How to catch the rebound effect in interindustry modelling
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Abstract

Increases in energy efficiency are reduced by the rebound effect. Efficiency gains on the
micro level do not lead to proportionate reductions of energy consumption on the macro
level. Most of the empirical approaches assume an autonomous increase of energy
efficiency and analyze rebound effects on macro and sector level. Any cost and investment
needed to reach additional energy efficiency in already highly efficient market economies are
often neglected. In the applied CGE models the economy and its sectors adjust smoothly to
the positive efficiency “shock” via reduced costs and prices in the more efficient industries, as
substitution between factor inputs is possible in no time according to substitution elasticities.
Sometimes lower short-term and significantly higher long-term substitution elasticities are
used to calculate the respective effects. Rigidities due to long-life cycles of energy intensive
capital stocks are thus accounted for quite generically. There is some understanding about
how the rebound effect on the sector and macro level will change with assumptions about the
central parameters in sensitivity analyses. Policies and their additional effects on top of

energy efficiency are only rarely considered in these approaches.

The German energy-economy INFORUM-type model PANTA RHEI, including a time series
of national 10 tables, will be applied to better understand the rebound effect in this type of

model by a set of simulations. Starting from an autonomous increase in energy efficiency in



some industries, the analysis will be broadened towards necessary investment for energy
efficiency improvement and the role of technical progress for the effects. The impact of

different model characteristics and scenario assumptions will be shown.

1. Introduction and background

In the literature on rebound effects, there is a broad consensus that rebound effects exist and
are a major reason why energy efficiency increases do not translate into a reduction in
energy consumption to the same extent. In general, survey articles such as Chakravarty et
al. (2013) show a range of these effects from near zero (no rebound) to greater than one
(backfire). However, it is not only the estimates of the size of the rebound that vary
considerably, but also macroeconomic models and modelling approaches used by authors
differ in many cases. The methods can certainly not (only) explain most of this range. In a
comparison of eight CGE models for different countries, Allan et al. (2007a) come to the
conclusion that the economy-wide rebounds range considerably from 37% to over 100%. A
comprehensive literature review can be found in Lange et al. (2019), in which various forms
of rebound effects and methods for capturing them are discussed. Impacts can be divided
into micro-, meso- and macroeconomic rebound effects, whereby all underlying effects have
to be included when considering the respective levels. Microeconomic effects take place on
the individual level of an economic unit, i.e. a consumer or company, where a distinction can
be made between direct and indirect as well as substitution and income effects (see Lange et
al. 2019). Mesoeconomic effects are those that affect the next higher level of aggregation,
i.e. groups of individual actors as markets and sectors. Finally, macroeconomic effects have
an impact at the national or international level. In addition to effects on international trade,

energy prices and macroeconomic multipliers are taken into account.

As depicted by Lange et al. (2019), three fundamentally different methods are suitable for the

analysis of rebound effects: theoretical approaches, empirical ex post studies and model-
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based ex ante analyses. Macro rebounds are generally determined using economy-wide
models in ex ante analyses. There are macroeconomic (growth) models that are closely
linked to economic theory, computable general equilibrium (CGE) models that assume
optimisation behaviour of companies and households at the microeconomic level according
to neoclassical theory and emphasize the supply side, and macroeconometric models that
set the behavioural parameters on the basis of empirical observations and include the
demand side more strongly. The latter two model types contain the industrial structure of the
economy on the basis of input-output tables. (Neoclassical) growth models go back to Solow
and describe on an aggregated level the interaction of the production factors labour, capital,
materials, sometimes also energy and technical progress, all of which lead to the growth of

aggregate production.

Following the explanations of Chakravarty et al. (2013), there are even four different model
types that are suitable for calculating the macro rebound (orig.: economy-wide rebound):
Macroeconomic models, CGE models, econometric models and hybrid models. However, the
term "hybrid" remains unclear in the publication. In a similar manner, Colmenares et al.
(2018) differentiate between neo-classical growth models, econometric models and
simulation models with integrated assessment models being distinguished as a fourth model
type. A current study for the EC (Pollitt et al. 2017) distinguishes between (static) input-
output models used for multiplier analyses, supply-oriented CGE models based on
neoclassical theory, assuming benefit and profit maximisation of households and companies
and starting from cleared markets, and macroeconometric models in which behavioural
parameters are determined on the basis of time series estimates, thus extrapolating past
behaviour into the future, to which a post-Keynesian, demand-side oriented approach is
generally ascribed. For the classification of the model types further overviews can be found

e.g. in West (1995) and IEA (2014).



