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Abstract

This paper builds on the results of the study “Maconomic Effects of the Energy Transition” in
Germany conducted by Prognos/EWI/GWS for the GerRederal Ministry for Economic Affairs
and Energy. The goal was to analyze the effectbefGerman energy transition on the economy,

energy system and emissions.

Two scenarios have been defined. The Counter-Hasxtaaario describes the development without
the energy transition and is based on the assungptibthe reference scenario given in the “Energy
Scenarios 2010". The Energy Transition scenarilects historical developments up to 2013 and
the expected development up to 2020 is based orEtleegy Reference Forecast. The main
differences between the two scenarios are the sigraof renewable energy in gross electricity

production and the improvements in energy efficgenc

The model PANTA RHEI shows the interrelations betwehe economy, energy system and
environment. The economic core of the model comgétinput-output tables, system of national
accounts and the labor market. The economic moduéxtended by an environmental module.

That includes i. a. energy balances and energggqrigoth modules are linked in a consistent way.

The Counter-Factual and Energy Transition scenlaaive been implemented in the model. The
results show that the investments in renewableggremd energy efficiency have a positive effect
on GDP and employment. EEG surcharge leads todseckelectricity prices for most consumer
groups except the electricity-intensive industriés. a consequence the price index rises. In
combination with decreasing investments in thetgtgty market from 2013 onwards, employment

and GDP effects become lower over time.

Keywords: renewable energy, energy efficiency, macroeconampacts, input-output model

JEL classification: C54 - Quantitative Policy Modeling, C67 - Inputdput Models, Q43 - Energy

and the Macroeconomy



1 Introduction

Germany is heading towards a secure, economicélylesr and sustainable energy supply. The
energy transition (“Energiewende”) — as definecehestarts with the energy concept in 2010 and
the energy policy decisions in summer 2011. Ambgigoals are the deployment of renewable
energy and further development of energy efficieidy to 2050, the share of renewable energy
should increase at least to 80 % of gross elewtrstipply and primary energy consumption should
halve compared to 2008. Both measures supporethetion in CQemissions of at least -80 % to

-95 % in 2050 compared to 1990. Sub-ordinate targes set accordingly.

The German federal government has introduced atorarg process to observe the progress
related to the targets of the energy transitiortinaously (BMWI, BMU 2012). The monitoring

process gives an overview about past, current agef developments. For a contemporary,
compressed and annual evaluation, the indicatodysirais used. Every three years, a
comprehensive analysis of actual and possibleduderelopments in the energy transition process

is carried out and published in the progress report

This paper builds on the study "Macroeconomic effeaf the energy transition" conducted by
GWS, EWI, Prognos (2014) for the German Federalidttin for Economic Affairs and Energy,

which contributes to the aforementioned progrepernte

In the second section of this paper, two methodsfanitoring the energy transition are presented.
In section 3.1 the macro-econometric input-outpatieh PANTA RHEI for Germany is described
and its key features and structure are briefly@&reld. Section 3.2 is about primary impulses of the
energy transition and different secondary effeat$ feedbacks, which have to be accounted for in
economic models. In section 3.3, the Counter-Factuadl Energy Transition scenario are

described. Next, macroeconomic results are shoagti@ 4). In section 5 conclusions are given.



2 Methodologies

There are two main methods for monitoring the epet@nsition: indicator analysis and

macroeconomic model analysis.

Indicator analysis is used to compare quantifiable target values wWistorical developments.

Suitable indicators have to be quantifiable, corabk, valid, reproducible and continuously
updatable. The three energy policy targets areremviental sustainability, energy security and
economic effectiveness. Some indicators are explasigets of the energy transition such as
greenhouse gas (GHG) emissions and primary enepggumption. Other indicators can be
allocated to one of the dimensions. The dimensidrike target “environmental sustainability” are
derived from the anthropogenic influence on naterrg. emissions and resource consumption.
Dimensions of “energy security” are for exampleorese availability and price stability. Cost-

effectiveness and the degree of competition arenémons of the target “economic effectiveness”.

