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Energy efficiency and renewable energy sources are the two main pillars of the future energy system the German government aims at with its long-term energy concept. The paper reports the economic impacts of the two pillars based on two recently finished studies. The economy-energy-environment model PANTA RHEI has been used in both. PANTA RHEI is an environmentally extended version of the econometric simulation and forecasting model INFORGE, which includes a time series of input-output tables for Germany. Among others it has been applied for economic evaluation of different energy scenarios that have been the basis for the German energy concept in 2010.
Results show both for energy efficiency and for renewables positive economic impacts concerning GDP and employment. Additional investment increases demand in the short-run and reduces energy costs in the long-term. On regional level, efficiency and renewables measures create additional value added and employment. The paper shows the overall effects under different assumptions for fossil fuel prices, domestic installations and international trade. The development of world markets and German exports are very important. Globally, countries will change their energy system. The necessary substitution from fossil fuels to energy saving and renewable investment favours the structure of the German economy and opens excellent export opportunities for German industries. The paper also discusses some methodological aspects and differences of measuring economic impacts of energy efficiency and renewable energy.
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1. Introduction and background

Energy efficiency measures and the promotion of renewable energy sources are two of the main pillars of the German and EU energy concept. The German government decided in autumn 2010 on its new energy concept (BMU, BMWi 2010). Key components have been 8 to 14 years lifetime expansion for nuclear power plants and the need for further measures to foster renewable energy and energy efficiency. On the demand side, insulation of buildings is the most important of a number of measures. For the electricity sector, the continued expansion of partly fluctuating renewable energy sources, such as wind and photovoltaic generation, calls for new market design. Feed-in-tariffs for renewable energy sources will remain at least until 2020, but have to be adjusted to enforce the market entry of renewables.

The central targets of the new energy concept are to reduce greenhouse gas emissions by 40% by 2020, 55% by 2030, 70% by 2040 and 80-95% by 2050 (compared with 1990 levels). By 2020, the share of renewables in final energy consumption is to reach 18%, and then gradually increase further to 30% by 2030 and 60% by 2050. The share in electricity production is to reach 80% by 2050. Concerning energy efficiency, the new energy concept aims to reduce primary energy consumption by 20% by 2020 and 50% by 2050 compared to 2008. The building renovation rate is to be doubled from currently 1% to 2%. It is planned to cut energy consumption in the transport sector by around 10% by 2020 and around 40% by 2050 (BMU, BMWi 2010).

In the light of the nuclear disaster in Japan in March 2011, the German government defined higher security standards for nuclear power plants. As eight older reactors could not be retrofitted to meet these higher standards, they have been shut down in the spring of 2011. The remaining nine reactors will be closed step by step until 2022. Additional measures for renewable generation and energy efficiency will have to fill the gap. But the changes made in 2011 are marginal in the long-term and overall economic perspective of the new German energy concept. The major decisions have been made in 2010. 

Europe has committed itself to a 20% reduction of total primary energy supply (TPES) by 2020 compared to a business-as-usual development (COM(2008) 772). This efficiency target is part of a comprehensive energy concept (COM(2008) 30). In January 2008 the commission passed a note to the EU parliament with the title „20, 20 and 20 by 2020”, which includes the commitment for a reduction of GHG to 20% below the 1990 level and a 20% share of renewable energy in total energy consumption by 2020. These targets are intertwined, since the share of renewable energy depends on the denominator and the reduction of GHG is strongly dependent on energy consumption. Therefore, energy efficiency is a key to reach these goals as has been pointed out by the Communication by the Commission to the European Parliament “Energy 2020” (COM 2010). While the political agenda seems set, the effectiveness of policy incentives for efficiency measures is still well disputed.

Energy efficiency plays a very important role in the development and potential reduction of final energy use. Taylor et al. (2010) show the historic development in IEA countries. For the future, the IEA (Jollands et al. 2010) recommends energy efficiency policies in 25 fields as part of the G8 Gleneagles Plan of Action, which could make a very significant contribution to energy savings and global carbon emission reductions. The authors highlight key barriers that prevent the implementation of economic, i.e. cost-effective measures and necessary conditions to fully exploit them. The barriers to exploit these potentials have been traced back to lack of information, lack of financing instruments, transactions costs, low priority of energy issues, incomplete markets for energy efficiency and others. National studies show positive economy-wide effects of energy efficiency measures (see e.g. Wei et al. 2010 for the US and Kuckshinrichs et al. 2010 for Germany).