The literature is briefly summarized in section 2 with a view to key model properties for
determining rebounds. It describes the efficiency shocks that are introduced into the models
and the modelling results concerning rebounds. The aim of the considerations is to gain
insights for simulations of macroeconomic rebound effects and for the definition of policy
measures limiting rebound effects in the project using the macroeconometric model PANTA
RHEI, which is described in section 3. Section 4 concludes with a set of own simulations to
better understand rebound effects and to design policies to cap or reduce the rebound

effects.

2. Literature review of modelling approaches

This literature review summarizes results from Banning, Lutz (2019). A selection of the three
established model types is presented based on detailed publications that were used to
estimate rebound effects at the macroeconomic level: These make use of a macroeconomic

growth model, two CGE models and a macroeconometric model.

Various model-based analyses of rebound effects were selected in Banning, Lutz (2019)
based on the following criteria: the model considered i) examines a macroeconomic or
economic-wide rebound as defined in Lange et al. (2019), ii) is explained in sufficient detail,
which allows for the examination of influencing factors, underlying assumptions, and
variables, and iii) is presumably of relevance for the modelling approach in section 4 not only
because of this detailed information but also because of the regional coverage and the

capturing and mapping of rebound effects.

In contrast to the micro level, the analysis of macroeconomic rebound effects is less common
(Lange et al. 2019). To go beyond the company or household level, highly aggregated
empirical models are sometimes used (e.g. Antal et al. 2014, Holm et al. 2009), which are

not further considered. Findings for economies that are difficult to compare with Germany



may not be transferable, which further limits the choice. This applies to studies looking at a
rapidly growing emerging market economy such as China (Lin et al. 2014) as well as to an
economy with high energy production such as the US, which is oriented towards the

domestic market (Bohringer et al. 2018, Rausch et al. 2018).

Additionally, the selection of the research contributions is intended to cover the range of
different model types and theoretical approaches. The four models examined are the macro
model used by Saunders (2000) to assess the general impact of an energy efficiency shock
on GDP, the macroeconometric model MDM-E3 applied by Barker, Foxon (2008) to analyse
rebound effects of energy efficiency measures in the UK, and two CGE models. Firstly, the
national UKENVI model, with which Allan et al. (2007a) simulate an energy efficiency shock
for the UK. Secondly, a multiregional, global CGE model used by Koesler et al. (2016), which

fully captures global effects of national energy efficiency measures in Germany.

The approach of Saunders (2000) can be classified as a theoretical macroeconomic model
that only considers the total economy. A Cobb-Douglas production function is used with

labour, capital, and energy as input factors. Elasticities of substitution are set to (minus) 1.

Both Allan et al. (2007a), in the context of a national economy, and Koesler et al. (2016),
which shift the focus to the international context, apply CGE models, which are based on
neoclassical assumptions. Following the optimisation decisions of agents markets generally
clear and reach equilibrium via price changes (EC 2017). Allan et al. (2007b) cite the strong
anchoring in (neo) classical economic theory with a firm microeconomic basis, appropriate
treatment of supply-side changes and good comparability of counterfactual analyses as
advantages of CGE modelling. However, they draw attention to the difficulty of comparing
models with each other, because a change in fundamental assumptions has far-reaching

effects on the results. Moreover, especially in the context of energy efficiency, the barriers to



the implementation of new technologies could be underestimated (cf. also Sorrell et al.

2004).

In both cases, the economy is divided into different sectors. The UKENVI model used by
Allan et al. (2007a) differentiates between 25 sectors, five of which are explicitly assigned to
energy generation. Using an input-output table, the interactions between individual sectors
can be taken into account. In the international model, Koesler et al. (2016) distinguish eight

sectors for each country (each region) considered, two representing energy production.

