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Abstract:
This paper proposes that the national focus of energy ‘rebound’ studies should be extended to
an international context in the presence of supra-national agreements such as EU 20-20-20.
The potential for energy efficiency improvements in one nation to impact energy use in
others means that national targets and actions cannot be considered independently. This paper
develops a general equilibrium analysis of increased efficiency in productive energy use,
identifying a range of channels through which spillover effects may be transmitted as a result
of trade in goods and services. The results show that energy efficiency in one nation does
impact energy use in others. However, the sectoral and spatial distribution of positive and
negative effects depends on the nature of the efficiency improvement and factor supply
conditions. In particular, changes in relative competitiveness and energy supply conditions
act to dampen economy-wide rebound as the boundaries of the economy are expanded.
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1. Introduction
Existing research on the phenomenon of economy-wide rebound effects from
increased energy efficiency have identified the importance of trade effects determining the
nature and magnitude of economy-wide rebound effects in national economies where
efficiency improvements have occurred (e.g. Hanley et al., 2009; Van den Bergh, 2011).
However, the issue of potential spillover effects on energy demand (and supply) from energy
efficiency improvements in one region/nation on others have generally been neglected
(Madlener and Alcott, 2009; Sorrell, 2009; Turner, 2013; Van den Bergh, 2011). This paper
considers how the concept and consideration of economy-wide or 'macro-level' rebound may
be extended to consider the impacts of increased energy efficiency in one country on energy
use in others. While basic theoretical contributions on the issue of ‘global rebound’ have been
made (e.g. Wei, 2010) and some applied studies have been conducted (e.g. Barker et al.,
2009), there exist no applied macro-level rebound studies to date that attempt to fully
consider and identify the types of channels through which energy efficiency increases in one
region/nation may impact energy demand and supply conditions in others. This is an
important knowledge gap, particularly given the global nature of energy-related climate
change and the context of supra-national policy targets such as the EU 20-20-20 framework.
The potential for energy efficiency policy actions taken in one country to impact energy use
(and related emissions) in others implies that target setting and implementation decisions in
different member states may not be regarded as independent.
Rebound occurs when improvements in energy efficiency stimulate the direct and
derived demand for energy in production and/or final consumption. It is triggered by the fact
that an increase in the efficiency in the use of energy acts to reduce the implicit price of
energy by increasing the effective energy services gained from each physical unit of energy
used (Berkhout et al., 2000; Birol and Keppler, 2000; Brookes 1990, 2000; Greening et al.,
2000; Herring, 1999; Jevons, 1865; Saunders, 1992, 2000a,b; Schipper and Grubb, 2000; Van
den Bergh, 2011; see Dimitropoulos, 2007; Sorrell, 2007 and Turner, 2013 for recent reviews
of the literature, with policy reviews by Maxwell et al., 2011; Ryan and Campbell, 2012).
Moreover, economic impacts in general and rebound pressure in particular will spread to the
wider economy through a series of price and income effects. So called ‘economy-wide
rebound’ studies have generally been conducted in the context of improved efficiency in
industrial energy use within individual national or regional economies, and most commonly
using multi-sector computable general equilibrium, CGE, models (reviewed in Sorrell, 2007,
with more recent studies including Anson and Turner, 2009; Turner and Hanley, 2011).
The aim of this paper is to add to this literature by extending the spatial focus of the
economy-wide rebound effect. In Section 2 we consider the type of channels through which
an efficiency improvement in productive energy use (i.e. within industries/production sectors
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rather than the household final consumption sector)1 in one region/nation may spillover to
impact energy demand and supply conditions in direct and indirect trade partners. We also
derive the analytical specification through which economy-wide rebound may be quantified
for different levels of production activity and final consumption in different spatial settings.
In Section 3, we provide an overview of an international CGE framework, based on the type
of specification commonly used to consider issues of pollution leakage resulting from
implementation of environmental policies (e.g. Babiker, 2005; Böhringer and Löschel, 2006;
Löschel and Otto, 2009; Elliot et al., 2010). In Section 4, we explain how efficiency
improvements in productive energy use are simulated in this framework before presenting
results of illustrative case studies for first a general energy efficiency improvement in
German production (Section 5), then a shock targeted specifically in German manufacturing
(Section 6), and how these shocks transmit to the wider EU and global economies.
Conclusions and recommendations for future research are drawn in Section 7.

2. Extending the boundaries of the economy-wide rebound effect
2.1 Potential nature of international trade spillover effects affecting rebound at a supranational level
Individual regions and nations are linked by goods and factor markets. Consequently,
the impacts of economic disturbances and policy interventions in one region/nation may
spillover to affect activity in others. The focus of this paper is to consider how analyses of
economy-wide rebound effects from increased efficiency in industrial energy use in a given
nation may be impacted if the boundaries of ‘the economy’ are extended. We take a first step
in doing so by focussing attention on potential spillover effects resulting from trade in goods
and services. Three broad channels are identified:
A. General Demand Channels
When technical efficiency increases in productive energy use this equates to a positive
supply-side shock in the nation where the improvement takes place. The most basic impact
will be a general expansion in activity on both the production and final consumption sides of
the domestic economy. Where producers and final consumers use a combination of domestic
and imported goods and services, positive income and multiplier effects will stimulate both
foreign and domestic production, allowing the benefits of the expansion to spread to the
wider global economy. This would underlie concerns that rebound in energy use will grow as
the boundaries under consideration expand.
However, the source of this expansion is reduced costs of production and therefore
output prices in the domestic sector(s) where the efficiency improvement occurs, and in any
1

Lecca et al. (2014) show that the economy-wide impacts of increased efficiency in household energy use
through the Competitiveness Channel in particular (but not solely) are likely to be very different from those in
the case of productive energy use considered here.

2

downstream sectors (foreign or domestic) that (directly or indirectly) use the outputs of the
targeted sector as intermediate inputs to production. Thus, the nature of the demand
expansion will not simply depend on the nature of domestic and international supply chain
linkages but also on changes in relative prices. Moreover, where there are any constraints in
factor supply conditions in different regions, there will be opposing upward pressure on
prices, which will in turn put downward pressure on economy-wide rebound. On the other
hand, where factor returns increase this equates to additional income effects from increased
domestic and/or foreign household consumption demands. Thus, a mix of positive and
negative pressures on rebound in global energy use will come into play.
B. Competitiveness Channel
Another important channel for international spillover effects emerges from the
discussion above. First, an increase in the input efficiency of a particular sector results in a
comparative advantage of this sector relative to its counterparts in other regions, with the
benefits spreading to other domestic sectors that use the targeted sector’s outputs as
intermediate inputs. Thus, there is pressure for production, particularly in the targeted
activity, to increase in the region where the productivity improvements take place. While this
is part of the process that causes rebound in local energy demand, any consequent contraction
in external production will reduce foreign energy demand and economy-wide rebound
viewed from a multiregional perspective. Interestingly, this competitiveness channel could be
argued to build on the same mechanism as that in the context of carbon leakage, where
production is shifted abroad as a result of higher production costs resulting from
environmental policies, but acting in the opposite direction by shifting production to the
region where the policy action occurs (see Böhringer et al. 2012).
C. Energy Market Channel
Earlier work reported in Turner (2009, 2013) highlights another ‘negative rebound’
channel that will also apply in the context of international spillover effects from increased
efficiency in productive energy use (but would also apply in the case of increased energy
efficiency in final consumption activity – see Lecca et al., 2014). This is the impact of
changing demands on energy supply sectors. Initially, any increase in energy efficiency leads
to a decrease in energy demand. Three basic types of effects may result.
First, any reduction in energy demand will ultimately reduce the overall amount of
produced energy. Because energy supplying sectors, particularly those that are reliant on nonrenewable energy sources and technologies, are generally relative energy intensive, this by
itself will curb energy use (both directly and upstream). This is what Turner (2009) describes
as negative rebound pressure from negative multiplier effects (where, for example, increased
efficiency in the use of electricity generated from non-renewable sources depresses coal and
gas production). However, this will not be limited to domestic energy supply in the nation
where the efficiency improvement takes place. Given the high level of integration in
international energy markets negative multiplier effects are likely to spillover to external
energy supply chain. Whether this has the potential to decrease local or foreign rebound
3