In the literature, several attempts have been made to estimate the potential for energy saving. The IPCC (Intergovernmental Panel on Climate Change, 2001) found that cost-effective energy efficiency, i.e. efficiency measures with pay-back periods smaller or equal to the lifetime of the equipment could half the GHG emissions by 2020. A wide range of technologies and options has been identified: for instance the general use of fluorescent lamps could save approximately 2 880PJ and 470 MtCO2 emissions in 2010. For heating and cooling of buildings, the potential cost-effective savings are estimated at 20EJ per year by 2030. The IEA (2011) frequently highlights the importance of energy efficiency improvements to reach the 2°C target.
However, the economy-wide perspective of energy efficiency measures is still an open question (Guerra and Sancho 2010). Could the so-called rebound effect work partly or fully against the energy savings? Computable general equilibrium (CGE) modeling experiments have been undertaken for several countries such as Sweden, China, Kenya, Sudan, Scotland, UK and Japan. Rather recent findings for Scotland are presented by Hanley et al. (2009), who apply a CGE model and find high rebound effects growing into backfire. Guerra and Sancho (2010) propose an unbiased measure for the economy-wide rebound effect combining input-output analysis and CGE modeling. Barker et al. (2007) present results for UK. They use a times-series econometric model and find moderate rebound effects. Our findings show similar effects for the German case study using a very similar modeling approach.

The positive impacts of an increasing share of renewable energy (RE) on the mitigation of climate change as well as on reduced energy import dependency are indisputable. However, such are currently still the additional costs of heat and electricity generation from most renewable energy sources (RES). Additional investment in RES will obviously induce economic activity and employment. Recent studies often focus on these gross employment impacts. They show the importance of the RE industries concerning employment and other economic factors. Wei et al. (2010) apply a spreadsheet-based model for the US that synthesizes data from 15 job studies. Cetin and Egrican (2011) find positive job impacts of solar energy in Turkey. They build their analysis on international literature, which is also positive about job impacts. Situational analyses, such as Delphi (2007), account for the past development of employment in the renewable energy sector. The annual publication of the renewable energy status report (REN 21, 2011) or the annual update by O’Sullivan et al. (2010, 2011) fall under this category. 

Another type of papers applies econometric methods to analyze the past relation between the RE industry or the use of RES and economic development. A cross-country econometric study by Apergis and Payne (2010) reveals a possible correlation between RES investment and economic growth for a panel of OECD countries for the years 1985 to 2005. Fang (2011) also reports a positive correlation between RES and GDP growth for China in the period 1978 to 2008 based on econometric analysis. Mathiesen et al. (2011) analyze a long-term shift of the Danish energy system towards RES and find a positive impact on economic growth.

Frondel et al. (2010) however doubt positive employment impacts of RES increase driven by the German feed-in-tariff in the long run. They argue that higher cost for RES will be “counterproductive to net job creation”. They highlight the importance of international market developments. Especially for photovoltaic (PV), they conclude that due to high import shares the net employment impact of German PV promotion will be negative. They build on earlier studies such as Hillebrand et al. (2006), who concluded that RES promotion will have positive net employment impacts in the short run due to RES installations, which will turn negative in the long run due to the long-term costs of the feed-in tariff, which guarantees fixed tariffs for 20 years.

Studies on the net employment impacts of the promotion of RES take also negative impacts into account. The comprehensive EMLPOY-RES study (ISI et al., 2009) for the EU Commission applies two complex models, ASTRA and NEMESIS, for calculating the net impacts. Though showing some differences in detail, both models report positive GDP and employment net effects of advanced RES deployment of the EU in comparison to a no policy reference scenario. These net impacts are significantly smaller than the gross impacts. 
A study for Germany based on the econometric model SEEEM suggests overall positive net economic and employment effects of the expansion of RES in Germany (Blazejczak et al. 2011). The German feed-in tariff under the regime of which the share of RES in electricity consumption increased from below 5% in 1998 to 20% in 2011 will still play a major role in this development, but it is intended to make the future expansion of renewables more cost-efficient. The further integration of more and more RES is challenging, as the electricity market design has to be adapted to cope with the growing share of fluctuating RES and to give the right price signals for non-fuel based electricity generation. 