Figure 1 shows the three energy policy targetsaandlection of dimensions and indicators based
on Flues et al. (2012).
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Figure 1: Energy policy targets, dimensions and inidators based on Flues et al. (2012)

Source: GWS, EWI, Prognos 2014

The monitoring report (BMWi, BMU 2012) in particulashows energy indicators and some
economic indicators. Other indicator systems foonsenergy efficiency indicators at a sectoral
level (Graichen et al. 2011). The ODEX indicatod @&he “Energiewende-Index” from Mc Kinsey
and Company are aggregated indicators. They shewdyhamics in energy consumption for the
whole economy caused by socioeconomic drivers s@aghpopulation and economic growth

(www.odyssee-indicators.grgsww.mckinsey.de/energiewendeindlex

Advantages of indicators are that they are availabl short term and provide an informative
overview. One disadvantage is "that they cannaidesl to fully assess the energy transition in its
entirety. Explanations and causal relationships sfpecific developments cannot be illustrated”
(GWS, EWI, Prognos 2014).

In contrast, themacroeconomic model analysis is appropriate to illustrate causal relations and
feedbacks between the energy system and the ecopnon® macro and industry level. In a
macroeconomic analysis the procedure is as follofisstly, different assumptions about
technology and/or measures (scenario design) deeteé and calculated with technology- or
process-oriented (bottom up) models. Secondlyrekalts of these models are implemented in a



macroeconomic (top down) model. Afterwards, nee&f on GDP, employment and prices are

derived ex post and/or ex ante (Figure 2).
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Figure 2:  Schematic of a macroeconomic model analgs

Source: GWS, EWI, Prognos 2014

Macroeconomic model analysis is used in many natistudies related to energy issues
(Blazejczak et al. 2013, Wiegert, Hounsell 2013pdAps, EWI, GWS 2010, Kronenberg,
Kuckshinrichs, Hansen 2012). Differences in resdtsm from different assumptions about
measures (single measures vs. package of meagumas)nission channels (partial analysis vs. full
macroeconomic model incl. rebound effects) andiagrgbservation periods (short-term vs. long-

term).

One key feature of macroeconomic model analysishés comparison of different scenarios.
Therefore, the chosen reference scenario is ofiapeoportance. Comparing a scenario with
additional measures to a very ambitious developnierthe reference scenario shows smaller
effects than comparing it to a less powerful depelent. Lehr, Lutz, Ulrich (2014) have

summarized the categories of classification.



3 Macroeconomic model analysis

3.1 The German model PANTA RHEI

PANTA RHEI is classified as a macro-econometricuirputput model for Germany (Eurostat
2008). The economic model part of PANTA RHEI isesded by an energy and environmental

module and therefore it can be classified as a(EEBnomy-Energy-Environment) model as well.

Furthermore, PANTA RHEI is a macroeconomic modeit trepresents the complete economic
circle (from production to consumption) and the remoic agents (e.g. household, firms and
government) involved. Additionally, the model inporates the economic activities and products
(from agriculture to services) in detail as staitedhe input-output-tables (Figure 3). A detailed
description of the economic core is given in Ahkdral. (2009) and Maier et al. (2015). The other
modules are presented in Lutz (2011) and Lehr. 2@l 1).

Among others it has been used for economic evaluadf different energy scenarios that have
been the basis for the German energy concept i@ @dddenberger et al. 2010, Nagl et al. 2011).
Applications include an evaluation of green ICT (i&es, Lutz 2012) and employment impacts of
renewable energy promotion (Lehr et al. 2008, 20AZ)imilar model with the same structure for
Austria (Stocker et al. 2011) has been appliech&o dase of sustainable energy deployment in
Austria until 2020, and economic evaluation of e@improtection measures in Germany (Lutz et al.
2014). In a recent IEA (2014, p. 57) overview, thedel is classified as “input-output”, but it is
rather “econometric” plus “input-output”, as pardere are econometrically estimated and input-
output structures are flexible (West 1995). TheraNeapproach is based on the INFORUM
philosophy (Almon 1991).