The MDM-E3 developed by Barker, Foxon (2008) combines econometric time series data
and input-output data. The modelling of demand and investment is (post-) Keynesian,
whereas the supply side is also represented by equation systems. In general, four energy
consuming sectors of the economy, households, industry, transport and commerce, with
various subsectors according to the energy balance, and 50 industries are distinguished: The
model is classified as macroeconometric corresponding to the international model system
E3ME, which is used intensively for the EU Commission (EC 2017). Macroeconometric
models generally offer comprehensive explanations of the adjustments of an overall
economy to changing conditions (Allan et al. 2007b). The parameters of the equation
systems are derived from historical data using established empirical methods. Allan et al.
(2007Db) cite as advantages compared to CGE models the possibility of testing the quality of
the model and of mapping dynamic developments, such as the depletion of resources. In
contrast, the microeconomic database is less disaggregated and may offer less insight into
the effects of policy measures on welfare and income distribution. Table 1 gives an overview

of major characteristics of the four models:



Table 1 Overview over central model characteristics

estimated individually

Saunders Allan et al. (2007a) Barker, Foxon Koesler et al.
(2000) (2008) (2016), nach
Sektoren

T o | Iheoretical E3-CGE (UKENVI) National Multi region CGE

é g macroeconomic macroeonometric world model
model model (MDM-E3)

_5 < | Cobb-Douglas Multi-level production | No explicitly stated KLEM (CES,

§ % functions (CES, production function: sector/country

8 § sector specific) factor demand specific)

o

Number
of sectors

Holistic economy

25 (5 of which
energy)

50 industries,
4 sectors: 50 fuel
users

8 (2 of which energy)
per country

1 (between
labour, capital,

0.3 (between energy
and non-energy

Between 0.15-0.72
depending on sector

and Energy) components)

(median values over
all countries)

Elasticity of
substitution

Source: Banning, Lutz (2019)

The importance of the elasticities of substitution of energy and other input factors for the
model results and the level of rebound is emphasized. Using the Cobb-Douglas function in
Saunders (2000) results in the implicit assumption of a substitution elasticity of 1 for the input
factors. Allan et al. (2007a) assume a value of 0.3 for the elasticity of substitution between
energy and non-energy components, as well as for the elasticity of substitution between
intermediate consumption (in which the energy component is included) and value added.
Koesler et al. (2016) use a substitution elasticity for each of the eight sectors of their model
at each of the three levels of their production function in each depicted country. The value of
the elasticity of the energy component to labour and capital ranges between 0.15
(construction) and 0.72 (coke, refined petroleum and nuclear fuel), in the manufacturing
sector the median value is 0.53. Barker, Foxon (2008) estimate different factor demand

functions, i.e. there is no explicit production function in the model.



Barker, Foxon (2008), Allan et al. (2007a) as well as Koesler et al. (2016) quantify the size of
the rebound investigated in concrete terms, while Saunders (2000) limits itself to determining
a rebound effect of more than 100% - so-called backfire. This size is not achieved in the
other models, even under variation of different assumptions. The MDM-E3 model shows a
macro rebound (by their definition; sum of indirect and economy-wide effects) of 11 %. To
calculate the total rebound, the exogenous direct rebound effects found to be 15% are added
to the model, so that the total rebound amounts to 26%. The long-term rebound in the
UKENVI model is comparable. At 62% and 55%, respectively, the short-term rebound effects
for electricity and other energy are significantly higher, but these fall to 27% (31%) in the long
term. In Koesler et al. (2016), the values are generally higher, although they vary depending
on the scenarios. In scenario 1, the efficiency shock is only assumed in the German
manufacturing sector, in scenario 2 the increase in efficiency occurs across all production
sectors. In scenario 1, the system-wide rebound of 48% is marginally higher than in scenario
2 (47%). Depending on the chosen scope, the rebound can reach up to 57% (rebound in

manufacturing in scenario 1.

Fundamental cause of the rebound effect is an increase in energy efficiency in all models,
with the cause, extent and sectors affected differing from model to model. Table 2 gives a
schematic overview of the causal efficiency shocks. The methodological approach is
generally the same: an initial scenario that represents the status quo is compared with an
alternative scenario in which energy efficiency is increased. The changes in energy
consumption compared to the original value are then compared with the increase in energy

efficiency to calculate the rebound.

For Saunders (2000), the increase in energy efficiency (synonymous to fuel efficiency) has a
system-wide effect, i.e. on the economy as a whole. In the UKENVI model, the increase in

efficiency assumed by Allan et al. (2007a) is expressed by an increase in energy productivity



of 5%, which affects all producing sectors of the economy - the energy efficiency of
households, the government and rest of world remain unchanged. Koesler et al. (2016)
proceed in a quite similar way: Depending on the scenario under consideration, an
(autonomous) increase in efficiency of 10% affects the German manufacturing industry
(scenario 1) or total German production (i.e. all differentiated 8 sectors, scenario 2). The
amount of the rebound is then calculated for the individual sector (only possible in the first
case, since in the second a sector cannot be examined in isolation), the German economy as

a whole and, in the international context, both for the rest of the EU and for the rest of world.