Therefore, the overall balance of positive and negative effects under different possible future development pathways of fossil fuel prices, global climate policies and global trade is of interest. To account for all effects in a consistent framework, the econometric input-output model PANTA RHEI is employed. Economic impact of RES expansion and energy efficiency is measured via the comparison of economic indicators such as GDP and employment from different simulation runs. Overall net positive effects can be seen for instance as higher employment in one simulation run compared with the other. The model consistently links energy balance data to economic development on sector level. It is enlarged by detailed data on 10 RES technologies based on comprehensive survey data. Based on bottom-up economic energy efficiency measures have been identified. They are included in the model in the ambitious efficiency scenario. 
The paper presents recent results of economy-wide impact of energy efficiency and renewable energy measures in Germany, which both build on the economy-energy-environment model PANTA RHEI. This contribution is organized as follows: The model is introduced in section 2. Results for energy efficiency scenarios are presented in section 3, while section 4 reports results for renewable energy. In Section 5 results are discussed and some conclusions drawn. It also includes some methodological aspects and differences of measuring economic impacts of energy efficiency and renewable energy.
2. Model PANTA RHEI
The economy-energy-environment model PANTA RHEI is at the core of our methodological approach. PANTA RHEI (Lutz et al., 2005, Lehr et al., 2008, Meyer et al., 2012) is an environmentally extended version of the econometric simulation and forecasting model INFORGE (Ahlert et al., 2009, Meyer et al., 2007). A detailed description of the economic part of the model is presented in Maier et al. (2012). For a description of the whole model see Lutz (2012).  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, Nagl et al., 2011). Recent applications include an evaluation of green ICT (Welfens, Lutz 2012), and employment impacts of renewable energy promotion (Lehr et al., 2012). A similar model with the same structure for Austria (Stocker et al., 2011) has recently been applied to the case of sustainable energy development in Austria until 2020. The paper gives very detailed insight into the model philosophy and structure. 

The behavioral equations reflect bounded rationality rather than optimizing behavior of agents. All parameters are estimated econometrically from time series data (1991 – 2008). 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.

Structural equations are usually modeled on the 59 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 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 59 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.

Value added of the different branches is aggregated and gives the base for the SNA that calculates distribution and redistribution of income, use of disposable income, capital account and financial account for financial enterprises, non financial enterprises, private households, the government and the rest of the world. Macro variables like disposable income of private households and disposable income of the government as well as demographic variables represent important determinants of sectoral final demand for goods. 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 deep sectoral disaggregation. Wages per head are explained using Philips curve specifications. The aggregate labor supply is driven by demographic developments.

The model is empirically evaluated: The parameters of the structural equations are econometrically estimated. On the time consuming 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.

The energy module captures the dependence between economic development, energy input and CO2 emissions. It 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 (AGEB, 2011). The energy module is fully integrated into the economic part of the model.

To fully assess the impacts from the production and operation and maintenance of renewable energy systems, input-output structures for the renewable energy sectors have been developed and integrated in the modeling framework (Lehr et al., 2008; 2012). To account for the variety of technologies involved in RES use the newly created sector is build up in a bottom up process based on 10 subsectors each of which represents a defined RES technology. 

To examine the economic effects of increasing shares of renewable energy in Germany our analysis applies PANTA RHEI to a set of scenarios and compares the resulting economic outcomes. The reference scenario is taken from the energy scenarios for the German energy concept (Prognos, EWI, GWS 2010), which also made use of the PANTA RHEI model.
3. Energy efficiency in Germany 

The case study analyses the impact of additional efficiency measures on the German economy. For this purpose, a set of efficiency measures and their additional costs have been identified. They are compared to a reference scenario (Lindenberger el al. 2010), which also assumes substantial energy efficiency increase (see Figure 1). The ambitious efficiency scenario includes a set of 43 additional measures accounting for about 12% of final energy consumption in 2030; i.e. measures not included in the reference that are cost-effective. These measures consist of a combination of attainable energy reduction and the necessary investment in more efficiency (for a similar approach see Sorrell 2009 and Jollands et al. 2010). 
In the following we focus on economic efficiency potentials, i.e. no-regret measures, which are cost-effective over the lifespan of the equipment. This definition includes the necessary investment for fuel efficient technologies, new motors etc. The ambitious efficiency scenario is constructed bottom up for households, trade and services, industry and transport (see Ifeu et al. 2011 for technical details). 