The model parts are linked consistently (FigureT8)e relations are modeled by identities as well
as behavioral equations. The application of ecomdcnenethods facilitates an empirically

validated parameterization of model variables kegtvily relies on agents’ past behavior.
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Figure 3: PANTA RHEI at a glance

PANTA RHEI is used to perform scenario analysisthie project “Macroeconomic effects of the

Energy transition”, a Counter-Factual and an Enéfmnsition scenario are defined. The main
differences between both scenarios are the exparddiaenewable energy in gross electricity

production and the improvements in energy efficjefor more detail see section 3.3). These
impulses are implemented into PANTA RHEI to caltellmacroeconomic effects. The results are
given as absolute and relative differences comptresl Counter-Factual scenario for a selected
year. The differences can be interpreted as respottsthe exogenous inputs including direct,

indirect and induced effects.

3.2 Impulsesof the energy transition

The cause-and-effect relationships are describedhbyinvestments in energy efficiency and
expansion of renewable energies in the electricirket. The macroeconomic effects of both
measures are different, because responses to putses differ in their magnitude and direction.
Economic effects of energy efficiency improvemeatsl expansion of renewable energies are
discussed in many studies (e. g. IEA 2014, Ryamleell 2012, Blazejczak, Edler, Schill 2014,
Prognos, EWI, GWS 2014, Frondel et al. 2009, Oigal et al. 2014). In GWS, EWI, Prognos

(2014) the following explanations are given:



Energy efficiency investments have a direct eff on demand sideThis impulse stimulate
production in manufacturingnd supyier industries. Employment can Ipesitively affected ir

particular in labolintensive industrie.

The positive demand effect can be dampened b'so-called crowdingput effec, meaning that
the energy efficiency investments are (or only a partadditional but replace other investmel
This results in a lowemacroeconomic impact. A similar eft may occur if private househol

have tomodernize their residential buildis from savings which in turn may have a nege

impact on consumption.

Furthermore, investments have to be | Increased capital ctsslead to higher depreciatiol

therefore to higher costs aresult inhigher sales prices or lower profits for the comp

Energy efficiency investments save en. Consumers profit from lower enerrelated
expenditures and can spetie money foinon-energy goodsAdditionally, the trade bance can
be improved due to reducediergy importsEnergy producerare negatively affected by reduc

sales quantities.

The macroeconomic effect depends on the balanegebatcosts from investments and ben:

from energy savings. This effect varieser time.

Figure 4shows the mechanism for investmen energyefficiency in the industrial sectc
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Figure 4: Macroeconomic effects of energy efficiency measurésthe industrial sector
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Source: GWS, EWI, Prognos 2014



In the short term, the macroeconomic effects ofekmansion of renewable energy are derived

from changes in investments. Investments in renmabergy technologies (RET) are increased
while investments in conventional power plants seduced. These effects are determined by
electricity prices in the long term. Investment&RET are supported by a guaranteed feed-in tariff
scheme for a period of 20 years (Renewable Eneogyc8s Act, EEG 2000). The EEG surcharge
has to be paid by electricity consumers (e. g. éloolsls, commerce) but not by energy-intensive

industries. As a result, electricity prices inceeas

An opposing trend is triggered by decreasing sput @wholesale electricity prices which only

affect a few consumers.

The investment in RET stimulates production andleyment in manufacturing industries such as
machinery, electrical apparatus, construction asthllation services. If goods are manufactured in
Germany, value-chain und income effects are highehr et al. 2012). Imported intermediate

goods have a negative impact on GDP. Sign and magnof macroeconomic impacts of energy
efficiency depend among others on the specificgtesf measures, but there is growing evidence,

that their effects are positive, if accordingly idesd (IEA 2014).