depends thereby crucially of the location of the main energy supply of sector and wider
economy where the efficiency improvement takes place. If a large share of the affected
energy use is imported, the reduction of energy demand will have a depressing effect on
foreign rather than domestic rebound.
Second, the initial decrease in energy demand as efficiency improves will generate
downward pressure on domestic and – if energy markets are sufficiently integrated – also
external energy prices. Where energy prices are depressed, this will trigger additional energy
demand and put upward pressure on rebound in the respective regions. Again, note that this
mechanism is very similar to the energy market channel provoking carbon leakage in highly
integrated energy markets (see Böhringer et al. 2012), though, again, the shock triggering the
drop in local energy demand is different.
Third, Turner (2009) identifies another potential impact on energy supply conditions
where prices and/or revenues enjoyed by energy suppliers are negatively affected by a net
reduction in energy demand following from an efficiency improvement. This is that where
factor returns fall, particularly returns to capital in what tend to be relatively capital-intensive
production processes, this will affect the availability of capital to and the incentive to invest
in energy supply capacity. If energy supply conditions tighten, and in order to restore
equilibrium in capital markets, market prices for energy will have to rise, which will act to
offset positive demand pressure driving rebound.
Overall, the nature and importance of impacts on energy supply, demand and rebound
through these different channels in different regions will vary depending on the structure of
the existing trade linkages in different energy and non-energy goods and services between
regions that have and have not directly benefited from increased energy efficiency. In Section
3 we outline an international computable general equilibrium (CGE) modelling framework
that is then used (Sections 4-6) to simulate a range of illustrative scenarios that allow us to
consider the different channels identified above in an applied setting. First, in order to focus
on the specific issue of rebound that is stimulating current academic and policy debate
regarding the effectiveness of energy efficiency policies, we consider how the basic
specification of economy-wide rebound should be adjusted to consider spillover effects as the
boundaries of the economy are expanded from a national to a global level.

2.2 Quantifying rebound in a multi-regional setting
Here we build on the economy-wide rebound specifications derived in Lecca et al.
(2014) to consider the general equilibrium rebound effects of a proportionate improvement in
the efficiency with which energy is used in a single production sector. Own-sector rebound in
the targeted sector i, , (incorporating general equilibrium feedback effects on sector i
energy use in addition to direct and indirect rebound effects and reported in percentage
terms) is measured as:

4

1

100,

(1)

where is the change in energy use in sector i after all agents have adjusted their behaviour
in consequence of the technical energy efficiency improvement
0, both given in
percentage terms. To reiterate, this is not direct rebound; rather it is the change in energy use
in sector i with all general equilibrium effects of the efficiency improvement taken into
account.
The first step in considering the own-country economy-wide rebound effect is to
consider the impact of the proportionate energy efficiency improvement in the target sector i
on total energy use in the aggregate production side of the economy (all i=1,…,N sectors),
. The own-country total production rebound formulation,
(in percentage terms), is given
as:
1

100,

(2)

where  is the initial (base/reference year) share of sector i energy use in total energy use in
production (across all i=1,…,N sectors) in the domestic economy (which we label d below).
The term
∆

can be expressed as:
∆

∆

∆

(3)

,

where  represents absolute change and the op subscript indicates 'other production' (i.e. not
including sector i). Substituting equation (3) into equation (2) and using equation (1) gives:
∆

100.

(4)

This shows that the total (own-country) rebound in productive energy use will be greater than
the own-sector rebound if there is a net increase in aggregate energy use across all other
production sectors. On the other hand, if there is a net decrease in total energy use across all
other domestic production sectors, then total rebound in production will be lower than ownsector rebound.
To consider the full economy-wide rebound effect in the domestic economy, d, we
must also consider the impact on energy use on the (final) consumption side of the economy,
which generally equates to household energy consumption. Thus, the own-country economyis given as:
wide rebound formulation,
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1

100.

(5)

where  is the initial (base/reference year) share of sector i energy use in total energy use (in
both production and consumption) in the domestic economy, d. The term

can be expressed

as:
∆

∆

∆

∆

∆

∆

(6)

,

where the c subscript indicates 'consumption' (households). Substituting equation (6) into
equation (5) and using equations (1) and (4) gives:
∆

100.

(7)

This shows that the total (own-country) economy-wide rebound in the home country, d, will
be larger (smaller) than rebound in the aggregate production sector if there is a net increase
(decrease) in energy use in household final consumption.
Here we are also interested in international spillover effects of the energy efficiency
improvement on energy use in other countries. Therefore, we define a global rebound
rebound effect, , defining the total impact on energy use in all countries resulting from
increased efficiency in the use of energy in sector i within the home economy, d:
1

100,



(8)

where  is the initial (base/reference year) share of sector i (within country d) energy use in
total energy use (in both production and consumption in all countries) in the global economy,
g. The term
∆

can be expressed as:
∆

∆

∆

∆

∆



∆

∆

,

(9)

where the og subscript indicates 'other global' (i.e. not including sector i or any other
production or consumption activity in country d).
Substituting equation (9) into equation (8) and using equations (1), (4) and (7) gives:
∆

100.

(10)
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This shows that the total economy-wide global rebound will be greater than the own-country
rebound if there is a net increase in external aggregate energy use following the efficiency
improvement within country d. If there is a net decrease then total global rebound will be
lower than own-country rebound. Note that it is possible to identify more than one region
within the external global economy and break the steps in equations (8)-(10) out accordingly.
We do this below in identifying the rest of the EU-27 and the rest of the world.

3. The global CGE modelling framework
To evaluate the economy-wide rebound effect and provide a first analysis of the
international spillover effects that come along with an energy efficiency increase, we make
use of a static, multi-region, multi-sector CGE model which has been developed along the
lines of the Basic WIOD CGE (Koesler and Pothen, 2013). The model distinguishes between
two groups of commodities: energy commodities Y(eg,r) and non-energy commodities Y(neg,r).
The production of these goods is characterised by production functions with constant
elasticities of substitution (CES) and constant returns to scale. Nested CES functions with
three levels are employed to specify the substitution possibilities between capital K(r), labour
L(r), energy inputs A(eg,r) and non-energy intermediate inputs A(neg,r) of sectors. We apply a
KLEM production structure, thus capital and labour enter the production function on the
lowest level, on the second level value added is combined with energy and finally on the top
level of the CES function the energy-value-added composite is combined with a non-energy
material aggregate.2 An overview of the production structure is given in Figure 1. Sectoral
output can be used for intermediate use and/or final consumption domestically and/or
exported to other regions. Perfect competition is assumed in all markets. Interregional trade is
fully flexible and need not be balanced as long as the agent’s overall budget is balanced. The
choice among imports and domestically produced commodities is based on Armington’s idea
of regional product differentiation (Armington, 1969), i.e. domestic and foreign commodities
are distinguished by origin and are not necessarily perfect substitutes.
Each region is represented by one aggregated representative agent who embraces all
households and governmental final demand in a region. The representative agent maximizes
his utility by purchasing bundles of consumption goods subject to a budget constraint. The
budget is determined by factor and tax income along with (intertemporal and interregional)
borrowing or saving. In the initial scenarios modelled we assume that agents supply a fix
amount of capital and labour. Then, to allow for a stylised analysis of factor constraints, we
relax this assumption and implement a simple flexible factor supply within each region. Then
labour is supplied on the basis of a simplified consumption-leisure decision where we
account for an stylised unemployment rate of unemp(r)=5% which in combination with the
benchmark regional labour supply L0(r) gives the maximum amount of available labour in an
2

