transparent about the goals is 
important since the value of a typology needs to be assessed against these 
objectives. According to Bailey [57], successful classification means 
ascertaining the key dimensions of the classification. Therefore, clarity on 
the definition of elements and on the choice of dimensions is essential. 

Bailey [57] further stresses two primary functions of classifications. 
First, classifications provide researchers with an exhaustive array of 
classes to describe the objects of interest. We relate to this function with 
the criterion of comprehensiveness. Collier et al. [59,60] emphasize the 
fundamental role of organized systems of types for measurement These 
systems form the basis for descriptive typologies that inform and 
structure quantitative analysis. A qualitative typology must be well- 
defined in the sense that no relevant mechanism is omitted or 
assigned to more than one category. 

The second primary function of classifications is to serve as analyt-
ical tools to reduce complexity [57]; researchers need to simplify reality 
sufficiently to be able to understand it. At the same time, oversimplified 
classifications may obstruct the view for essential relations. A major 
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challenge of classification is therefore to balance the goals of parsimony 
and informational value. 

As argued in Section 1, key aims of rebound research are to deter-
mine the size of rebound effects and which rebound mechanisms cause 
them. Moreover, in light of the urgency of climate action, a major goal of 
studying the rebound phenomenon is to develop (policy) measures for 
reducing the rebound effect. Regarding informational value, a typology 
should thus also relate to levels of political governance concerned by the 
respective mechanism and its timing. 

In view of the previous considerations regarding the purpose of a 
rebound classification, we put forward the following five quality criteria 
for a helpful rebound typology:  

1. Transparency of the development process (C1): The reasoning behind 
the development of a typology needs to be explained to allow for 
critical objections and improvements. This transparency applies to 
the declaration of the purpose of the typology, the logical derivation 
of classes and the systematic assignment of the items (rebound 
mechanisms).  

2. Comprehensiveness (C2): As a basic principle, types formed by the 
typology need to be mutually exclusive and collectively exhaustive 
[57,59]. The typology should integrate all relevant items unambig-
uously within its classes. In our case, the mechanisms identified in 
the literature need to be assignable to one specific type.  

3. Clarity (C3): A typology needs to provide clear definitions, delimit 
the items that are to be classified and define the classes they are 
allocated to. Regarding a rebound typology, this relates to the clarity 
of the definitions of the rebound effect (as impacts of a subset of 
items), of the rebound mechanisms (as individual items located 
within a property space) and of the dimensions that form the prop-
erty space (such as the economic level and time perspective).  

4. Parsimony (C4): Parsimony in the strict sense means that “other 
things being equal – it is rational to prefer theories which commit us 
to smaller ontologies” [61]. However, there is often a trade-off be-
tween simplicity and the level of differentiation. For rebound ty-
pologies, this trade-off implies that the number of classes has to be 
low enough to enhance understanding and complex enough to grasp 
the important differences between the types of rebound mechanisms.  

5. Informational value (C5): To ascertain the key characteristics on 
which the classification is to be based, its central function must be 
kept in mind. In our view, a rebound typology should facilitate the 
analytical understanding of the rebound phenomenon as well as the 
development of policies to reduce them. This facilitation implies that 
the classes also need to relate to aspects that policy-makers can 
address. With regard to rebound mitigation, these could for instance 
be obligations bound to public incentives for efficiency improve-
ments, mandatory efficiency standards for specific products or sec-
tors, or economy-wide energy taxes. 

We devise a conceptual classification and identify empirical exam-
ples of all classes. The process of developing our typology of rebound 
effects and mechanisms involved three steps. (1) Prominent existing 
typologies were analyzed against the five criteria. (2) Based on the re-
sults of this analysis, a novel typology was developed. (3) We then 
populated the typology with various rebound mechanisms encountered 
in the economic rebound literature. 

4. Analysis of prominent rebound typologies 

This chapter critically reviews prominent existing typologies of the 
rebound phenomenon. The by far most cited typology has been developed by 
Greening et al. [11], which we cover in Section 4.1. We sort the other 
prominent typologies into two groups. The first differentiates between direct 
and indirect effects (Section 4.2) and the second between different levels of 
aggregation (micro, macro and sometimes meso and/or global, Section 4.3). 
Table 1 gives an overview of the typologies included. 

4.1. An early contribution 

In a prominent contribution, Greening et al. [11] distinguish four 
classes of effects: “(1) direct rebound effects, (2) secondary fuel use ef-
fects, (3) market-clearing price and quantity adjustments (especially in 
fuel markets) or economy-wide effects, and (4) transformational effects” 
(p. 390). Direct effects are due to the increased use of the energy service 
that has become more efficient. Secondary fuel use effects are similar to 
what is often called indirect effects, that is, “increases in demand for 
other goods and services” (p. 391). Economy-wide effects refer to a wide 
range of effects beyond direct and secondary effects that make up the 
effect on “total consumption and investment by both consumers and 
government” (p. 391). Finally, transformational effects leave the anal-
ysis of a static economy and look at changes in economic conditions such 
as consumer preferences. 

The typology by Greening et al. was an important source in devel-
oping later typologies, especially the differentiation between direct and 
indirect effects. The typology is clear in the definition of its classes (C3) 
and allows for the allocation of many rebound mechanisms (C2). 
However, the paper also contains several shortcomings. In particular, it 
is not transparent about the way the four classes are derived (C1). There 
is no rationale of why these four classes are suggested. Neither is there a 
logic that connects the four classes (compared to the other taxonomies in 
sections 4.2 and 4.3, which develop classes according to product types of 
economic levels). In addition, having four classes does not allow for 
sufficient informational value (C4). Too many mechanisms are in one 
class: “[T]his distinction [between the four classes] is not entirely 
satisfactory. For example, economy-wide effects really cover all possible 
effects, on inputs, productivity, incomes, expenditures, prices and 
quantities” [62]. Finally, the classes do not relate directly to economic 
actors and are therefore inappropriate for policy development (C5). 

4.2. Differentiation between product types: Direct and indirect 

Sorrell [21] puts forward two classes: (1) direct and (2) indirect ef-
fects. They add up to the economy-wide effect. Direct effects refer to the 
increase of the goods or services that experience the increase in effi-
ciency. Sorrell describes direct effects for both households and firms, 
each experiencing a substitution and an income/output effect (in our 
terminology, these are mechanisms – see Sub-section 5.3.1). Sorrell 
separates indirect effects into two major classes: embodied energy and 
secondary effects. Embodied energy is the energy needed to produce the 
capital for the increase in energy efficiency. Secondary effects range 
from changes in demand for other goods and services to decreasing 
overall energy prices. Sorrell [63] differentiates the short and the long 
run. He comes to the conclusion that the size of the total rebound effect 
can be “expected to increase in importance over time” (p. 1457). 