In the MDM-E3 model, the increase in efficiency is mapped by various policy measures or
programmes that have actually been adopted. The macro rebound examined by the authors
as the sum of the indirect and economy-wide rebound results from the difference between
the energy savings calculated by the model and the expected net savings by the policy
programs after considering the direct rebound as reported from other studies more
technically oriented. The scope of the study is limited to the UK, where both imports and
exports react, i.e. there is a link to the rest of the world. In the case of increases in household

energy efficiency, a reduction in energy expenditure leads to an increase in real income.

In all models, an increase in energy efficiency improves the productivity of the economy and
leads to an increase in GDP or output. Saunders (2000) estimates the growth induced by a
20% increase in energy efficiency to be 1-2% in the short term and around 14% higher in the
long term, i.e. up to 2.28%. Allan et al. (2007a) come to the same conclusion that long-term
growth exceeds short-term growth. The 5 % increase in energy productivity leads to a 0.11 %
increase in GDP in the short term, while the difference increases to 0.17 % in the long term.
In Koesler et al. (2016) the results for the rest of the European Union are zero, although the
increase in efficiency in both scenarios leads to higher GDP in the country in which the

increase in efficiency took place (+0.13 % and +0.51 %, respectively). The GDP of the rest of



the world remains unchanged in the scenario of an efficiency shock in the German
manufacturing sector. If the efficiency shock affects German production as a whole, it will
decline slightly (-0.002 %). In absolute terms, the positive effect of increased domestic
production in the more efficient country predominates in both cases, with the result that more
is produced worldwide in the aggregate than in the initial situation. Barker, Foxon (2008)

show an increase in GDP in the UK of 1.26% compared with the reference scenario induced

by the energy efficiency measures.

Table 2: Model Results

Saunders (2000) | Allan et al. Barker, Foxon Koesler et al. (2016)
(2007a) (2008)
Rebound Not quantified Electricity Macro rebound (by | 47%- 57%,
effects production: their definition): depending on scope

62% short term,
27% long term

Remaining energy
production:

55% short term,
31% long term

1%

Direct rebound:
15% (exogenous
to the model)

Total rebound:
26%

and scenario

Causal shock

Rise in energy

Rise in energy

Various policy

Rise in energy

productivity by productivity by 5% | measures productivity by 10%,
20% Scenario 1:in
German
manufacturing,
Scenario 2: in all
producing German
sectors
Effect on Short term: +1- Short term: +1.26% Scenario 1:
GDP 2% +0.11% Germany: +0.13%
Long term: 14% | Long term: ROW: +0%
higher than short | +0.17% ;
Scenario 2:

term (i.e. 2.28%
instead of 2%)

Germany: +0.5%
ROW: -0.002%

Source: Banning, Lutz (2019)
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Both Barker, Foxon (2008) and Allan et al. (2007a) report a positive impact on employment.
Employment is 0.8 % and 0.21 % higher, respectively, than without an increase in efficiency.
With the exception of Saunders (2000), all models also show effects on the general price
level or the consumer price index. Barker, Foxon (2008) and Allan et al. (2007a) observe a
system-wide decline in prices of 2.4% (GDP deflator) and 0.27% (consumer prices),
respectively. In Koesler et al. (2016) the consumer price index, on the other hand, is rising
both in the context of the national economy and EU-wide in both scenarios, although the
prices of the industry affected by the efficiency increase are falling. The consumer price

index for the rest of the world remains constant in both cases.

With the exception of Barker, Foxon (2008), the increase in energy efficiency is achieved in
all models at no cost (autonomously), i.e. without higher expenditures by government,
households or companies. This is explicitly the case in the baseline scenario of the studies
by Allan et al. (2007a). The assumption is modified in the context of sensitivity analyses: here
cost increases occur in the manufacturing sectors. Specifically, the costs of labour rise in the
form of lower labour productivity. This takes account of the increased amount of work
required to implement the efficiency measures. In the MDM-E3 model, each of the
implemented policy measures is associated with specific costs and thus investments. This
concerns the public sector in the form of incentive payments, subsidies, investments and
administrative costs, companies in the form of investments and administrative costs, which
are, however, partly offset by subsidies and incentive payments received, and households

making investments.