We are aware that this is not the only way of structuring the nested KLEM production function, and also that
the use of nested CES functions is in itself debatable (Lecca et al., 2011). Consideration of alternative nestings
and functional forms will be a focus of future work.
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economy Lmax(r)=L0(r)/(1-unemp(r)) and assume that the elasticity of substitution between
consumption and leisure is ect(r)=2.0. Moreover, the extended model implements capital
supply functions featuring a stylised price elasticity of eks(r)=0.5. In all cases, capital and
labour is mobile across sectors within regions but not across regions. As in this paper we
focus on spillovers from trade in commodities, we abstract from interregional factor mobility
and investment. Consumption of representative agents C(r) is given as a Leontief composite of
energy A(eg,r) and a non-energy Armington bundle A(neg,r).3 Utility U(r) is characterised by a
CES function bundling consumption and whenever applicable leisure T(r). The structure of
the utility functions is given in Figure 2.
<<Insert Figures 1 and 2 around here>>
For our analysis, the model has been set to feature 28 regions (all EU27 member
states, and Rest of the World (ROW)) and to include eight sectors, two of which are energy
supply sectors, (Electricity and Gas (E) and Coke Refined Petroleum and Nuclear Fuel
(CPN)), along with six others, (Services (SER), Transport (TRN), Construction (CON),
Manufacturing (MAN), Food, Beverages and Tobacco (FOB), and Primary Goods (PRI)).
However, in the interest of clarity, we aggregate the results of all EU member states apart of
Germany to a new region ‘Rest of EU’ (REU) and limit ourselves to the regions GER, REU
and ROW when reporting the results of the simulations. A detailed overview of the regions
and sectors covered in our analysis is given the Appendix (Tables A.1 and A.2).
Regarding the basic economic structure, the model builds on data from the World
Input-Output Database (WIOD) (Timmer et al., 2012; Dietzenbacher et al. 2013) and is
calibrated to the year 2009.4 The required Armington elasticities are taken from GTAP7
(Badri and Walmsley, 2008; Hertel et al., 2007; Hertel et al., 2008) and are mapped to the
sectors we consider prior to the implementation into the model. For substitution elasticities
determining the flexibility of production with regard to inputs, we turn to estimates from
Koesler and Schymura (2012).5

3

We are also aware that modelling consumption on the basis of a Leontief function is not the only possible
option and implies that representative agents cannot substitute between different commodities. Although this
approach has recently been endorsed by Herrendorf et al. (2013), we nevertheless present the implications for
household energy consumption and the rebound effect for different assumptions regarding the substitutability of
consumption goods in Tables A.4 and A. 5 in the Appendix and discuss them in Section 5 below. However, we
maintain the Leontief specification as a conservative assumption in the main simulation results.
4
The WIOD database is available at http://www.wiod.org. We use data downloaded on the 17th of April 2013.
5
Note, Koesler and Schymura (2012) do not provide substitution elasticities between capital and labour for the
Electricity and Gas sector (E). We assume that this elasticity is equal to the corresponding elasticity in the
manufacturing sector (0.234). They also do not provide an adequate substitution elasticity between value-added
and energy for the Coke Refined Petroleum and Nuclear Fuel (CPN) sector, here we assume that this elasticity is
equal to the corresponding elasticity for the chemical and chemical products sector (0.717).

8

4. Scenario design for applied general equilibrium analysis
4.1 Simulation strategy
We follow the standard approach adopted in CGE studies of economy-wide rebound
by examining the effects of a positive exogenous energy efficiency shock first in all
production sectors then limit it to a single production sector.6 This involves applying a single
shock in the form a step increase in energy-augmenting technological progress to one or more
sectors of a case study economy within a global modelling framework, and contrasting the
resulting new equilibrium to the benchmark situation (without efficiency changes). This
approach thus implements a ceteris paribus analysis and allows us to attribute all changes to
the efficiency shock.
The energy efficiency shock is applied to the second nest of the production function
of sectors (Figure 2 above) which has the form:

,

,

,

,

,

,

min

,

,

,

, (11)

,

where, η are input shares, ρ are substitution parameters and γEnergy indicates the level of
energy efficiency which is normalised to be one in the benchmark.
In this paper we consider four scenarios. All involve an illustrative exogenous
permanent increase in the (technical) energy efficiency of 10%.7 The first scenario is
characterised by an improvement in energy efficiency at all eight German production sectors
,

1.1 in equation (11). In this initial simulation national supplies of capital and

labour are fixed to the benchmark level but mobile across sectors. Applying a general
efficiency shock to the German economy has significant potential to affect trade between
regions. This scenario is therefore well-suited to study the international spillover channels
identified in Section 2.1. Because a flexible supply of factors can for itself affect rebound and
trade impacts (see, for example, Hanley et al., 2009; Turner and Hanley, 2011), we begin by
assuming fixed capital and labour supply. Then in the second simulation we examine the
impact of even a partial relaxation of the factor supply constraint in two simple ways. First,
we partially relax the labour supply using the simple treatment explained in Section 3, where
existing households respond to changing returns on labour by substituting between labour and
leisure. Second, as also noted in Section 3, we permit excess capacity in capital supply that is
6

In future work we aim to consider more sophisticated ways of simulating efficiency improvements (e.g. as
proposed by Fisher-Vanden and Ho, 2010, in modelling a link with R&D activity). Here we confine our
attention to a simple exogenous step change, and compare to an unchanging baseline given by the base year
dataset, in order to isolate the rebound pressures and spillover channels being studied.
7
On average the energy efficiency of the German industry has increased by about 1.6% per annum (BMWi,
2013). In the process of our analysis, we also considered efficiency improvements of 5%, 20% and 30%. But as
the magnitude of the shock only affects the scale of the different effects and does not change the underlying
basic effects, we focus in here on reporting our findings for a medium term (ca. 5 years), mapping to an energy
efficiency improvement of 10%.
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released in response to increases in the return to (price of) capital. The results of these first
two simulations (Scenarios 1 and 2) are discussed in Section 5.
However, in practice efficiency improvements are likely to be targeted at specific
rather than all sectors. Moreover, in considering a universal efficiency improvement,
important sectoral and inter-sectoral effects, such as changes in relative competitiveness, may
be masked. Therefore, in the third and fourth simulations we repeat the process above with
the same model assumptions as the first and second simulations (respectively) but limit the
implementation of the 10% energy efficiency improvement to the German manufacturing
(MAN) sector

,

1.1 . The results of the latter two simulations (Scenarios 3 and

4) are discussed in Section 6.