The differentiation between direct and indirect effects has been 
taken up by various authors [29,30,64–66]. Their typologies entail 
direct and indirect rebound effects plus some additional class. They are 
called “‘macroeconomic’ rebound mechanisms” [30], “Economy wide 

Table 1 
Prominent rebound typologies analyzed for this article.  

Author(s) Year Citations 

Greening et al 2000 1968 
Schipper and Grubb 2000 289 
Sorrell 2007 831 
Sorrell 2009 479 
Madlener and Alcott 2009 240 
Jenkins et al 2011 165 
Maxwell et al 2011 41 
Michaels 2012 17 
Azevedo et al 2012 11 
Gillingham et al 2014 342 
Santarius 2016 26 
Madlener and Turner 2016 12  
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rebound effect” [29,64] and “Economy-wide rebounds” [65]. Michaels 
additionally includes embodied energy as a fourth class. 

Examining these typologies against the criteria from Section 3 yields 
similar results as Greening et al.’s typology. Most of the classes are 
clearly defined (C3) and many rebound mechanisms can be attributed to 
them (C2). However, the typologies suffer from several shortcomings. 
First, it is not transparent why the classes were chosen (C1). Second – as 
with Greening et al. [11] – the typologies do not facilitate enough dif-
ferentiation (C4). In particular, there is usually one class that includes 
heterogeneous mechanisms. Turner [4] indicates another problem: “[T] 
he simplicity of Sorrell’s typology means that it tends to be interpreted 
from the perspective of additive demand effects as the boundaries of the 
rebound effect increase“ (p. 6). An example of this wrong interpretation 
is that firms produce more due to the ‘output effect’ and the effect of 
‘economy-wide productivity’ increases leads to economic growth. 
However, economic growth is the sum of all increases of output of all 
firms. This misunderstanding is what we call the ‘fallacy of double 
counting’. Finally, the classes make it difficult for policy-makers to build 
policies, as direct and indirect effects do not clearly relate to policy areas 
(C5). While being prominent in the literature, the differentiation be-
tween direct and indirect entails important shortcomings regarding the 
criteria for a rebound typology. Next, we discuss another type of clas-
sification that has received increasing attention in the past years. 

4.3. Differentiation between economic levels: Micro, meso, macro and 
global 

Several authors have put forward a different type of categorization 
along levels of economic action. Schipper and Grubb [67] distinguish 
between micro- and macroeconomic rebound effects. “Micro-effects” are 
“a direct ‘feedback, within an activity or sector, between energy effi-
ciency improvements and the level of energy-using activities”. “Macro- 
effects” denote “the larger-scale interaction between more efficient en-
ergy use and economic growth” (p. 368). Madlener & Alcott [26] 
highlight that empirical analyses become increasingly complicated with 
higher levels of aggregation. Gillingham et al. [22] develop several 
macroeconomic rebound mechanisms (see Sub-section 5.3.3). Santarius 
[27] argues for introducing mesoeconomic effects as a third class, that is 
“effects that range from the level of the firm up to the level of a sector or 
market” (p. 407). Building on this, Madlener and Turner [19] put for-
ward four analytical levels: The household and firm level (micro level), 
single sectors (meso level), the economy-wide min level (macro level) 
and economy-wide max level (global level). 

These typologies are more transparent (C1) in explaining why they 
build the classes the way they do and the typologies generate more 
informational value regarding their specific goals (C5). The latter is 
achieved by shifting the perspective from goods (as in the direct/indirect 
typology) to actors. The actor-perspective captures the entities that 
create the rebound effect and determine its size. According to Santarius 
[27], “the distinction between micro-economic and macro-economic 
effects indicates the level of economic action at which rebounds are 
perpetuated either at the level of consumers (micro-economic rebound 
effects) or at the economy-wide level (macro-economic effects). This 
distinction therefore gives more scope to clarify the reasons and mech-
anisms why and how rebounds occur” (p. 406). Additionally, it boosts 
policy-relevance, as economic policies relate to the entities of this type 
of typology – households, firms, markets, sectors, national economies 
and international trade rules. 

However, these approaches also have several downsides. First, the 
classes are often poorly defined (C3), which makes it unclear how to 
allocate mechanisms. For example, Madlener and Turner [19] refer to a 
list of 14 mechanisms in van den Bergh [62] but do not specify which 
mechanism falls into which class. Neither are the classes defined suffi-
ciently clearly to allocate the mechanisms. Second, the typologies pro-
voke treating mechanisms additively – the fallacy of double counting. 
The underlying problem is that classes are not mutually exclusive (C2). 

For example, Gillingham et al. [22] argue that additional spending of 
consumers and additional investments by firms are macroeconomic 
(growth) mechanisms. However, they are equivalent to the microeco-
nomic income and output mechanism. 

4.4. Summary 

Existing typologies provide building blocks for a solid typology. 
Against the criteria of Section 3, however, they have several weaknesses. 
C1: Most typologies are not transparent regarding how they have been 
developed and in the choice of classes and dimensions (direct/indirect, 
micro/meso/macro). C2: All typologies seem to be exhaustive – meaning 
that all mechanisms can be attributed. However, classes are not always 
mutually exclusive as the same mechanism can be found in different 
classes (under different names). As a result, identical or overlapping 
mechanisms may be counted multiple times (fallacy of double counting). 
C3: Classes are seldomly clearly defined, which makes allocating 
mechanisms difficult (which might be one reason why it is hardly ever 
done). C4: The typologies are relatively simple. However, this comes at a 
cost. Often one class is very expansive so that it includes a highly het-
erogeneous array of mechanisms: ‘economy-wide effects’ in the case of 
Greening’s contribution and ‘indirect’ or ‘secondary effects’ in the case 
of the typologies discussed in Section 4.2. The typologies of Section 4.3 
are inconclusive in this regard, as the assignment of a large number of 
mechanisms to such typologies has not yet been attempted. Having one 
class that covers a large number of heterogeneous mechanisms makes it 
difficult to guarantee a sufficient degree of differentiation. C5: Under the 
premise of our definition of the purposes of research on the rebound 
phenomenon, the typologies differentiating between economic levels 
are more fruitful as they relate to different economic actors and policy 
arenas. 