Figure 5 shows the mechanism for investments imesipn of renewable energy.
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Figure 5: Macroeconomic effects of renewable energyeployment

Source: GWS, EWI, Prognos 2014

3.3 Scenario definition

For the study, two different scenarios have beeinei@ The Counter-Factual (CF) scenario
follows the development without the energy transitand is based on the assumptions of the
reference scenario given in the “Energy Scenar@d€2 The Energy Transition (ET) scenario is
based on historical developments up to 2013 (ex{pesod) whereas the expected development
up to 2020 (ex ante period) builds on the EnerdgigfRRace Forecast (Prognos, EWI, GWS 2014).

The main differences between the Counter-Factual Bnergy Transition scenario are the

expansion of renewable energy in gross electripityduction and the improvements in energy
efficiency. All other exogenous variables (e. gpplation) and model relations are the same for
both scenarios.

The exogenous impulses are given as differencepa@d to the CF scenario for every single year
(Figure 6). After calculating the macroeconomiceets with the model PANTA RHEI, results are

shown as differences as well.

10
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Figure 6: Comparing scenario:

The stimuli for the macroeconomic model are derivedrrthe output oftechnically-oriented
bottom-up modelsinputs for deployment of renewable energies amesalt of theEWI electricity
market model The energy demand by sectorstaken from thePrognos mode that are used to

calculate energy consumption based on energy &fifigimeasures and socioeconomic paran.
Electricity Market

Figure &hows the differences in investme in the electricity markebetween the ET and C
scenario. Ex postin particular from 2010 to 20-the expansion of renewable energies domir
investments in the electricity market. At leasttibEUR were investeddditionally in RE". PV
systems have the highest shéaeound 8 %) of all additionally installed capacities followeg

wind power onshore (around %b).
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Figure 7: Differences in investments in the electricitymarket in the Energy Transition
scenario compared to the Counte-Factual scenario, 20102020, in billion EUR

Source: GWS, EWI, Prognos 2014

Ex ante (20142020) additional investment:n RET are lower than inthe ex post perioc
Nevertheless, the installedapacity of total RE is still increasing. Only the expansion
installations of offshore wing less dynamic in the ET scenario compared tcCthescenariolt is
assumed that offshomind installationswill reach an installed capacity ofG®W. In theenergy

concept 201Qhis development was more optimis

Differences in investments in fossil fuel powerm$aare calculated with the electricity mar
model from EWI, whichoptimizes the development of electricity generatapacitie including
conventional and renewable energy technolc (Richter 2011). Due to thiast development ¢
RET, disinvestments in fossil fuel power plants occunir2017 onwarc compared to the C

scenario (Figure 7).

Investments in RET have ampac on electricity pricesOn the one hand, the EEG surcharg
increasing because of rising RET installations armgliaranteed fe-in tariff for 20 years. in the
other handspot/wholesale prices decl due to the meribrder effect. The electrici-intensive
industry can profit from the lower wholesale priged the exemption from the EEG surcha
Other electricity consumer grou(residential, commerce, n@nergy intensive industriehave to

pay the EEG surcharge.

12



Energy demand

The energy demand in the CF scenario is taken franreference case of the Energy scenarios
2010without the energy transition (Prognos, EWI, &®010). Primary energy consumption and

final energy consumption are slightly decreasingrdkie whole period.

In the ET ex-post scenario, energy demand moddigsed on historical data (population, value
added etc.).The resulting energy demand was ctdibraccording to the results of the historical
energy balances. In the ex-ante period, energy denby sectors follows the current Energy

Reference Forecast that presents the most prohdabte development.

Compared to the CF scenario, primary and finalggneonsumption are lower. At the beginning of
the simulation period, differences between botmades are not that high. The use of energy
sources differs, though. In the ET scenario, mergewables, but less fossil fuels are used for

primary and final energy consumption.

Ex-ante differences in energy demand are highemeaoed to the CT scenario due to additional
energy efficiency measures. In particular in theidential and commercial sectors, more
investments are done (Figure 8). An average of EWR is being invested in modernizing
residential buildings, of which from 2014 onwardspeoximately 2 bn EUR in the commercial

sector.