4.2 The case study of Germany (within the EU and global economies)
Efficiency improvements and the way they diffuse throughout the economy depend
crucially on the structure of the economies and in our context in particular their trade
structure is of key importance. An overview of some stylised facts about the German
economy and the German manufacturing sector are given in in the Appendix (Table A.3).
The respective figures relate to our aggregation scheme also illustrated in in the Appendix
(Tables A.1 and A.2).
In terms of the sector-specific focus on the simulations reported in Section 6, note
that, with a share of 26.73% of total production, MAN is one of Germany’s main sectors. It
accounts for 28.58% of energy use in German production and 16.57% of Germany’s total
energy consumption (see Table 1 below). Own-sector purchases dominate the intermediate
input demand of MAN, with the second most important being SER inputs. However, all
inputs may be sourced domestically or imported and non-domestic inputs in German MAN
are mainly sourced from the MAN and SER sectors in REU and ROW. In terms of exports,
the main customers of German MAN products are the intermediate demand agents MAN and
SER in REU and ROW.
In terms of reporting the various general equilibrium rebound effects explained in
Section 2.2, the energy use shares reported in Table 1 below inform the corresponding
parameters in the denominator of the rebound equations in Section 2.2.
<<Insert Table 1 around here>>
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5. Impacts of a 10% increase in energy-augmenting technological progress
targeted at all German production sectors (Scenarios 1 and 2)
5.1. Macro-level results (Scenario 1 - fixed regional labour and capital supply)
In the first of our four scenarios, we study the effects of simulating a 10% energy
efficiency improvement in all German sectors

,

1.1 . We begin with a situation

where total labour and capital supply is assumed fixed within all regions/nations but mobile
across sectors. Table 2 provides an overview of the main macro-level effects of the efficiency
improvement.
<<Insert Table 2 around here>>
The comprehensive efficiency improvement can be interpreted as a general
productivity increase in the German economy, putting downward pressure on output prices
and upward pressure on export demand. However, two factors introduce opposing pressures
in this scenario. First, constrained factor supply at the national level dampens growth and, as
Table 2 shows, increases the price of capital (+0.60%) and labour (+0.72%). This is sufficient
to cause a net increase in price in the SER and CON sectors (which are less energyintensive). Second, the energy efficiency improvement causes a net reduction in demand for
energy, and the price of energy falls (-1.23%) along with output in the two domestic energy
supply sectors (E and CPN – see Figure 3).
<<Insert Figure 3 around here>>
As the German non-energy supply sectors generally become more competitive and
expand their production (this is most limited in the case of MAN, which is not particularly
energy-intensive and thus does not benefit as much in terms of reduced costs of production as
efficiency improves), there is a net increase in German GDP of 0.52%. However, this is
largely as a result of increased domestic demand: despite an increase in the consumer price
index, the higher return on capital and labour facilitates an increase in household
consumption (+0.49%). While exports rise in the non-energy supply sectors, reduced export
demand for the output of the German energy supply sectors causes a net reduction in German
exports of -0.09% (though this is offset by a reduction in total import demand of 0.15% as
German production generally becomes more competitive so that Germany’s trade surplus
increases by 0.89% ). However, this reduction in export demand to the German energy supply
sectors is not due to a negative competitiveness effect (the price of output falls in German E
and CPN – Figure 3). Rather, this is due to contraction in the global energy supply chain
resulting from reduced energy demand in all German production sectors (see discussion of
REU and ROW results below). Moreover, taken with the net reduction in total energy use
11

across all production sectors (given the general increase in productive energy efficiency), this
is sufficient to elicit the first key result concerning economy-wide rebound as the borders of
the economy are expanded. Table 3 shows that the proportionate rebound effect contracts as
we move from German to REU to ROW using equations (8) to (10), which are calculated
twice, first for REU, then for ROW (with REU treated as domestic, i.e. within the REU
economy).
<<Insert Table 3 around here>>

5.2 Energy use (Scenario 1 - fixed regional labour and capital supply)
Let us consider the impacts on energy use in more detail. Table 2 shows that the
reduction in productive energy use as a direct result of increased in energy efficiency across
all sectors causes a drop in the overall price of energy in Germany (this all spills over to
negatively impact output prices in the REU and ROW energy supply sectors – see below).
This decrease in the market price of physical energy exacerbates the (direct) positive rebound
pressure (from the reduced cost of energy services extracted per physical unit on energy). At
the economy-wide level, positive rebound on the production-side of the German economy is
triggered by two distinct effects. First, as energy becomes cheaper, firms opt for additional
energy inputs and substitute energy for relatively more expensive inputs in particular capital
and labour. Second, the general expansion of production and final demand increases the
demand for all types of inputs, including energy (the General Demand Channels identified in
Section 2.1). However, the strength and impact of these effects varies across sectors based on
production technology and the strength of the positive competitiveness effect. The most
marked different is observed in the domestic energy supply sectors, E and CPN, where the
negative output effect dominates. As a result, the positive rebound pressure in German
productive energy use is partly offset by the reduction in energy use in the contracted energy
supply sectors (the Energy Market Channel). The net impact is a reduction in total energy use
in German production of -5.34%, which generates the general equilibrium ‘own-country
production’ rebound effect of 46.6% in Table 3 (calculated from equation (2), where α=1
given that the efficiency improvement affects all German sectors, and our results show that
element

∆

in the decomposition through equations (3) and (4) is negative).

However, while productive energy use falls, Table 2 shows that energy use in the
German household sector increases in line with the general expansion of consumption (note
that this is proportionate due to the Leontief assumption between consumption of energy and
non-energy in the utility function – energy use may be expected to rise more if substitution
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were possible given the reduced price of energy).8 Thus, total economy-wide general
equilibrium rebound effect rises as household energy uses rises (using equations (5) to (7)
where element

∆

is positive). This increase is from 46.6% (own-country production) to

50.2% (full own-country economy-wide rebound) in the central case reported in the second
column of Table 3. This equates to a decrease in total German energy use of just -2.89%. The
net impact on the aggregate price of energy in German as a result of reduced total demand is
the drop of -1.27% reported above.

5.3 International spillover effects (Scenario 1 - fixed regional labour and capital supply)
The economy-wide efficiency shock also has spillover effects in REU and ROW (with
results reported at aggregate level in Figures 4 and 5, but with EU members states modelled
separately in generating the results). The key result in terms of the general equilibrium
calculation of economy-wide rebound is the negative impact through the Energy Market
Channel and has already been mentioned in the context of the impact on energy use in
domestic German production. This reflects what Turner (2009) refers to as negative
multiplier effects in energy supply, and which, triggered by the general increase in German
productive energy efficiency, equates to an intermediate demand contraction in both domestic
and external energy supply chain activity. Accordingly, Figures 4 and 5 show contractions in
output and energy use (despite a small decrease in price) in the REU and ROW energy supply
sectors (E and CPN). This exacerbates the negative rebound pressure accompanying the
contraction in German energy supply and exports and the economy-wide rebound reported in
Table 3 falls from 50.18% to 47.28% in moving from a German to a European level, and
reduces further to 46.58% when taking a global perspective of the economy. However, the
drop in rebound as we expand the boundaries of the economy from German to EU to world
levels is also partly explained by a wider contraction in production activity in the latter two
regions resulting from reduced competitiveness relative to the more efficient German sectors,
with crowding out worsened by upward pressure on prices due to fixed factor supply. Thus,
the Competitiveness Channel also plays an important role here.
<<Insert Figures 4 and 5 around here>>
8