5. A rebound typology conceptualized along economic levels 
and time frames 

Our critical review of prominent rebound typologies in Section 4 
demonstrates the need for a transparent, comprehensive, clear and 
simple yet informative typology. The following proposed typology 
contains two heuristic dimensions: an economic level and a time 
dimension. The combination of these two dimensions yields eight clas-
ses, which allows for an exhaustive and more nuanced categorization 
compared to existing typologies. The typology distinguishes between 
rebound mechanisms and rebound effects. Fig. 3 provides a visual 
overview. 

5.1. The crucial distinction between rebound mechanisms and rebound 
effects 

Existing literature has rarely coherently distinguished between 
rebound effects and rebound mechanisms. The term rebound effect is 
commonly used for both the causal link between efficiency improvement 
and energy use as well as for the size of the impact. Sorrell [68] writes: 
“The “rebound effect” is an umbrella term for a variety of economic 
mechanisms that reduce the “energy savings” from improved energy 
efficiency. […] The rebound effect is commonly defined as the per-
centage of potential energy savings that are offset by these different 
mechanisms” (p. 2850). An exception is van den Bergh [62] who dif-
ferentiates between the causal connections and the size. He uses the 
term “pathway”. We use the term “mechanism” because it is common in 

S. Lange et al.                                                                                                                                                                                                                                   



Energy Research & Social Science 74 (2021) 101982

6

the literature, albeit usually without an explicit distinction from the 
term “effect”. When we refer to the both rebound effects and mecha-
nisms, we use the term rebound phenomenon. 

The relation between rebound mechanisms and effects in our ty-
pology is as follows: An energy efficiency improvement triggers rebound 
mechanisms,1 which result in a rebound effect. The rebound effect de-
scribes the size of the impact of an energy efficiency improvement in 
relation to its theoretical energy saving potential. It can be measured at 
different levels of aggregation – micro (firm or household), meso (market 
or sector), macro (national economy), or global (world economy). We 
therefore distinguish four rebound effects – one at each conceptual level. 
The often-used term economy-wide rebound effect is the rebound effect 
at the macro level. 

In contrast, rebound mechanisms are causal connections running 
from energy efficiency improvements to energy demand. In other words, 
rebound mechanisms are the qualitative cause for how energy efficiency 
improvements increase energy consumption while the rebound effect is 
the quantitative measure of this (see Fig. 1). Similar to rebound effects, 
each rebound mechanism can be conceptualized at one of the four levels. 

The impact of all relevant mechanisms contributes to the size of the 
rebound effect at the respective level of aggregation. However, effect 
size at a specific heuristic level is additionally influenced by mechanisms 
at lower levels. For example, efficiency improvements in car production 
can allow companies to increase profits and expand production (output 
mechanism, see Sub-section 5.3.1) – a mechanism at the micro level. 
When many firms introduce this new technology, price competition may 
lead to lower prices and, thereby, to higher sales (intermediate goods 
and services mechanism, see Sub-section 5.3.2) – a mechanism at the 

meso level. This mechanism at the meso level would not have taken 
place without the mechanism at the micro level. Mechanisms at higher 
levels can also impact a rebound effect at a lower level. With regard to 
the car example, an efficiency improvement can lead to decreasing en-
ergy demand at the macro level, which can result in a lower energy price 
in a competitive energy market (overall energy price mechanism, see 
Sub-section 5.3.3). This reduced price, in turn, further decreases the car 
manufacturer costs and may trigger additional expansion of production 
(output mechanism at the micro level). So, in other words, in our pro-
posed typologies there are forward and backward linkages between the 
four heuristic levels. 

5.2. Dimensions of classification: Economic levels and time frames 

The first dimension of our classification is the economic level of 
aggregation. Structuring the typology along commonly used heuristic 
levels is particularly useful because they relate to economic theories, to 
empirical data and to potential policies to mitigate rebound. Economic 
theories often start by analysing actions of households and firms. While 
microeconomic theories commonly investigate the processes in single 
markets, macroeconomic theories usually cover economic variables at a 
country level. Data on economic output and energy consumption mostly 
exists on a firm, household, market, sector or country level, mainly 
because much of the empirical literature on rebound effects measures 
the rebound effect at these levels (see Section 2). Equivalently, policies 
commonly relate to markets, sectors or entire economies. 

The micro level refers to households and firms. Rebound mechanisms 
at the micro level are initiated by an energy efficiency improvement in a 
firm or a household and are restricted to that single firm or household. 

Fig. 3. Rebound effects and mechanisms at different economic levels and time frames. This figure provides an overview of the central categories in our typology. 
Four stacked analytical levels on which the rebound effect can be measured are distinguished. At each level, several rebound mechanisms, which are represented by 
the arrows, cause an increase in energy consumption. The respective types of mechanisms are categorized into short run and long run mechanisms. The connecting 
lines between the levels indicate that the rebound effect at a lower level is part of the rebound effect at a higher level. 

1 We assume that the energy efficiency improvement is exogenously given 
and not induced by a policy. According to Gillingham (2016), policy-induced 
improvements are likely to lead to bundles of changes in product attributes. 
Such induced improvements are therefore even more difficult to capture 
analytically. 
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The meso level refers to a market or a sector.2 All mechanisms that not 
only concern one agent but take place in a market or sector are mech-
anisms at the meso level. The macro level refers to a national economy. 
All mechanisms that do not only concern one sector or market are 
mechanisms at the macro level. The global level refers to the world 
economy. All mechanisms that not only concern the economy in which 
the energy-efficiency improvement takes place but also involve in-
teractions between at least two economies are mechanisms at this level. 
At each of these levels, the size of the rebound effect can be measured. 

The second dimension of classifying rebound mechanisms and effects 
is the time frame. Rebound mechanisms can be differentiated according 
to the time they take to impact energy demand [c.f. [11,21]]. Also, the 
size of the rebound effect depends on the time horizon investigated. 
However, existing typologies have not made the time frame an explicit 
classification dimension. Categorizing along time helps to improve 
research on understanding which mechanisms are responsible for the 
size of rebound effects because it relates to existing economic theories. 
Economic analyses typically differentiate between the short run and the 
long run. In the short run, prices, quantities and real income can typi-
cally change but economic conditions, e.g., preferences, technologies or 
the capital stock, stay the same. The long run includes changes of these 
economic conditions [70]. 