Additional investment of 301 billion Euro until 2030 is necessary to tap the outlined potentials. The largest part of this sum will be necessary for insulation and other improvements of buildings as well as other energy savings in the household and transport sector (120 billion Euro each). Again, households contribute to this potential, but more than 50% of new vehicles, and especially the expensive ones, are bought as company car or official car. 
To evaluate the impacts of political instruments or of certain measures, the results of the reference scenario are compared to the results of the ambitious efficiency scenario including additional efficiency measures. Effects on prices and quantities are taken into account. Here the additional measures consist of all cost-effective measures described in Ifeu et al. (2011). The ambitious efficiency scenario is characterized by investment in improved efficiency and savings on the energy bill. The additional spending enters the model as investment in equipment and buildings as well as consumption expenditures. Depreciation, annual interest payments and savings reductions to finance the investment are fully included in the model. Due to the cost-efficiency of measures, additional expenditure and investment will not crowd out other investments or consumption. Energy savings and the decrease in energy costs are fully accounted for in the model.
Figure 1: 
Final energy demand in different scenarios

[image: image1.emf]4000

5000

6000

7000

8000

9000

10000

1990 2000 2010 2020 2030 2040

Final energy demand (PJ/a)

No efficiency improvement

Additional attractive savingspotential

Scenario 

"Frozen Efficiency"

Reference

Scenario

"Ambitious Efficiency"


Own calculations. 

Table 1:
Additional investment compared to reference scenario 
	
	Investment until 2030 in billion Euro

	Total
	301

	Private households
	120

	Tertiary sector
	54

	Industry
	8

	Transport
	120

	Ifeu et al. (2011, p. 22). 


The sum of the economy-wide net effects is positive. Gross production, GDP and its components consumption, investment and trade are higher in the efficiency scenario due to the efficiency measures over the whole simulation period up to 2030. Obviously, higher production does not directly translate into higher value added, because it is partly imported and also increases imported inputs according to the German trade structure. A large share of the additional GDP (22.8 bill. Euro in 2030) stems from private consumption (16.2 bill. Euro). Overall imports are 3.8 bill. Euro higher than in the reference in 2030, although energy imports are reduced significantly. The direct effect comes from consumption of durable energy efficient goods, but there is a large indirect effect from additional consumption due to energy savings. The reallocation from energy expenditure to other consumption expenditures leads to more employment. Employment rises significantly in the construction sector and in industry, adding to the consumption effect. 
Figure 2:
Additional investment (annual) and energy costs for the reference and the efficiency scenario 
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Figure 1 shows the differences in final energy demand between the scenarios. The reduction of final energy demand in the ambitious efficiency scenario yields considerable CO2 reductions (-15% against the reference in 2030). Additional employment in the ambitious efficiency scenario reaches 127.000 in 2030. The positive employment effects are the results of different impacts:

· Additional investment yields additional production and therefore additional employment,
· Energy is replaced by capital,
· Imports (e.g. crude oil, gas) are replaced by domestic value added,
· Construction, trade and services are more labor intensive than the energy industry,
· Energy efficiency improves economic productivity and thus competitiveness,
· Short term higher demand for (efficient) investment goods and equipment improves private budgets and induces additional incomes. 
The main impact comes from additional investment, especially in the construction sector, where labor intensity is rather high. Given the work necessary for insulation, additional employment will mainly be created in small and medium enterprises. The long term effects are driven by energy savings and reductions of the energy bill. 
Figure 2
 shows the long term development of the energy costs for the two scenarios and contrasts investments and savings. Annual total savings in 2030 will be around 20 bill. Euro. 

4. Renewable Energy
For the technical specification of our scenarios we make use of the official scenario for the development of new RE installations, the so-called “Lead Scenario” (Nitsch et al., 2010). This scenario includes bottom-up modeled cost-structures of RE technologies, based on the learning curves for 10 RE technologies. It is a policy target oriented scenario, in which 84.7 percent RE will be reached in electricity generation, 49.4 percent in heat generation and 49.5 percent in primary energy supply in 2050. A scenario with zero investment in RE since 2000 serves as the respective (hypothetical) reference development. 