Indeed the summary results of the sensitivity analysis reported in Table A.4 show that the economy-wide
rebound effect grows at all levels as we increase substitutability from zero (in the central Leontief case) up to
one (Cobb-Douglas specification). Moreover, the change in moving from the own-country production to total
own-country rebound becomes larger (more positive), while the contraction in economy-wide rebound as we
expand the boundaries of the economy from Germany to EU and then to the world economy becomes smaller
(less negative). Table A.5 shows that the increase in rebound effects with increased substitutability is much
smaller when the magnitude of the efficiency improvement is reduced (limited to the German manufacturing) in
the results reported in Section 6 below. We proceed in our discussion of results based on the somewhat
conservative Leontief assumption but note that the specification of the household energy use decision is worthy
of future investigation.
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In terms of the wider impacts in REU and ROW, Table 2 shows that there is a slight
contraction in GDP in both regions, and that this is greater in REU where trade linkages with
Germany are stronger. What happens at the sectoral level in REU and ROW depends on the
relative importance of positive demand effects as the German economy expands (both
production activity and household final consumption) and negative competitiveness effects
where German prices fall. Moreover, this is set in the context of fixed labour and capital
supplies within each country/region. Table 2 shows that the supply constraint causes a rise in
the price of labour due to the demand effect (which is sufficient to facilitate an expansion in
household consumption in REU) but the price/return on capital falls due to the negative
relative competitiveness effect combined with reduced energy supply activity. While some
REU and ROW sectors do receive a net boost, particularly MAN (due to the weakness of the
positive competitiveness effect in the German sector, multiplier effects from the overall
expansion of German production and the strength of the income effect as German household
consumption rises). Overall, however, Table 2 shows that there is a net crowding out of REU
and ROW GDP as a result of the general boost to German producers’ energy efficiency in the
presence of the supply constraint on labour and capital. This is accompanied by a more than
proportionate decrease in productive energy use in both regions due to the negative multiplier
effect in the relatively energy-intensive energy supply sectors (though this effect is much
more significant in REU, where energy supply linkages with Germany are stronger) are a key
element underlying the contracting economy-wide rebound results in Table 3.

5.4 Partial relaxation of labour and capital supply constraints (Scenario 2)
In Scenario 2 the simulation above is repeated but with some stylised relaxation of
factor supply constraints. While we do not model investment and migration processes as in
other economy-wide rebound studies such as Hanley et al. (2009), as explained in Section 3
we do allow the total labour and capital supplies in each nation/region to adjust according to
the currently prevailing capital and labour prices (i.e. assuming some excess capacity in
capital and labour that may now be accessed).
<<Insert Table 4 around here>>
The key differences in results from making this one change are apparent in Table 4.
First, there is a markedly larger increase in German GDP as a result of the general energy
efficiency improvement in German production (+0.76% relative to +0.52% in Scenario 1 as
reported in Table 2 above). There is also a lesser degree of crowding out of activity as
reflected by GDP in REU and ROW (though the magnitudes remain small). Thus, positive
pressure increases and negative pressures from increased factor supply prices decrease within
the General Demand Channels. With only partial relaxation of supply constraints, Table 4
shows that the prices of labour and capital still rise in Germany (but to a lesser extent than
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under Scenario 1). However, in REU and ROW there are smaller decreases in the price of
capital and larger increases in the price of labour. This is due to the fact that, with a stronger
German expansion, there is a greater indirect demand shock in REU and ROW, but this still
takes place in the presence of some constraints on factor supply. While we do not report the
equivalents of Figures 3-5 for Scenario 2 here, we can report that the pattern of sectoral level
changes in prices, output and energy use are similar; however, positive competitiveness
effects from falling German output prices is larger and this now leads to the net increase in
German exports (+0.14%). The Competitiveness Channel still favours Germany but positive
income effects mean that the demand boost to REU and ROW is reflected in an increase in
total imports (+.0.08%). Thus, in contrast to Scenario 1, the (larger) boost to Germany’s trade
surplus (+1.08% relative to +0.89%) reflects an expansion rather than a contraction in
international trade activity.
However, while trade increases overall, the key result is still present in that
production in and trade between the energy supply sectors (E and CPN) in all regions is
reduced as a result of the energy efficiency improvement in German (but to a slightly lesser
extent than in Scenario 1). Thus, negative pressure from the Energy Market Channel is still
important, just to a lesser degree. At the sectoral level, the pattern of energy use changes are
similar but, again, slightly smaller (and the increase in household energy use is larger at
+0.74% relative to +0.49% in Scenario 1) so that general equilibrium rebound grows at all
levels in Table 5. Moreover, the upward pressure on energy use is exacerbated by a slightly
larger drop in the aggregate price of energy.
<<Insert Table 5 around here>>

6. Impacts of a 10% increase in energy-augmenting technological progress
targeted at a single German production sector, Manufacturing (Scenarios 3
and 4)
6.1. Economic impacts
In this section we consider the impacts of a more focussed energy efficiency
improvement, targeted at just one sector of the German economy, MAN. Given the more
limited nature of the positive supply-side shock in the German economy, we would expect to
observe a smaller expansion in GDP. Tables 6 and 7 (Scenarios 3 and 4 respectively) reflect
this, with a +0.13% increase in German GDP where labour and capital supplies are fixed at
the national level (Table 6, Scenario 3) growing to +0.22% where a slight relaxation of
constraints is possible with supply responding to changing returns (Table 7, Scenario 4).
<<Insert Tables 6 and 7 around here>>
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With any extent of supply constraint, there is upward pressure on capital and labour
prices. This is shown in Tables 6 and 7 (declining but still present in the latter). This means
that the competitiveness of all sectors not directly benefiting from the efficiency enhancement
is likely to be negatively affected as they compete for the factors required to facilitate the
expansion of the targeted sector (in the case of downstream producers this acts against the
positive effects from lower priced intermediate inputs from MAN). This is apparent in
Table 8, where the price of output rises in all German sectors except MAN (which itself only
enjoys a small reduction in price due to the relatively low energy intensity noted in the
discussion of results in Section 5). In general, this causes a reduction in output in all but the
targeted MAN and the SER and CON sectors within Germany. Exports rise in MAN and
CON, but the latter, along with SER, is also boosted as a result of increased intermediate
demand from the targeted MAN sector. SER in particular benefits as the main intermediate
supplier to MAN. However, note that the energy intensity of both SER and CON rises as they
substitute in favour of energy in response to the larger rise in factor input prices. The German
E and CPN sectors, which suffer as result of the contraction in energy demand in MAN
activity as efficiency increases are further impacted by the rise in domestic capital and labour
costs. On the other hand, the smaller increase in REU and ROW factor costs, means that the
REU electricity and gas (E) sector at least is able to realise a net benefit as a result of the
General Demand Channels (offsetting negative effects through the Energy Market Channel).
<<Insert Table 8 around here>>
Similarly, while the REU and ROW MAN sectors are crowded out as a result of the
increased competitiveness of the German sector, other external sectors enjoy net boosts (to
varying degrees) as a result of both the indirect demand shock of the boost to German activity
and through substitution away from German production in favour of now relatively cheaper
imports. Table 8 illustrates that there is upward pressure on REU and ROW prices due to the
(smaller) increase in factor prices in these regions also, but the relative price shift favours the
external regions. However, given that the German efficiency improvement is targeted in the
MAN sector, the corresponding external sectors suffer in the opposite manner (and to a
greater extent given the positive boost to German MAN rather than the purely supply
constrained negative effect in the other German sectors).
In terms of the balance of trade activity, under Scenario 3 (factor supply fixed at
national level) total German exports receive a net boost of +0.25%, but this is entirely due to
the increase in MAN and CON exports given the contraction in all other sectors. On the other
hand, imports are driven by both income and substitution effects and rise by more (+0.32%)
so that there is a net negative effect on Germany’s trade surplus.
All in all, under Scenario 4 (with some relaxation of factor supply), a similar pattern
of results emerges as observed under Scenario 3. However, with a more flexible factor
supply, the growth effect is stronger and for example GDP increases by 0.22% in Scenario 4,
almost twice the 0.13% rise in Scenario 3. Nonetheless, the stronger overall expansion of
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German production means that, despite the additional factor supply, only the price of capital
decreases. Labour is in Scenario 4 even scarcer than in Scenario 3, indicating that eventually
capital will be the limiting factor here.