5.3. Systematic assignment of rebound mechanisms into the typology 

In the following, we revisit a large number of rebound mechanisms 
from the literature and assign them to the classes of our proposed ty-
pology. We include the mechanisms from the typologies reviewed in 
Section 4. In addition, we include the mechanisms from two influential 
articles by van den Bergh [62] on rebound mechanisms in general and 
Koesler et al. [53] with a focus on the global level. Table 2 gives an 
overview of the rebound mechanisms. Tables 3, 4, 5 and 6 in the Ap-
pendix provide more details on how the mechanisms are defined in all 
articles covered. Fig. 3 depicts our proposed typology, combining the 
different levels with the mechanisms from the literature. 

5.3.1. The micro level 
Effects at the micro level are often divided into direct and indirect 

effects [21,63]. While we do not use this differentiation, we follow the 
literature in its differentiation between households and firms. In 
households, two short run mechanisms occur. First, households substi-
tute the cheaper good or service for other goods or services (substitution 
of goods and services). Second, households experience an increase in 
income, leading to overall higher consumption of the goods or services 
(income). These mechanisms were described in almost all of the litera-
ture reviewed (see Table 3) with relatively coherent use of the terms 
substitution and income. These are short run mechanisms, as they relate 
to changes in incomes and prices and are therefore part of static ana-
lyses. The long run mechanisms are less commonly referred to in the 
literature, although they are already used in Greening et al. [11]. In the 
long run, consumer preferences can change due to more efficient tech-
nologies, which can affect both the composition and the quantity of 
consumption. 

For firms, two short run and one long run rebound mechanisms can 
be distinguished. Firms make use of the energy efficiency improvement 
by expanding production. A detailed study of the literature shows that 
this output mechanism takes different forms. While some argue from a 
cost-perspective that firms use savings to expand production [11,21,63], 
others argue from a productivity perspective that firms can produce 
more by use of the same production factors [26,65]. The substitution of 

production factors mechanism describes how firms replace other pro-
duction factors with energy services. We find that both mechanisms 
feature prominently in the literature reviewed, with seven publications 
citing both mechanisms and four publications addressing the substitu-
tion mechanism exclusively. Terminology is relatively homogenous (see 
Table 3). Both mechanisms occur in the short run as they are triggered 
by changes in (relative) prices. In the long run, firms can redesign the 
original product or some of its attributes [21], hence producing a 
product design mechanism [27,62]. For instance, car-manufacturers 
have continuously offset gains in fuel-efficiency by releasing new 
models, which are heavier, faster, etc., keeping fuel-consumption per 
kilometre roughly the same. This mechanism is less commonly described 
in the literature. 

We decided to exclude what is commonly called embodied energy 
from the list of mechanisms. Embodied energy is the energy used to 
produce the technology that facilitates the energy efficiency improve-
ment. There has been some discussion in the literature whether 
embodied energy effects classify as rebound mechanisms [13,27,71]. We 
follow the argument that embodied energy is not a rebound mechanism 
as it usually precedes an efficiency improvement, and rebound mecha-
nisms are defined as a (causal) result of an efficiency improvement. 
Furthermore, we agree that the processes considered here are of tech-
nological nature and do not involve “any economic mechanism (…) [or] 
behavioural or systemic responses” [13,71]. 

5.3.2. The meso level 
The meso level refers to sectors or markets. The literature exhibits 

three different areas in which mesoeconomic rebound mechanisms take 
place: final goods and services, intermediate goods and services, and 
(single) energy markets. 

First, in final-goods sectors, a short run mechanism has the same 
origin as those mechanisms at the micro level. Firms lower their (energy- 
) costs by increasing energy efficiency. In the case of the output mech-
anism at the micro level, they use savings/higher productivity to expand 
production. However, an alternative or additional effect is to use lower 
costs to decrease the prices of final goods and services [19,21,64]. In a 
competitive market, this decrease lowers the market price of that 
respective good and consequently increases sales. Thus, the entire sector 
expands [17]. While certainly not apparent as often in the literature as 
many of the mechanisms described at the micro level, this is the most 
commonly mentioned mechanism at the meso level (for an overview, see 
Table 4). 

Second, prices of intermediate goods and services can fall due to 
efficiency improvements in these sectors [11,27,64]. This fall may lead 
to one or both of the following rebound mechanisms that connect the 
intermediate and final-goods markets because the lower costs of inter-
mediate goods or services lead to lower costs for producers in final- 
goods markets: producers can use lower expenses to increase produc-
tion and/or, if the fall concerns many firms in a market or sector, they 
may decrease the price of the final good. 

Third, a mesoeconomic rebound mechanism can be triggered by a 
downward pressure on the price of a single energy carrier, which can 
result from less energy being consumed due to energy efficiency in-
creases [27,65]. Various energy markets exist (e.g., for oil, petrol, gas, 
coal, lignite, electricity, etc.). Whenever a significant number of firms in 
a sector using one such energy carrier increases energy efficiency, de-
mand for that type of energy carrier decreases. Depending on the elas-
ticity of supply of that energy carrier vis-à-vis other energy carriers, the 
price will decrease [72], which encourages other users of the energy 
carrier to consume more. Consequently, demand for the energy carrier 
will be larger than what would be expected from the efficiency im-
provements alone [27]. 

The three mechanisms mentioned so far take place in the short run as 
they relate to changes in prices. At the meso level, the literature reveals 
one mechanism in the long run as well. Scaling up the production to 
meet higher demands may induce economies of scale, which will lead to 

2 According to the OECD [69] a market can refer to either a specific product 
or a geographical area. We refer to product markets. A sector can have many 
different meanings. We refer to “a subgroup of an economic activity” (p. 609), 
meaning a group of firms that produce similar goods or services. 
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Table 2 
Summary table of rebound mechanisms identified in the literature review.  

Mechanism Author 
(s) 

Greening et 
al 2000 

Schipper 
and Grubb 
2000 

Sorrell 
2007 

Sorrell 
2009 

Madlener 
and Alcott 
2009 

Van den 
Bergh 
2011 

Jenkins et 
al 2011 

Maxwell et 
al 2011 

Michaels 
2012 

Azevedo et 
al 2012 

Gillingham 
et al.2016 

Santarius 
2016 

Madlener 
and Turner 
2016 

Koesler et 
al 2016 

Substitution of 
goods and 
services 

Micro 
level 

x x x x x x x x  x x x x  

Income x x x x x x x x  x x x x x 
Preference 

change 
x    x x    x   x  

Output x  x x x  x  x   x   
Substitution of 

production 
factors 

x x  x x x x  x   x x x 

Product design      x      x   

Final goods and 
services 

Meso 
level   

x     x     x  

Single energy 
carrier   

x      x   x   

Intermediate 
goods and 
services 

x       x    x   

Economies of 
scale            

x   

Overall energy 
price 

Macro 
level  

x x x x x x        

Composition of 
production   

x x  x x     x   

Composition of 
investment  

x         x    

Multiplier       x    x    
Innovation      x     x    
Wage increase            x   

Re-location Global 
level      

x  x      x 
Composition of 

imports              
x  

S. Lange et al.                                                                                                                                                                                                                                   



Energy Research & Social Science 74 (2021) 101982

9

Table 3 
Mechanisms on the micro level identified in literature review.  