Promoting schemes, energy prices, legal legislatimh autonomous technological progress drives

the development of energy efficiency.

Figure 8 shows the differences in energy efficiemegstments by sectors.

13
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Figure 8: Differences in investments in the demand sectors dhe Energy Transition
scenariocompared to the Counte-Factual scenario, 20102020, in billion EUR

Source: GWS, EWI, Prognos 2014

The differences between both scenarios regardargeXample, electricity prices and investme
in energy efficiencyand in the electricity sectare putinto the macroeconomic model PAN
RHEI and impacts on the maeegonomy are calculated.
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4 Macroeconomic impact:

Two phases can hdentified comparing the ET and the CF scer. In the firstphase from 2010-
2012, investments in RET dominate and hipositive effects on GDRup to +0.t% resp.
+14.7 bn EUR)ENd employmel (up to +0.3 % resp. +109,000 persoris)the second phé (from
2015 onwards)macroeconomic effects are primarily driver investments irenergy efficienc as
well as higher electricity prican the ET scenar (Figure 9).
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Figure 9: Deviations of GDP (price-adjusted), employment and the cost of living indexn
the ET Scenario from those in the CF scenario, 20—2020, in %

Source: GWS, EWI, Prognos 2014

Additional investments in energy efficiency measi— especially in the building sect— support
the construction sectand supplier industries. Positioverall empbyment effects can be s¢, but
they differ on theindustry level (Figure 10).In particular in the mining and energy sec
employment is lower compared to the CF scenariabbolute terms trdecrease of 1 % is equal

to 5,000 employee The employment in the c¢struction sector increases up to 000 (+2.9 %).
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Figure 10: Differences inemployment of the Energy Transition scenario compared to th
Counter-Factual scenario, 201-2020, in 1,000

Source: GWS, EWI, Prognos 2014

The price indexof the cost of livini is significantly affected by higheglectricity price. The
production prices are also higher in the ET scertian in the CF scenariOnly energ-intensive
industries may benefit fronower wholesale electricity price and thexemptions from EE(
surcharge. Thereforeffects on the international competitiveness ofn@&er companies and
their exports are extremely lowgblel).

With increasing prices, rising wages and decreasimgstment dynamics the employment effe

become smaller over time.
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Table 1: Differences between selected macroeconommriables in the ET scenario and the
CF scenario, 2010-2020, in absolute terms

2010 2011 2012 2013|2014 2015 2016 2017 2018 2019 2020
Ex post Ex ante

Components of price-adjusted GDP (differences in billion EUR)
Gross domestic product 10.7 147 109 40f 30 27 30 18 11 18 27
Private consumption 00 27 19 04| 12 -20 -25 -34 -44 -51 53
Government consumption 00 -03 -01 o00f 01 -01 -01 -01 -01 00 00
Machinery and equipment 95 101 68 18/ 07 06 03 -08 -12 -05 02
Construction 45 62 56 28| 37 39 47 44 44 48 51
Exports o4 01 -05 09| -10 -10 -10 -09 -08 -06 -02
Imports 32 35 23 -05] -7 -21 -24 -33 -40 -41 -36
Government budget in current prices (differences in billion EUR)
Net borrowing/net lending | o7 38 03 03 03 07 11 05 05 09 13
Price indices (differences in percentage points)
Cost of living 0.00 001 0.16 0.29| 0.35 0.38 0.38 0.39 0.39 040 0.29
Production 0.01 0.05 0.23 0.34| 0.39 040 039 038 036 0.34 0.23
Imports -0.03 -0.11 -0.10 -0.06|-0.09 -0.10 -0.12 -0.15 -0.18 -0.21 -0.27
Labor market (differences in 1.000)
Employment 85.1 108.8 619 21.6| 136 95 152 55 35 98 222
Unemployed persons -544 -658 -36.8 -120| -70 -45 -80 -20 -08 -47 -123
Source: GWS, EWI, Prognos 2014

In the second phase, private consumption decreagapared to the CF scenario because private
consumption expenditures are displaced by expewdgitfior the modernization of residential
buildings. These expenditures are classified afdibgi investments in the system of national

accounts (Table 1).