6.2. Energy use and rebound
In terms of energy use, the expected energy saving (with no rebound) will be smaller in
Scenarios 3 and 4 relative to Scenarios 1 and 2 as a result of the more limited energy
efficiency improvement. This is why the α parameter is introduced to the calculation of
equation (2) and an additional ‘own-sector’ general equilibrium rebound effect is introduced
in Table 9. Remember that this is not limited to the direct rebound effect; rather it reflects the
total change in MAN energy use taking into account the full expansionary process and how
this acts to further boost the sector’s activity level. This is now less energy intensive: Figure 6
shows that output rises but with a reduction in energy use that is less than half the
proportionate size the 10% efficiency, reflecting the 54.4% own-sector rebound for Scenario
3, growing to 57.3% in Scenario 4 where the factor supply constraint is partially relaxed.
<<Insert Table 9 around here>>
The changes in total energy use in each region in Tables 6 and 7 follow a similar
pattern to that observed for Scenarios 1 and 2 (Tables 2 and 4), though these map to slightly
larger proportionate rebound effects in Table 9. Note that this is despite increased prices in
the domestic and foreign energy sectors (Table 8), which translates to an increase in the
aggregate energy price in Tables 6 and 7. In Scenarios 1 and 2 the aggregate price of energy
was reduced in all regions. When the efficiency improvement is limited to German MAN
falling energy market prices is lost as a source of upward pressure on rebound but replaced by
the greater proportionate increase in activity levels that is possible even in the presence of
factor supply constraints and crowding out of German sectors where efficiency doesn’t
improve.
In terms of the qualitative pattern of increases and decreases in moving from owncountry production to total rebound, and then to EU and global levels, while the results in
Table 9 (Scenarios 3 and 4) follow the same pattern as what is observed in Tables 3 and 5
(Scenarios 1 and 2), the underlying composition of effects is different. First, given that the
energy efficiency improvement in Scenarios 3 and 4 is not targeted at all German production
sectors, a new result is introduced in the first column of Table 9. The reduction in the
magnitude of the economy-wide rebound effect in moving from the own-sector (MAN) effect
to own-country production results in Table 9 is explained by the reduction in activity in most
other German production sectors. Part of this is due to crowding out of other non-energy
supply sectors (which haven’t received the efficiency boost). However, negative multiplier
effects in energy supply triggered by the reduction in MAN demand for energy as its
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efficiency improves also make an important contribution, just as they did in Scenarios 1 and 2
(where crowding out also occurred, but all sectors benefited from the efficiency
improvement).
Second, as in Scenarios 1 and 2, rebound increases when the change (increase) in
household energy use is incorporated (using equations (5)-(7)) to move to the total German
(own-country) economy-wide rebound. Note that this element increases by proportionately
more in Scenarios 3 and 4 relative to Scenarios 1 and 2 respectively. This is because, while
the absolute magnitude of the increase in household consumption and energy use is greater in
Scenarios 1 and 2, in relative terms (given the smaller shock) households receive a bigger
income boost with proportionately larger increases in capital and labour returns in Scenarios
3 and 4.
Finally, as we expand the geographical focus first from German to EU level, there is a
smaller contraction in the size of the rebound effect relative to Scenarios 1 and 2. This is
explained by the greater boost to REU production under Scenarios 3 and 4, where only the
targeted German MAN benefits from positive competitiveness effects. Here the negative
multiplier effects in energy supply triggered by the energy efficiency improvement are only
sufficient to bring about a decrease in the REU CPN (coke, refined petroleum and nuclear
fuel) sector. The sector E (electricity and gas sector), on the other hand, receives a net boost
as a result of the expansion in German MAN, household and other REU activity. As we
further expand the geographical focus from EU to world economy level the impact on the
energy supply sectors is negligible. Given the boost to all non-MAN, non-energy supply
sectors in REU and ROW, the contraction in economy-wide rebound as we expand spatial
focus is almost entirely attributable to the crowding out of the external MAN sectors.

7. Conclusions and directions for future research
This paper extends the analyses of ‘economy-wide’ rebound from the national focus of
previous studies and investigates whether international spillover effects from trade in goods
and services have the potential to change the overall (global) rebound of local energy
efficiency improvements. On that account, we propose a measure of economy-wide rebound
that is appropriate for use if the boundaries of ‘the economy’ in question are expanded
beyond the borders of the national economy where an efficiency improvement takes place (in
one or all sectors). Whether rebound rises or falls as the boundaries are extended depends on
whether there is a net increase or decrease in energy use in the area of activity being
introduced. While demand-side factors may be expected to cause incremental increases in the
size of the proportionate rebound measure as the boundaries are expanded (i.e. considering
spatial boundaries in the same additive way as implicitly proposed in the wider literature by,
for example, Sorrell, 2009), our findings concur with those of Turner (2009) and Lecca et al.
(2014) in demonstrating that there are downward pressures on economy-wide rebound once
price and supply considerations are introduced to the analysis. In the course of our analysis,
we share Turner’s (2009) focus on increased efficiency in productive energy use through
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consideration of how positive and negative rebound pressures interact when international
spillover effects are taken into account in considering economy-wide rebound at a supranational level. However, Lecca et al. (2014) demonstrate that similar negative pressures
impact the economy-wide response to increased efficiency in household energy use (though
the nature of positive rebound pressures is somewhat different).
We identify and study three broad channels through which international spillover of
local efficiency improvements regarding sectoral energy use can occur. First, we consider
General Demand Channels and how these are restricted by constraints on factor supply.
Positive demand effects affecting energy use in non-energy production and household
consumption are present in all of the simulation results. However, the strength of these
depends particularly on the strength of effects through the second channel identified. This is
referred to as the Competitiveness Channel and the nature and magnitude of impacts depends
on changes in the price of output in domestic sectors (which may or may not be the target of
efficiency improvements) relative to those in corresponding external sectors. The strength of
competitiveness effects again depend generally on factor supply conditions but their nature –
who benefits (directly or indirectly) – depends very much on the case under study. Here we
found that a general efficiency improvement across all German production sectors means that
(despite opposing pressure from increased factor prices) any positive demand boost to
external production will be offset from a relative reduction in foreign competitiveness. On,
the other hand, where only one German production sector (manufacturing) benefited from an
efficiency improvement, both demand and competitiveness effects/channels were enjoyed by
non-competing sectors in the wider EU and global economies. Nonetheless, in one of the two
cases simulated here, with only the German manufacturing sector experiencing an efficiency
improvement, the positive competitiveness effect in the targeted German sector was strong
enough (even given its relatively low energy efficiency) to be the main determinant of the
observed contraction in economy-wide rebound in moving first from German to EU-wide
then the global level.
Within the third spillover channel identified, the Energy Market Channel, contractions
in both domestic and external energy supply chain resulting from the initial demand reduction
as efficiency improves dominate and were shown to have the strongest negating impact on
rebound (at all spatial levels) the larger the efficiency improvement. That is, where the
efficiency improvement is applied to all German sectors and there is the strongest initial
contraction in demand. When we limit the efficiency improvement to German manufacturing,
which has a relatively low energy-intensity to begin with, positive demand effects in energy
supply from boosted activity in household consumption in all regions, and in REU and ROW
production sectors, lessens the negating impact of the Energy Market Channel on rebound at
all levels.
In terms of how the research presented here should be developed in the future, supply
side issues would seem to be the main priority. First, given the importance of what is
assumed about factor supply in the simulations reported here, a key area for developing this
strand of research will be to introduce more sophisticated treatment of labour and capital
markets. For example, permitting factor mobility between regions would permit consideration
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of additional potential spillover channels. Moreover, introducing treatment of dynamic
adjustment of factor supply would allow us to consider the evolution of economy-wide
rebound over time. Second, given the importance of energy supply responses in the results
reported here, a priority must be to develop a more sophisticated treatment of energy supply.
This should include (but not be limited to) consideration of issues such as just how capacity
decision are made (which adds emphasis to the need for consideration of dynamic
adjustment), the impact of increasing exploitation of renewable energy sources and
technologies, and how energy prices are determined in local and international markets.
Finally, application of the type of framework developed here (and further developed through
the aforementioned future research priorities) wold be invaluable in considering the domestic
and international spillover effects of domestic policies to increase efficiency in household
energy use, and the implications in terms of interdependence of energy efficiency policy
implementation (for example, under EU 20-20-20) in one nation on energy use in others.
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APPENDICES
Table A.1
List of regions
AUT
BEL
BGR
CYP
CZE
DNK
ESP
EST
FIN
FRA
GBR
GER
GRC
HUN
IRL
ITA
LTU
LUX
LVA
MLT
NLD
POL
PRT
ROM
SVK
SVN
SWE
REU