Author(s) Year Micro level 
Substitution of products Income Preference change Firm output Substitution of 

production factors 
Product redesign 

Greening et 
al 

2000 p. 390: If the price of the 
energy service drops, 
consumers should 
substitute indefinitely for a 
given energy service 

p. 390: the direct effect 
of a price reduction 
may be decomposed 
into a substitution 
effect and an income 
effect 

p. 391: Changes in 
technology also 
have the potential 
to change 
consumers’ 
preferences (…). 

p. 390: a 
technological 
improvement (…) 
reduces the price of 
energy services (…) 
and should 
theoretically 
increase the supply. 

p. 391: if energy 
services decrease in 
effective price, a firm 
will substitute energy 
services for other 
factor inputs.  

Schipper 
and 
Grubb 

2000 p. 4: a substitution effect, 
whereby consumption of 
the (cheaper) energy (…) 
substitutes for the 
consumption of other goods 
and services 

p.4: an income effect, 
whereby the increase in 
real income (…) allows 
a higher level of utility 
(…) by increasing 
consumption (…)  

p. 4: output effect [:] 
(…) cost savings (…) 
allows a higher level 
of output (…) - 
thereby increasing 
consumption of all 
inputs   

Sorrell 2007 p. 1457: (…) energy- 
efficiency improvements 
(…) will reduce the cost of 
energy-intensive goods and 
services (…) thereby 
encouraging consumer 
demand to shift towards 
[them] 

p. 1457: (…) money 
saved (…) may be spent 
on other goods and 
services that also 
require energy to 
provide.  

p. 1457: Output 
effects: Producers 
may use the cost 
savings (…) to 
increase output 

p. 1462: Since energy 
prices were falling 
(…), energy 
substituted for other 
factors of production  

Sorrell 2009 p. 7: (…) consumers will 
substitute towards the more 
energy-efficient product 
[… and] away from other 
now relatively more 
expensive goods. 

p.7: (…) the lower 
effective price for the 
energy service (…) 
means consumers will 
(…) increase 
consumption of the 
more energy-efficient 
product (…) [and] 
other normal goods.     

Madlener 
and Alcott 

2009 p. 368: product substitution 
[:] (…) a consumer 
demands more of a given 
energy-service or product 
because it becomes cheaper 

p. 368: income effect to 
consumers, which may 
be called the ‘re- 
spending effect   

p. 368: (…)higher 
effciency (…) leads to 
substitution of more 
energy for other 
factors of production.  

Van den 
Bergh 

2011 p. 371: substitution effect: 
(…) we will consume more 
of those goods and services 
that are now produced in a 
more energy- efficient way. 

p. 371: income effect: 
(…) the quantities to 
consume have become 
cheaper per unit, and 
we can buy more of the 
same products, or other 
products, 

p. 371: consumer 
preferences may 
also change due to 
improvements in 
energy efficiency 
(…) 

p. 371: (…) energy 
‘freed’ from 
producing the 
previous level of 
output (…) is 
available (…) for 
some additional 
production. 

p. 371: (…) the 
substitution of energy 
for other factors of 
production.  

Jenkins et al 2011 p. 47: More intensive use of 
energy-consuming 
equipment (…) because of 
(…) lower effective energy 
cost 

p. 47: 3. Re-spending of 
financial savings due to 
energy conservation on 
other (…) goods and 
services (income 
effects). 

p. 47: 12. Changes 
in the cost of energy 
(…) may stimulate 
changes in 
preferences.  

p. 47: energy 
efficiency (…) change 
(…) the factor input 
mix (…) in 
production, due to 
substitution (…) 
relationships. 

p. 47: Purchase of 
larger units or units 
with more 
functions/services 
and consequently 
using more energy 

Maxwell et 
al 

2011 p.13: substitution effect: 
consumers may respond to 
the lower (…) price (…) by 
substituting that energy 
service for (…) other goods 
and services 

p. 13: income effects: 
(…) consumers may 
respond to the increase 
in apparent income by 
increasing demand for 
that energy service  

p. 13: output effects: 
(…) producing firms 
may (…) respond by 
increasing use of that 
energy service to 
expand their output 

p. 13: substitution 
effects: (…) firms may 
(…) substitute the 
now-cheaper energy 
service for other 
inputs to production  

Michaels 2012 p. 407: (…) direct rebounds 
(…) arise from the (…) 
substitution effect on the 
consumer side 

p. 406: (…) consumers 
use the extra relative 
income or the reduced 
prices (…) to demand 
more of the same (…) 
or (…) other goods and 
services  

p. 407: output effect 
on the production 
side (…), equivalent 
to the income effect 
on the consumption- 
side 

p. 407: substitution 
effect[:] the more 
efficient use of energy 
results in firms 
substituting (…) 
other (…) resources 
with increased energy 
use. 

p. 408: firms can 
also generate a 
rebound effect (…) 
[by] redesigning the 
original product (…) 

2012     

(continued on next page) 

S. Lange et al.                                                                                                                                                                                                                                   



Energy Research & Social Science 74 (2021) 101982

10

lower prices and increased production. With only one reference [27], 
this mechanism is the least prominent in the literature reviewed. 

5.3.3. The macro level 
At the macro level, we find six mechanisms, four related to the short 

and two related to the long run. Table 5 sums up the findings from the 
literature review. The overall energy price mechanism is similar to the 
price of a single energy carrier mechanism and occurs in the short run as it 
relates to price changes. If energy efficiency increases for many actors 
(households and/or firms), overall demand for energy decreases. 

Table 3 (continued ) 

Author(s) Year Micro level 
Substitution of products Income Preference change Firm output Substitution of 

production factors 
Product redesign 

Azevedo et 
al 

p. 34: The substitution 
effect (…) measures the 
degree of substitutability 
(…) or complementarity 
(…) between products. 

p. 33: (…) surplus of 
disposable income 
could be spent on 
increasing the level of 
service required (…) 
or/and allocated to 
other additional goods 
and services 

Gillingham 
et al. 