The scenario technique is often applied when future development depends on the development of some crucial quantities, whose development is highly uncertain. Future employment effects from expanding RE, for instance, critically depend on the relative costs of RE compared to fossil fuels, on national policies for the support of RE and on international climate regimes and RE strategies. 

Thus we constructed the following scenarios for the development of each of these decisive factors (see Table 2): 

· two different price paths for international energy prices,

· three different scenarios for the domestic RE investment,

· four different RE export scenarios, which vary by the share of imports and domestic production in 10 world regions and 10 technologies and with respect to the trade shares of Germany.
International energy prices determine the reference price for the additional costs of renewable energy systems in Germany, because large shares of fossil fuels are imported. The future development path of import prices for fossil fuels is highly uncertain considering the large fluctuations in the past couple of years. Therefore we implement a lower price scenario and a higher price scenario with the respective consequences for renewable energy diffusion. The price scenarios follow essentially the projections of the IEA. The higher price level coincides with the projections in the World Energy Outlook (IEA 2009). The lower price level is lower than the more recent projections in IEA (2010), but the upper price level exceeds the assumptions there. To keep the analysis on the safe side, in the following we report the findings for the lower price level, which is less favorable for the cost-effectiveness of RE installations.

Table 2: Important scenario assumptions (highlighted scenarios are reported further), real prices (2005)
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Germany has experienced a boom in the installation of photovoltaic panels in 2010. While the German government annually updates its “Lead Scenario” (Nitsch and Wenzel, 2009) for the future development of electricity and heat from renewable energy, the latest update in 2009 did not include this rapid increase. Therefore, we included two more scenarios in our analysis, which differ concerning domestic RE investment taking the likely PV development into account. It turned out that the higher path of this set was overachieved by 10% in 2010, so that only the results of the original scenario and the highest sensitivity will be reported here. 

Currently, the additional costs of RE systems are the main driver of negative economic effects. They spur the budget effect through increases in the electricity prices from the burden sharing mechanism of the German feed-in tariff and through additional expenditure for hot water and heat generation. From the cost development observable in the past and industry information estimates for future cost development in Germany are obtained (Nitsch and Wenzel, 2009). 
Export is a major driver of the economic performance in Germany. This holds for the economy as such as well as for the sector of the production of facilities for the use of RE. Earlier studies (Lehr et al., 2008) have shown that net employment strongly depends on assumptions on export levels. Therefore, RE technology exports have been modeled in great detail. Our analysis follows an idea developed by Blazejczak and Edler (2008) for “green” goods. They analyze the world market for green goods and derive German export quantities from shares of traded goods in this market and shares of German producers in world trade. We follow a similar logic and determine the trade volume of RE technologies in the year 2007 as a calibration for our projections of future exports. For this year, the trade shares of German producers can be estimated from statistical data and additional structural knowledge. For the future we develop four scenarios, all of them based on the Energy [r]evolution scenario for global installations RE systems (Krewitt et al., 2008).

The minimum case for exports is defined by holding the volume of German exports constant until 2030. This translates into a high loss of German trade shares. The maximum case is determined by holding the trade shares constant on a rapidly expanding world market, which can be seen as an almost tenfold increase of export volumes. Both scenarios serve as an upper and lower boundary to the more likely developments. One of them, the more optimistic scenario, assumes that Germany maintains significant shares in global trade of RE systems. The slower scenario can either be seen as a slowdown in German competitiveness or as a tendency to wall off markets in the future. Table 2 gives an overview of the main scenario settings.

Instead of a business-as-usual reference, which in many studies describes a development under which no further measures are taken (e.g. ISI et al., 2009), this study uses a zero scenario. The same approach has been applied in Lehr et al. (2008). It describes a consistent hypothetical development of German energy generation without renewable energy promotion from 2000 onwards and includes the additional fossil power plants and heat generation plants that would then be necessary along with the associated investment
. In this scenario, RE makes only a very limited contribution to the heat and electricity supply, for the latter predominantly from large-scale hydropower, which was already competitive even before the Renewable Energy Sources Act came into force.

In the following analysis results will be reported for the low price path and the high domestic investment path. All export scenarios will be included in the reported results. 