Region
Austria
Belgium
Bulgaria
Cypress
Czech Republic
Denmark
Spain
Estonia
Finland
France
Great Britain
Germany
Greece
Hungary
Ireland
Italia
Lithuania
Luxembourg
Latvia
Malta
The Netherlands
Poland
Portugal
Romania
Slovakia
Slovenia
Sweden
Rest of Europe

Associated WIOD Regions
AUT
BEL
BGR
CYP
CZE
DNK
ESP
EST
FIN
FRA
GBR
DEU
GRC
HUN
IRL
ITA
LTU
LUX
LVA
MLT
NLD
POL
PRT
ROM
SVK
SVN
SWE
AUT, BEL, BGR, CYP, CZE, DNK, ESP, EST, FIN,
FRA, GBR, GRC, HUN, IRL, ITA, LTU, LUX, LVA,
MLT, NLD, POL, PRT, ROM, SVK, SVN, SWE

Table A.2
List of sectors
E
SER
TRN
CON
MAN

Sector
Electricity and Gas
Services
Transport
Construction
Manufacturing

CPN
FOB
PRI

Coke Refined Petroleum and Nuclear Fuel
Food Beverages and Tobacco
Primary Goods

Associated WIOD Sectors
E
50, 51, 52, H, 63, 64, J, 70, 71t74, L, M, N, O, P
60, 61, 62
F
17t18, 19, 21t22, 24, 25, 26, 27t28, 29, 30t33, 34t35,
36t37
23
15t16
AtB, C, 20
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Table A.3
Stylised facts on Germany economy and German manufacturing
Source:
Authors’ calculations based on WIOD
(Timmer et al., 2012; Dietzenbacher et al., 2013)
Main Export Partner
(Share of Export)

Main Import Partner
(Share of Imports)
Main Input
(Share of Input)

Germany Manufacturing
REU Final Demand
ROW Final Demand
REU MAN
ROW MAN
REU SER
ROW SER
REU MAN
ROW MAN
REU SER
ROW SER
MAN
SER
Energy

Share of Energy Use
in German Production (α)
Share of Energy Use
in German Economy (β)
Share of Energy Use
in EU (ψ)
Share of Energy Use
Worldwide (χ)
Share of Output
in German Economy

21.06%
20.56%
18.92%
17.10%
6.32%
4.52%
53.8%
30.12%
3.39%
3.8%
27.15%
22.32%
2.88%

Germany Production
REU Final Demand
21.01%
ROW Final Demand
18.70%
REU MAN
15.45%
ROW MAN
15.55%
REU SER
7.77%
ROW SER
7.31%
REU MAN
38.97%
ROW MAN
22.75%
REU SER
9.08%
ROW SER
8.62%
n/a

28.58%

n/a

16.57%

57.99%

3.09%

10.81%

0.84%

2.95%

26.73%

n/a

Table A.4
Sensitivity analysis with regard to consumption structure
Scenario:
10% increase in energy efficiency in all German sectors, but assuming
different elasticities of substitution for consumption (es_c)
fixed national labour and capital supply
Own-country
production Rp
Leontief composite
Rebound [%]
Change [percentage points]
es_c = 0.5
Rebound [%]
Change [percentage points]
Cobb-Douglas composite
Rebound [%]
Change [percentage points]

Own-country
total Rd

EU Rg

Global
World Rg

46.60

50.18
3.58

47.28
-2.90

46.58
-0.70

47.57

55.87
8.30

53.50
-2.37

53.03
-0.47

48.55

61.58
13.03

59.74
-1.84

59.50
-0.24

Germany
0.4948%
1.1454%
1.7991%

REU
0.0005%
0.0141%
0.0274%

ROW
-0.0003%
0.0027%
0.0057%

Change of household energy use
Leontief composite
es_c = 0.5
Cobb-Douglas composite
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Table A.5
Sensitivity analysis with regard to consumption structure
Scenario:
10% increase in energy efficiency in German manufacturing, but
assuming different elasticities of substitution for consumption (es_c)
fixed national labour and capital supply
Ownsector
Ri
Leontief composite
Rebound [%]
Change [percentage points]
es_c = 0.5
Rebound [%]
Change [percentage points]
Cobb-Douglas composite
Rebound [%]
Change [percentage points]

Own-country
production
Rp

Own-country
total
Rd

56.44

47.63
-8.81

51.31
3.68

50.22
-1.09

48.11
-2.11

57.05

48.29
-8.76

52.22
3.93

50.96
-1.26

48.86
-2.10

57.63

48.93
-8.70

53.12
4.19

51.68
-1.44

49.63
-2.05

Germany
0.1453%
0.1551%
0.1653%

REU
0.0004%
-0.0017%
-0.0038%

ROW
-0.0004%
-0.0008%
-0.0013%

Change of household energy use
Leontief composite
es_c = 0.5
Cobb-Douglas composite
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Global
EU
Rg

World
Rg

TABLES
Table 1
Energy shares for German rebound calculations
Source:
Authors’ calculations based on WIOD
(Timmer et al., 2012; Dietzenbacher et al., 2013)
German Manufacturing
Share of Energy Use
in German Production (α)
Share of Energy Use
in German Economy (β)
Share of Energy Use
in EU (ψ)
Share of Energy Use
Worldwide (χ)

German Production

German Economy

28.58%

100%

n/a

16.57%

57.99%

100%

3.09%

10.81%

18.65%

0.84%

2.95%

5.09%

Table 2
Change in key macroeconomic indicators
Scenario 1: 10% increase in energy efficiency in all German sectors
fixed national labour and capital supply
GDP (Expenditure Approach)
Exports
Imports
Household consumption
CPI
Price of capital
Price of labour
Price of energy (aggregate)
Household energy use
Industrial energy use
Total domestic energy use

Germany
0.5159%
-0.0873%
-0.1503%
0.4948%
0.2079%
0.5998%
0.7173%
-1.2698%
0.4948%
-5.3403%
-2.8892%