2016 p. 21: price effect p. 21: respending 
(income effect); 

p.22: changes in 
preferences;  

p. 21: change in factor 
input mix  

Santarius 2016    p. 8: Output or scale 
effects. If an input’s 
productivity 
increases, (marginal) 
production costs may 
fall at each level of 
output. 

p. 8: “direct 
substitution”. If fuel is 
substitutable for other 
inputs,(…) 
production (…) will 
use (…) more fuel and 
(…) less of other 
inputs  

Madlener 
and 
Turner 

2016 p. 9: Substitution effect: 
Efficiency gains in a 
particular energy service 
lead to […] more 
consumption of that service 
and out of other goods and 
services. 

p. 9: (…) additional 
income (…) freed up by 
saving energy costs can 
be used for other (…) 
consumption. 

p. 9: Substitution 
and income effects 
may lead to overall 
changes in 
consumption 
patterns.   

p. 8: Output or scale 
effects. If an input’s 
productivity 
increases, 
(marginal) 
production costs 
may fall at each level 
of output. 

Koesler et al 2016  p. 445: We expect real 
household income to 
rise (…), thereby 
increasing rebound   

p. 445: substitution 
effect: (…) there is 
substitution towards 
energy (…) in 
production in the 
target sector   

Table 4 
Mechanisms on the meso level as identified in literature review.  

Author(s) Year Meso level 
Prices of final goods and 
services 

Price of a single energy carrier Prices of intermediate goods and 
services 

Economies of scale 

Greening et 
al 

2000   p. 391: secondary effects result from 
(…) lower cost of one sector’s output 
on production costs of other sectors.  

Sorrell 2007 p. 2: Large-scale reductions in 
energy demand may translate 
into lower energy prices (…). 

p. 2: (…) energy efficiency 
improvements (…) will reduce the price 
of energy (…) encouraging (…) 
demand to shift towards [them].   

Maxwell et 
al 

2011 p. 37: Under energy efficiency 
(…) products/services (…) 
become cheaper and consumer 
demand grows.  

p. 37: Substitution effect (…) allows 
the price of output in (…) other 
sectors that purchase it as inputs to 
their sectors to fall.  

Michaels 2012  p.8: Technology diffusion: (…) lower 
fuel use could decrease [energy] price 
and indirectly affect its use in the other 
sectors.   

Santarius 2016  p. 409: (…) [because] consumers and 
firms demand less of a particular form 
of energy, its price will fall (in relative 
terms). 

p. 411: An efficiency gain in any one 
industry reduces (…) the cost of 
intermediate inputs to other 
industries 

p. 410: increased demand (…) can 
result in economies of scale that 
again cause prices to fall and 
produce a (…) relative income gain 

Madlener 
and 
Turner 

2016   p. 391: secondary effects result from 
(…) lower cost of one sector’s output 
on production costs of other sectors.   
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Depending on the elasticity of energy supply, this decrease leads to a 
lower price for and a greater use of energy [21,26,30,62,63,67]. The 
overall energy price mechanism relates to several or all sources of en-
ergy (compared to the price of a single energy carrier mechanism at the 
meso level). Second, there is a macroeconomic multiplier mechanism of 
efficiency improvements [22,30], which starts from the same logic as 
the income mechanism at the micro level. These household expenditures 
translate to increased revenues for the producers (employers and em-
ployees), which in turn translate into more investment and spending. 
This way, the multiplier mechanism traverses the economy [22,72]. It 
follows the logic of the traditional multiplier effect prominently argued 

for by Keynes [73] and is part of most macroeconomic textbooks. The 
macroeconomic rebound multiplier is different from the traditional 
multiplier in that additional demand does not stem from additional 
government investment [22,72]. 

A similar mechanism unfolds via wage increases [27]. As Wack-
ernagel and Rees [74] note, profits from efficiency improvements may 
also be allocated to raise employees’ wages. We identify this as a mac-
roeconomic rebound mechanism as people spend their wages on a wide 
basket of goods. It is a long run rebound mechanism as firms are unlikely 
to convert cost savings instantly into higher wages. Allan et al. [47] 
model that this way of transferring potential rebound mechanisms from 

Table 5 
Mechanisms on the macro level as identified in literature review.  

Author(s) Year Macro level 
Overall energy price Production-composition Investment- 

composition 
Multiplier Innovation Wages 

Schipper 
und 
Grubb 

2000 p. 368: (…) re- strained 
(growth in) energy use 
may be expected to 
(…) keep energy price 
increases lower  

p. 368: (…) 
structural change 
(…) if energy- 
intensive sectors or 
activities were 
stimulated    

Sorrell 2007 p. 2: Large-scale 
reductions in energy 
demand may translate 
into lower energy 
prices (…). 

p. 2: (…) energy efficiency 
improvements (…) will 
reduce the price of energy 
(…) encouraging (…) 
demand to shift towards 
[them].     

Sorrell 2009 p. 1457: Energy market 
effects: (…) reductions 
in energy demand may 
translate into lower 
energy prices 

p. 1457: Composition 
effects: (…) energy 
efficiency improvements 
(…) will reduce the price of 
energy (…) encouraging 
(…) demand to shift 
towards [them].     

Madlener 
and Alcott 

2009 p. 371: (…) lowered 
demand for energy 
inputs (…) leads to a 
fall in the unit price of 
energy (…)      

Van den 
Bergh 

2011 p. 47: (…) initial 
energy savings (…) 
[can be] so large that 
the energy price (…) 
drop[s] 

p. 47: Interactions between 
(…) markets due to the 
changing efficiency (…). As 
a result, the composition of 
production (…) will be 
affected   

p. 47: Technological 
innovation and 
diffusion effects will 
occur through (…) 
investments in R&D 
(…)  

Jenkins et al 2011 p. 22: Market Price 
Effects: Widespread 
improvements in 
energy efficiency can 
(…) decrease (…) 
energy market prices 

p. 22: “Composition 
Effects”: improvements in 
energy efficiency (…) 
[may] shift (…) the 
composition of the 
economy towards 
energyintensive sectors.  

p. 23: “Economic Growth 
Effect”: (…) lower costs for 
energy (…) will (…) 
increase (…) real incomes, 
(…) investment and 
consumption, stimulating 
economic growth.   

Gillingham 
et al. 