All other things are equal across the scenarios, i.e. regulations, taxes, etc. are taken as given. The PANTA RHEI model calculates endogenously economic development and labor market effects in the different scenarios. The zero scenario based on the low price path is now compared to a development with differing degrees of domestic investment in RE and differing export trends based on the same price path. The comparison of simulation results shows macroeconomic effects such as net employment effects which can be traced back to the different scenario assumptions.

To gain an overview of selected results in all the simulation runs, Figure 3 shows the results for net employment over time. Absolute deviations from the zero scenario with the low price path are shown. Positive values should be seen as positive net employment by comparison with a development without expansion of RE. Negative values indicate that employment lags behind the value it would have had without the expansion of RE.
The increase of RE leads in most of the scenarios studied to positive net employment, rising steadily, particularly from 2020 onwards, when global RE markets are expected to increase strongly according to Krewitt et al. (2008). The net effects are negative in the scenarios with minimal exports (i.e. remaining constant at today’s level), although this should be seen here more as a notional lower limit. In this case, for the two expansion paths (Lead Scenario and High PV) lower values for employment are observed by comparison with the zero scenario. However, at the end of the observation period there is a reversal in these cases: the net employment effects become slightly positive or are neutral. The influence of exports on the domestic employment level also becomes very evident in the scenarios studied: using the optimistic expectations, the positive net employment effect rises by 2030 to values in excess of 150 thousand. In combination with cautious export expectations, there are less positive deviations from the zero scenario up to 2015. After that the positive employment effects of exports become apparent.

Figure 3: 
Employment in absolute differences to the zero scenario, in 1000 persons
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Since we are showing only the low price path here, the higher additional costs of RES, brought about by low prices for fossil energy sources, attenuate the positive net employment effects in comparison to a scenario with a higher energy price path. 

Overall, the highest net employment stems from maximal export in combination with high PV expansion. In this case, net employment in 2030 is a little more than 200 thousand people higher than it would have been without expansion of renewable energy in Germany.
Gross employment in the RE industries may increase to around 500 to 600 thousand people compared to more than 370 thousand today (O’Sullivan et al., 2011). 

5. Conclusions and outlook
The results clearly show that improved energy efficiency results in a variety of positive effects on the economy and the environment. These range from reduced greenhouse gas emissions to improved competitiveness of firms and budget savings for consumers to economy wide impacts like additional employment and economic growth. Thus, exploiting the huge potential stemming from cost-effective efficiency measures should have high priority for the design of energy and climate policies.

However, although the overall energy efficiency potential is large, it stems from completely different technologies and technology users. Consequently, also the pattern of barriers to invest in energy efficient technologies is manifold and will need a broad mix of sector and technology specific policies. 

Our analysis shows possible positive impacts of the expansion of RE in Germany – and the conditions and policy implication for a positive development. Positive net employment effects strongly depend on further growth of global markets and German RE exports. When relating the results to studies which report negative impacts of RES promotion, the treatment of international market developments in the studies can explain at least part of the differences. Another important factor for employment impacts are expectations of future cost reductions of different RES technologies.
The definition of a reference to mirror impacts of RES and energy efficiency development is difficult and will influence the magnitude of impacts. RES increase is still mainly driven by policy support, which makes it easier to apportion the overall impacts to policy. But this is about to change. Energy efficiency improvement is partly autonomous, which makes it very difficult to assign the policy-driven share.
The current discussion about the German energy concept, which builds on renewable energy promotion and energy efficiency improvement, should be opened to related issues as external costs of energy consumption, energy security, the “green” technology race and new export markets, and the more general discussion about green economy and welfare. Their inclusion in a comprehensive analysis makes the evaluation of the German “Energiewende” even more positive.
Economic impacts of energy efficiency measures are less dependent on global market development. The construction sector plays a major role. But companies specialized on energy efficiency products can also profit from cost degression on international markets and focus on growing markets abroad. The German energy concept builds on RES development and on energy efficiency deployment. Taken the structure and the competitiveness of the German industry into account, it looks like the energy concept will yield a double dividend of lower fossil energy use and GHG emissions on the one hand and additional jobs in the RES and efficiency industries on the other. Obviously, this has to be related to higher investment and costs such as electricity prices in the medium term.
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