3. Model PANTA RHEI

The national economy-energy-environment model PANTA RHEI, which will be applied in
section four, is an environmentally extended version of the econometric simulation and

forecasting model INFORGE for Germany (Ahlert et al., 2009, Zika et al. 2018). A detailed
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description of the economic part of the model is presented in Maier et al. (2015). For detail of
the complete model see Lutz (2011) and Lutz et al. (2005). Among others it has been used
for economic evaluation of different energy scenarios that have been the basis for the
German energy concept in 2010 (Lindenberger et al., 2010) Applications include an
evaluation of employment impacts of renewable energy promotion (Lehr et al., 2012), socio-
economic impacts of the German energy transition (Lutz et al. 2018, Lehr et al. 2018, Lutz,

Lehr 2016), and impacts of the transition to a green economy (Lutz et al. 2017).

The behavioral equations reflect bounded rationality rather than optimizing behavior of
agents. All parameters are estimated econometrically from time series data (1991 — 2016).
Producer prices are the result of mark-up calculations of firms. Output decisions follow
observable historic developments, including observed inefficiencies rather than optimal
choices. The use of econometrically estimated equations means that agents have only
myopic expectations. They follow routines developed in the past. This implies in contrast to
optimization models that markets will not necessarily be in an optimum and non-market

(energy) policy interventions can have positive economic impacts.

The model is empirically evaluated: The parameters of the structural equations are
econometrically estimated. In the model-specification stage various sets of competing
theoretical hypotheses are empirically tested. As the resulting structure is characterized by
highly nonlinear and interdependent dynamics the economic core of the model has
furthermore been tested in dynamic ex-post simulations. The model is solved by an iterative

procedure year by year.

Structural equations are modeled on the 63 sector level (according to the European 2 digit
NACE classification of economic activities) of the input-output accounting framework of the
official system of national accounts (SNA) and the corresponding macro variables are then

endogenously calculated by explicit aggregation. In that sense the model has a bottom-up
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structure. The input-output part is consistently integrated into the SNA accounts, which fully

reflect the circular flow of generation, distribution, redistribution and use of income.

The core of PANTA RHEI is the economic module, which calculates final demand
(consumption, investment, exports) and intermediate demand (domestic and imported) for
goods, capital stocks, and employment, wages, unit costs and producer as well as consumer
prices in deep disaggregation of 63 industries. The disaggregated system also calculates
taxes on goods and taxes on production. The corresponding equations are integrated into

the balance equations of the input-output system.

Another important outcome of the macro SNA system is net savings and governmental debt
as its stock. Both are important indicators for the evaluation of policies. The demand side of
the labor market is modeled in for 63 industries. Average hourly wages are explained using
Philips curve specifications. The aggregate labor supply is driven by demographic

developments.

The energy module describes the interrelations between economic developments, energy
consumption and related emissions. Economic activity such as gross production of industries
or final consumer demand influence respective energy demand. Vice versa, the expenditures
for energy consumption have a direct influence on economic variables, as they represent

demand and costs.

The energy module contains the full energy balance with primary energy input,
transformation and final energy consumption for 20 energy consumption sectors, 27 fossil
energy carriers and the satellite balance for renewable energy. In total, the balances divide
energy consumption into 30 energy carriers. Prices, also in Euros per energy unit, are
modeled for different energy users such as industry, services and private households for all

energy carriers. The energy module is fully integrated into the economic part of the model.
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Final energy consumption of industries is explained by sector output, the relation of the
aggregate energy price — an average of the different carrier prices weighted with their shares
in the energy consumption of that sector — and the sector price and time trends, which mirror

exogenous technological progress.

For services, the number of employees turned out to be a better proxy for economic activity
than gross output. Average temperatures also play a role for the energy consumption of the
service sector. For private households, consumption by purpose as heating or by fuels is
already calculated in the economic part of the model in monetary terms. Additional
information can be taken from stock models for transport and heating from the specific
modules, as only new investments in cars, houses or appliances, or expensive insulation

measures will gradually change average efficiency parameters over time.

Final demand of each energy carrier for industries can be calculated by definition, multiplying
the share of the carrier with overall final energy demand of the sector. For the shares, the
influence of relative prices, the price of the energy carrier in relation to the weighted price of

all energy inputs of the sector, and of time trends are econometrically tested.