2016   p. 22: (…) sectoral 
reallocation may 
occur due to a 
change in the 
relative returns of 
economic sectors. 

p. 22f: dollars that were 
previously spent on energy 
can now be spent in ways 
that engage “new” 
economic activity […, 
which] may […] exceed the 
initial amount by some 
multiplier 

p.22: a zero- cost 
breakthrough in one 
sector may spill over 
to others  

Santarius 2016  p. 409: ‘composition effect’ 
(…) Reduced market prices 
can (…) alter the 
composition (…) of (…) a 
country’s economy.    

p. 411: firms 
can use the 
additional 
profit (…) to 
raise workers’ 
wages 

Madlener 
and 
Turner 

2016 p. 21: price effect p. 21: respending (income 
effect); 

p.22: changes in 
preferences;  

p. 21: change in 
factor input mix   
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the production- to the consumption-side may reduce the net economy- 
wide rebound. 

Note that, although the macroeconomic multiplier mechanism and 
the wage increase mechanism are separate mechanisms, both refer to 
increases in consumption due to higher incomes. While, in the case of 
the macroeconomic multiplier mechanism, the increase in income stems 
from more sales, for the wage increase mechanism, it stems from cost 
savings. Note also that deciding whether these two mechanisms take 
place in the short or long run is difficult. We assign them to short run 
because they do not change economic conditions such as preferences, 
technologies, etc. However, it could also be argued that these mecha-
nisms take a significant time to unfold in the real world and could 
therefore be labelled long run. 

If efficiency improvements particularly affect energy intensive goods 
or services, they can induce a demand shift towards more energy 
intensive goods or services [21,27,30,62,63]. Building on the termi-
nology in the literature, we label this the composition of production 
mechanism. It is again difficult to consistently assign this mechanism to 
the short or the long run. While neoclassical theories often assume an 
instantaneous reassignment of production factors, such changes are 
likely to take significant time in the real world. 

A related mechanism occurs clearly in the long run. The composition 
of investment mechanism is mediated by investment patterns [22,67]. 
As energy inputs in energy-intensive sectors become more productive 
due to efficiency gains, relative returns on investment for that sector also 
increase. Hence, investments relocate, and the sector will grow relative 
to others in the long run. A second long run mechanism at the macro 
level relates to innovation. The literature argues that technologies 
associated with energy efficiency improvements may spur additional 
innovations (see Table 5). This effect can have different causes: The new 
technologies spill over into other sectors [22], the policy leading to the 
energy efficiency improvement also triggers other innovations (ibid.), 
the new technology may generate ideas for additional energy-saving 
technologies [65] or the change in energy prices induced by more effi-
cient technologies leads to additional investments in developing more 
efficient technologies [62]. As innovations take time to unfold and 
change economic conditions, this is a long run mechanism. 

We excluded one mechanism referred to in the literature: total factor 
productivity. It is sometimes argued that energy efficiency improve-
ments trigger overall increases in productivity [21,62]. However, this is 
an example of a fallacy of double counting: Since all reasons for an in-
crease in total factor productivity are already covered by other mecha-
nisms – in particular investments in new technologies and innovations – 
increases in total factor productivity must not be included as a separate 
mechanism. If there are further mechanisms contributing to total factor 
productivity, these should be made explicit as separate mechanisms. 

5.3.4. The global level 
Energy efficiency improvements in one country also affect energy 

consumption in other countries. We follow Sorrell [21] who states: “To 
capture the full range of rebound effects, the system boundary for the 
independent variable (energy efficiency) should be relatively narrow, 
while the system boundary for the dependent variable (energy con-
sumption) should be as wide as possible” (p. 15). We therefore define a 
narrower system boundary for energy efficiency by only looking at ef-
ficiency improvements and subsequent rebound mechanisms originating 
within one country – thereby excluding rebound mechanisms origi-
nating in other countries. Table 6 gives an overview of the mechanisms 
found in the literature. 

The most prominent global mechanism is the re-location mechanism: 
Efficiency improvements in firms in one country raise their competi-
tiveness compared to firms in other countries [53,62]. As a result, trade 
patterns change and markets shift towards these efficiency first-movers 
[64]. From the perspective of the home country, the rebound effect may 
therefore appear to be larger than from a global perspective. In other 
countries, the increase in efficiency leads to a decrease of the domestic 
energy consumption [53]. Van den Bergh [62] coined this mechanisms 
“re-location” (p. 47). As Koesler et al. [53] point out, this mechanism 
works not only via the demand for final goods and services but also via 
the accompanying demand for intermediate goods and services. A sec-
ond global mechanism turns to the demand side of the economy. Koesler 
et al. [53] show how efficiency changes in the home-country may 
reshape the amount and composition of imports. This reshaping alters 
production and therefore also energy consumption in other countries. 
Contrary to rebound mechanisms on the other economic levels, it is 
unclear for both global mechanisms whether they increase or decrease 
energy consumption [53]. The two mechanisms are categorized as short 
run as the change in production takes place using existing capital 
equipment and workers and can be modelled in a static environment. 
However, there might also be long run implications. 

6. Discussion 

The literature review in Section 2 shows that a major challenge in the 
flourishing literature on rebound effects is the lack of a shared under-
standing of central terms and mechanisms and the relation between 
theoretical and empirical research. Section 4 shows that a contributing 
factor to this challenge is the absence of a shared typology and that 
existing typologies are not transparent, making it difficult to use and 
improve them. The typology developed in Section 5 aims to alleviate 
these challenges. From our perspective, the typology provides a solution 
to Turner’s [4] refutation to presenting ever-new rebound typologies, as 
more rebound mechanisms will be found over time. If future research 
follows our suggestion that there are but four rebound effects, one for 
each of the four heuristic levels, it can flourish and add more rebound 
mechanisms without rendering our typology obsolete. The discussion of 
our typology’s merits and limitations is structured along the five criteria 
for typologies developed in Section 3. 

Transparency: Our typology is explicit in its purposes and how it has 
been developed. This transparency facilitates future research in 
improving and/or criticizing the typology. Making the purposes explicit 
– namely understanding the determinants of rebound effects and 
developing policies to limit them – has strongly influenced the typol-
ogy’s development. Most importantly, it has shaped the choice of di-
mensions. This choice has led to the exclusion of the dimension ‘product 
types’ – i.e. distinguishing between direct and indirect effects. While this 
distinction between direct and indirect effects is well established in the 
literature (e.g. [21]), we propose that its continued use would be un-
helpful for both future research and policy making because it does not 
relate to common economic theories, existing data or policy arenas. It is 
our impression that the differentiation results from the historic devel-
opment of rebound literature that, for a long time, focused on house-
holds’ behaviors. With a broadening of research, the distinction between 
different economic levels has become more productive in helping 
structure research. 