REU
-0.0050%
-0.0168%
-0.0108%
0.0005%
0.0048%
-0.0069%
0.0094%
-0.0082%
0.0005%
-0.0600%
-0.0386%

ROW
-0.0024%
-0.0021%
-0.0001%
-0.0003%
0.0000%
-0.0009%
0.0001%
-0.0006%
-0.0003%
-0.0036%
-0.0028%

Table 3
General equilibrium rebound effects
Scenario 1: 10% increase in energy efficiency in all German sectors
fixed national labour and capital supply

Rebound [%]
Change [percentage points]

Own-country
production Rp
46.60

Own-country
total Rd
50.18
3.58
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Global
EU Rg
World Rg
47.28
46.58
-2.90
-0.70

Table 4
Change in key macroeconomic indicators
Scenario 2: 10% increase in energy efficiency in all German sectors
flexible national labour and capital supply
GDP (Expenditure Approach)
Exports
Imports
Household consumption
CPI
Price of capital
Price of labour
Price of energy (aggregate)
Household energy use
Industrial energy use
Total domestic energy use

Germany
0.7605%
0.1361%
0.0755%
0.7427%
0.1717%
0.5266%
0.6835%
-1.3110%
0.7427%
-5.1201%
-2.6574%

REU
-0.0022%
-0.0145%
-0.0071%
0.0046%
0.0037%
-0.0007%
0.0096%
-0.0064%
0.0049%
-0.0574%
-0.0353%

ROW
-0.0021%
-0.0024%
0.0000%
0.0003%
0.0000%
-0.0002%
0.0005%
-0.0004%
0.0003%
-0.0039%
-0.0028%

Table 5
General equilibrium rebound effects
Scenario 2: 10% increase in energy efficiency in all German sectors
flexible national labour and capital supply

Rebound [%]
Change [percentage points]

Own-country
production Rp
47.55

Own-country
total Rd
51.81
4.26

Global
EU Rg
World Rg
48.92
48.20
-2.89
-0.72

Table 6
Change in key macroeconomic indicators
Scenario 3: 10% increase in energy efficiency in German manufacturing
fixed national labour and capital supply
GDP (Expenditure Approach)
Exports
Imports
Household consumption
CPI
Price of capital
Price of labour
Price of energy (aggregate)
Household energy use
Industrial energy use
Total domestic energy use

Germany
0.1332%
0.0254%
0.0322%
0.1453%
0.2309%
0.3255%
0.3696%
0.2440%
0.1453%
-1.4965%
-0.8069%

REU
-0.0006%
-0.0079%
-0.0070%
0.0003%
0.0034%
0.0088%
0.0077%
0.0078%
0.0004%
-0.0067%
-0.0041%
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ROW
0.0002%
-0.0041%
-0.0047%
-0.0004%
0.0000%
-0.0007%
0.0000%
0.0001%
-0.0004%
-0.0031%
-0.0024%

Table 7
Change in key macroeconomic indicators
Scenario 4: 10% increase in energy efficiency in German manufacturing
flexible national labour and capital supply
GDP (Expenditure Approach)
Exports
Imports
Household consumption
CPI
Price of capital
Price of labour
Price of energy (aggregate)
Household energy use
Industrial energy use
Total domestic energy use

Germany
0.2243%
0.1082%
0.1155%
0.2372%
0.2140%
0.2593%
0.3716%
0.2173%
0.2372%
-1.4079%
-0.7169%

REU
0.0005%
-0.0070%
-0.0055%
0.0018%
0.0029%
0.0076%
0.0093%
0.0073%
0.0023%
-0.0053%
-0.0026%

ROW
0.0002%
-0.0042%
-0.0046%
-0.0002%
0.0000%
-0.0003%
0.0001%
0.0002%
-0.0002%
-0.0033%
-0.0025%

Table 8
Changes in sectoral price, output and energy use
Scenario 3: 10% increase in energy efficiency in German manufacturing
fix national labour and capital supply
Scenario 4: 10% increase in energy efficiency in German manufacturing
flexible national labour and capital supply
Price
GER
E
SER
TRN
CON
MAN
CPN
FOB
PRI
REU
E
SER
TRN
CON
MAN
CPN
FOB
PRI
ROW
E
SER
TRN
CON
MAN
CPN
FOB
PRI

Scenario 3
Output

Energy use

Price

Scenario 4
Output

Energy use

0.2732%
0.3186%
0.2820%
0.2368%
-0.0833%
0.1741%
0.2479%
0.2628%

-0.9322%
0.0675%
-0.2761%
0.1145%
0.4328%
-0.7427%
-0.5512%
-0.6743%

-0.9261%
0.0612%
-0.1814%
0.0690%
-4.3559%
-0.7105%
-0.5910%
-0.6907%

0.2406%
0.2966%
0.2675%
0.2236%
-0.0945%
0.1616%
0.2374%
0.2582%

-0.8321%
0.1559%
-0.1969%
0.2042%
0.5145%
-0.6582%
-0.4675%
-0.5965%

-0.8261%
0.1523%
-0.1036%
0.1592%
-4.2723%
-0.6266%
-0.5060%
-0.6123%

0.0065%
0.0044%
0.0059%
0.0026%
-0.0003%
0.0057%
0.0059%
0.0062%

0.0073%
0.0059%
0.0292%
0.0032%
-0.0719%
-0.0172%
0.0872%
0.0403%

0.0053%
0.0044%
0.0296%
0.0018%
-0.0780%
-0.0247%
0.0842%
0.0395%

0.0058%
0.0043%
0.0057%
0.0025%
-0.0010%
0.0054%
0.0055%
0.0059%

0.0067%
0.0073%
0.0300%
0.0050%
-0.0723%
-0.0121%
0.0895%
0.0462%

0.0050%
0.0059%
0.0310%
0.0036%
-0.0780%
-0.0185%
0.0863%
0.0461%

0.0000%
0.0002%
0.0005%
0.0000%
-0.0004%
0.0001%
0.0005%
0.0001%

-0.0008%
0.0014%
0.0087%
0.0002%
-0.0183%
0.0003%
0.0113%
0.0027%

-0.0010%
0.0019%
0.0085%
0.0001%
-0.0194%
-0.0002%
0.0115%
0.0025%

0.0001%
0.0003%
0.0005%
0.0000%
-0.0005%
0.0002%
0.0005%
0.0002%

-0.0012%
0.0016%
0.0088%
0.0004%
-0.0191%
0.0004%
0.0116%
0.0033%

-0.0015%
0.0021%
0.0087%
0.0002%
-0.0202%
0.0000%
0.0117%
0.0031%
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Table 9
General equilibrium rebound effects
Scenario 3: 10% increase in energy efficiency in German manufacturing
fix national labour and capital supply
Scenario 4: 10% increase in energy efficiency in German manufacturing
flexible national labour and capital supply
Own-sector Ri
Scenario 3
Rebound [%]
Change [percentage points]
Scenario 3
Rebound [%]
Change [percentage points]

Own-country
production Rp

Own-country
total Rd

Global
EU Rg
World
Rg

56.44

47.63
-8.81

51.31
3.68

50.22
-1.09

48.11
-2.11

57.28

50.73
-6.55

56.74
6.01

56.05
-0.69

53.88
-2.17
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Figure 3: Changes in sectoral price, output and energy use in Germany (Scenario 1)
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Figure 4: Changes in sectoral price, output and energy use in the rest of Europe
(Scenario 1)
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Figure 5: Changes in sectoral price, output and energy use in the rest of the World
(Scenario 1)
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