Energy carrier prices depend on exogenous world market prices for coal, oil and gas and
specific other price components such as tax rates and margins. For electricity different cost
components such as the assignment of the feed-in-tariff for electricity are explicitly modeled.
For services, households and transport specific prices are calculated, as for example tax

rates partly differ between end users.

For energy-related carbon emissions, fix carbon emission factors from the German reporting
to the United Nations Framework Convention on Climate Change (UNFCCC) are applied.
Multiplication with final energy demand gives sector and energy carrier specific emissions. All
detailed information in the energy balance for 30 energy carriers is consistently aggregated

and linked to the corresponding four industries of the 1O table.
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4. Envisaged model simulations and outlook

At least four different sets of policies will be implemented in PANTA RHEI additional to the
baseline to measure rebound effects and to show possibilities to reduce the magnitude of the
rebounds by policy design. The different model simulations include for the manufacturing

industries (and maybe also for transport and heating):
1. Autonomous increase in energy efficiency,
2. increase in energy efficiency by investment in more efficient technologies,
3. regulation for more energy-efficient production, and
4. carbon prices to induce more energy-efficient production.

The first simulation follows the literature in section 2 by assuming an autonomous increase in
energy efficiency in some industries. This will reduce energy demand of the respective
industry. Reduced energy costs will lower costs and prices in the industry and in all other
industries, which use the respective product as an intermediate input. Demand for these
products will increase. This will induce higher production, employment and investment in
these industries. These positive impacts will induce further positive and negative
macroeconomic effects such as higher wages, higher consumption, and cost increases in
other industries. The total effects are assumed to be positive. But higher economic activity
and lower energy costs will increase energy demand, i.e. they will induce rebound effects on

a meso- and macroeconomic level.

The second approach builds on the first, but assumes that the energy efficiency improvement
is driven by higher investment in more efficient capital stock. If overall investment remains
constant, impacts should by very similar to simulation 1. Increased overall investment will
have positive short-term effects on demand, while increasing capital costs in the long-term.

The industry will be able to reduce its costs depending on the economic efficiency of the
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investment. Macroeconomic effects depend on various model specifics. Rebound effects on
the macro and meso level are possible due to reduced prices of energy (intensive) products

and increased economic activity.

The third simulation assumes policy regulation for more energy-efficient production. It is
probably less economically efficient than 2. The direction of effects and dependencies should
be close to the second approach or less economically positive. Macro and meso rebounds
are possible due to reduced prices of energy (intensive) products and increased economic

activity.

In the fourth simulation carbon prices will induce more energy efficient production in
industries. This will induce effects as described in approaches 1 to 3., but also lead to overall
increases in carbon and energy prices. Cost will get higher for carbon-intensive industries,
while other industries may profit depending on recycling mechanisms of carbon tax
revenues. Macro and meso rebounds are still possible due to increased economic activity,

but increased prices of energy-/carbon-intensive products will limit them.

According to Lange et al. (2019) there are three central effects at the meso and national
level, which cause rebound effects: The price effect, the macroeconomic multiplier and an
increase in total factor productivity: Lower energy demand due to an increase in energy
efficiency can induce price reductions on energy markets. Lower prices mean from a demand
side perspective lower energy costs for companies and households, which leaves room for
spending on other products. In a supply side view, an increase in energy efficiency will
increase total factor productivity, which allows for higher production and higher energy
consumption. International effects can also take place, either on international energy
markets, when national demand is reduced, or due to higher energy intensive production due
to lower energy prices. It will be difficult to trace the international impacts in a national model,

however.
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The magnitude of these effects will be simulated in the next months. The national
macroeconomic model ensures that indirect and induced effects will be accounted for.
Rebound effects will be traced on the mesoeconomic and the macroeconomic (national) level
according to the classification developed in Lange et al. (2019). Rebound effects are
expected to be highest in case 1) - autonomous energy efficiency improvement, and lowest
in 4) - energy efficiency driven by prices. Different sensitivity analyses and different model
specifications (e.g. regarding consumption functions, investment, international trade) will be
tested concerning their impact on measured rebound effects. Elasticities of substitution for
industry from ex-post estimations (using very detailed cost structure data from German
manufacturing) will be also tested. Finally, it is planned to develop rebound-proof policies

with stakeholders.
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