Table 6 
Mechanisms on the global level as identified in literature review.  

Author(s) Year Global level 
Re-location Imports 

Maxwell 
et al 

2011 p. 38: (…) rebound effects can 
impact trade patterns (…)  

Van den 
Bergh 

2011 p. 47: International trade and 
re-location effects of changing 
efficiency (…) affect[s] 
comparative advantages.  

Koesler et 
al 

2016 p. 446: if the price falls in a 
particular home sector, (…) the 
competitiveness of the 
corresponding sector in other 
countries will fall (…) 

p. 446: (…) if (…) home- 
country import demand 
changes for non-price 
reasons, this affects the 
export demand in foreign 
countries.  
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Comprehensiveness: In Section 4, we argued that existing typologies 
already facilitated classes for the diversity of rebound mechanisms. 
However, the typologies did not allocate a comprehensive list of 
mechanisms. Our allocation in Section 5.3 is therefore novel. The only 
other such attempt has been conducted by Colmenares et al. [75]. They 
assign a large number of effects from the literature into a typology of 
four classes. However, they do not make transparent how they have 
allocated the mechanisms. Another advantage of stringent definitions 
and allocation of our typology is that it helps to keep the classes 
mutually exclusive. It has been pointed out that there are overlaps be-
tween different mechanisms from the literature – what we call the the 
‘fallacy of double counting’. This overlap has become visible whenever 
mechanisms appeared in different classes that referred to the same un-
derlying processes. 

This comprehensiveness criterion has led to three mechanisms being 
excluded from our list. First, total factor productivity has not been 
included because its underlying processes are already covered by other 
mechanisms (see Sub-section 5.3.3). Similarly, several mechanisms 
referring to relationships between energy efficiency improvements and 
economic growth have been excluded. For example, van den Bergh [62] 
argues that “[c]apital investment and accumulation effects of changes in 
energy costs mean long term effects on production output and produc-
tivity, which will affect energy use” (p. 47). However, such investments 
and accumulation and their effects on output and productivity are 
already covered by the mechanisms ‘output’, ‘investment’ and ‘inno-
vation’ of our typology. A third mechanism mentioned in the literature 
but excluded in our list is the “general equilibrium or macroeconomic 
effect” [19,62]. It covers a large number of processes included in other 
mechanisms in our list. 

Apart from these three exceptions, it has been possible to accom-
modate into the typology all rebound mechanisms which we have 
identified in the economic literature on rebound effects in seminal peer- 
reviewed papers. We believe a promising next step would therefore be to 
investigate whether the typology can be challenged by or enriched with 
mechanisms from the growing body of research on the rebound phe-
nomenon particularly from other disciplines such as sociology, psy-
chology or physics [see several contributions in [76], as well as [77–80] 
and others]. An additional promising next step would be to connect it to 
the debate on the sufficiency rebound phenomenon [81]. 

Clarity: The classes of the typology have been clearly defined. Of 
particular importance is the differentiation between rebound mecha-
nisms and rebound effects. This differentiation allows the typology to be 
related more directly to theoretical and empirical research: While 
theoretical discussions are mainly concerned with how rebound mech-
anisms cause a change in energy consumption, empirical research in-
vestigates the size of rebound effects on the different economic levels. 
The distinction between effects and mechanisms has also led to the 
exclusion of direct and indirect rebound effects from the typology as 
these are not mechanisms. Additionally, embodied energy in household 
appliances and capital equipment have been excluded as these occur 
prior to the energy efficiency improvements and therefore do not fall 
into our definition of mechanisms. While this distinction brings clarity 
into the debate, it also indicates a crucial limitation within rebound 
research in general: it is very difficult to empirically estimate the 
importance of a specific rebound mechanism. 

Parsimony: We argue in Section 4 that existing typologies are often 
simple but lack a sufficient degree of differentiation between classes. In 
particular, many typologies have one class that incorporates a large 
number of rebound mechanisms, preventing facilitation of a meaningful 
analytical basis. By combining the dimensions of economic level with 
time frames, a higher degree of differentiation has been achieved. 

Information value: The two dimensions of economic level and time 
frame improve the foundation for future theoretical and empirical 
research as they relate to existing economic theories and empirical data. 
In addition, our typology provides a more nuanced starting point for 
developing policies that tackle rebound effects compared to previous 

attempts (cf. Font Vivanco et al. [82], who are relatively broad brushed, 
focusing on efficiency, consistency and sufficiency strategies, or van den 
Bergh [62], who focusses on well-known generic economic instruments 
for internalizing environmental externalities). Our typology makes it 
clear that policies should not aim at tackling the rebound effects per se 
but should focus on specific mechanisms. Allocating mechanisms to each 
level allows policy makers to ensure they address the relevant mecha-
nisms at play. 

7. Conclusions 

Over the last 40 years, a substantive literature on the rebound phe-
nomenon has emerged. However, the burgeoning literature lacks a 
shared foundation of definitions, classifications and lists of important 
mechanism. This lack makes it difficult to compare and contrast find-
ings, aggregate results and provide policy recommendations. 

While there are a variety of existing classifications of rebounds ef-
fects, few articles have focused on developing coherent and transparent 
typologies. This paper aims to advance the foundations of such a ty-
pology by systematically building on existing typologies and being clear 
in its definitions and its development. We see our attempt as a step to-
wards developing a shared typology as envisaged by Dunlop [3]. A 
possible next step would be to challenge or advance this typology by 
attempting to incorporate non-economic rebound mechanisms and to 
see in how far and in what ways it would need to be adjusted. It is our 
hope that the transparency of our approach will provoke further critical 
debate within the community, at the end of which some form of agreed 
typology could emerge. 

From our perspective, a widely shared typology could then increas-
ingly inform and integrate empirical and theoretical research. Such a 
basis is urgently needed for policy makers since few energy efficiency 
programs take the rebound phenomenon into account [83,84]. This 
omission is partly due to the lack of systematic understanding of what 
these effects are but also due to influential interest groups [85]. It is 
especially important that policy makers better understand the way 
various rebound mechanisms work so that they can develop suitable 
policy mixes to mitigate rebound effects. 

In future research, the typology could be set in relation to certain 
policies and thereby help structure policy proposals and develop new 
policy ideas. It could be a tool to anticipate ex ante the effectiveness of 
certain rebound mitigation policies. In that sense, our typology could 
provide a ‘check list’ for policy makers, one that empowers them to 
design a comprehensive and ‘rebound-proof’ energy efficiency policy 
mix [86]. 
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