Higher energy efficiency and ambitious renewablergy expansion lead to decreasing demand for
fossil fuel imports. This results in a decline @&43°J and corresponds to about 3 bn EUR in

avoided import costs by 2020.

In both phases, GDP and employment are absolutghehin the ET scenario than in the CF
scenario. Even the price level remains higher mxaf the higher EEG surcharge in the ET

scenario.

17



5 Conclusions

The macroeconomic effects of the energy transitienit is defined here, are positive. The results
show that the investments in renewable energy aathg efficiency have a positive effect on GDP
and employment, especially ex-post between 201®2848. The growing EEG surcharge leads to
increased electricity prices for most consumer gsoexcept the electricity-intensive industries. As
a consequence, the price index rises. In combimatith decreasing investments in the electricity

market from 2013 onwards, employment and GDP effeetome lower over time.

The energy transition is defined narrowly transigtinto rather small macroeconomic impulses. A
less comprehensive definition of the CT scenaria orore ambitious definition of the ET scenario

may have bigger impacts on the macro-economy dsaw@n the energy system and emissions.

The net effects of the Energy Transition scenarammgared to a scenario wherein the
corresponding steps have not been implementedyibesthie balance of positive and negative
effects involving all the feedback effects. Theg by definition substantially smaller than the so-
called gross effects. In all, the macroeconomiea$ of energy transition, as it is defined here, a
small. The controversial public discussion and tbgulatory burden indicate more significant

effects.

In the field of energy efficiency, measures attréinle to energy transition are truly worthwhile
when considering the corresponding payback peddise different investors groups even from a
microeconomic perspective. It is necessary to riisiish a direct demand impulse for the
implementation of the measure itself, long termaficing costs that partly crowd out other
spending, and energy savings derived from the implgation of the measure during the financing

period, which lastingly release capital for othepenses.

Much more controversial is the discussion on theroeconomic effects of the promotion of new
technologies such as renewable energies in eliggtoicheating market or the promotion of electro
mobility. The analysis shows that the significarpa&nsion of renewable energies, especially the
photovoltaic, in the short term led to an incregsiiemand and employment from 2010 to 2013.
The costs allocated via EEG apportionment to thenitya of electricity consumers that lead to the
increase of electricity prices have negative effeffbom the macroeconomic perspective in
subsequent years. Policy responded to this with BE@&ndment. If the EEG apportionment will
only experience a slight increase in future, thenmaconomic effects of the foreseeable additional
expansion of renewable energies will be limitedilu2®20. Exemptions for electricity-intensive

enterprises are an important reason for this.
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From the microeconomic point of view, the discrepametween the winners and losers of
renewables expansion is more significant. Fronréisedential customer's perspective, distribution
effects are due to an increase of electricity grid®@n the other hand, revenues derived from
remunerations among other things accrued to privatee owners are substantially high. From the
perspective of electricity consumers who buy at skeck exchange, prices have substantially

dropped over the past years.

The future development of external trade with epamnsition goods depends upon several
variables. To determine the opportunities that Wwél available for German companies in these
sectors in the future, the renewable energy expareand energy transition related costs should be

compared in an overall view.

Determining the macroeconomic effects of the energgsition, which was introduced in 2010,
can only build on a limited range of data up to n@m the one hand, there is a general delay of
structural data of the economic statistics. A widlege of data is available only till 2011. Specific
information on renewable energies and energy efiy is not always available in official
statistical classifications and partly has to biéected in research projects using different meshod
Generally, the development from 2010 to 2013 hayetobeen sufficiently recorded by the official
statistics. For a sustainable monitoring of endrggsition, more specific data need to be collected
associated and published in the future, among stloebetter identify the related macroeconomic

effects.

What needs to be significantly improved in genégdhe adequate identification and recording of

macroeconomic effects related to the various thigtion effects of energy transition.
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