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Overview
Many countries around the world are currently promoting the development and large-scale deployment of renewable energy technologies. Potential advantages of renewable energy include a lower dependency on scarce, imported fossil fuels, improved security of supply, and decreased emissions, in particular carbon emissions. While the benefits of renewable energy technologies are clear, the economic implications of their deployment and of the related supportive policies are less clear. The renewable energy transition will trigger dynamic effects through which not only growth and employment will be affected, but also the relative importance of the various sectors of the economy. The deployment of renewables can stimulate growth and create new employment opportunities (“green jobs”), but such policies do not come without economic costs as, for instance, displacing investment in conventional energy industries. Therefore a critical and analytically challenging aspect within this context is to assess the net effects of such policies and how these policies translate into structural adjustment (see e.g., Lehr et al. 2008, Frondel et al. 2010, or Wei et al. 2010). 

This paper fills an important research gap by presenting a model-based analysis of the net effects triggered by the deployment of renewables in Germany. Over the last decade, Germany has become an early leader in policies aimed at promoting renewables and a frontrunner of renewable energy deployment. Thus, the country provides an important study case which is relevant for many other countries. Our analysis relies on a new modeling tool. Based on a comparison of scenario runs, the model results clearly show that the net effect of the renewable energy transition is positive for Germany.
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Methods
To assess the net effects of the renewable transition, we evaluate different scenario runs which are computed with the newly developed model SEEEM (Sectoral Energy-Economic Econometric Model for Germany). This model allows a detailed analysis of macro-economic and sectoral effects triggered by renewables. SEEEM has been originally derived from the multi-country econometric model National Institute Global Econometric Model (NiGEM). This is a global model with all OECD countries having own economic sub-models. Countries are fully and simultaneously linked via trade, competitiveness, and financial flows. The core model follows a “New-Keynesian” framework and assumes forward-looking expectations and nominal rigidities that slow the process of adjustment to external events. Parameters of the relevant equations have been obtained by consistent and state-of-the-art econometric approaches.
The German sub-model has been extensively expanded to include a detailed sectoral structure (85 sectors) for Germany based on input-output tables and other disaggregated data. The model further includes data on investment, exports, imported intermediates etc. for each renewable energy sector. These sectors are wind, photovoltaic, solar thermal, hydropower, biomass, biogas and geothermal. 
Based on the official guideline scenario for the development of renewable energy in Germany (BMU 2009), we develop an “Expansion” scenario and a counterfactual “Null” scenario without any renewable energy deployment. For the former scenarios, we derive a consistent set of renewables-related economic stimuli for the years 2000-2030. These stimuli may be positive (e.g., investments) or negative (e.g., additional costs) and serve as inputs for the model-based analysis (Figure). Model outcomes include immediate economic reactions to these stimuli as well as structural change and adjustment. We are particulary interested in GDP development, productivity, trade impacts, and job effects, as well as structural adjustment on the demand side of the labor market.
Results
The results clearly indicate an accelerated economic growth path in the Expansion scenario. The average annual growth rate of the German GDP between 2000-2030 is about 0.1% higher than in the Null scenario. Accordingly, the renewable energy transition increases German GDP in 2030 by 2.9%. The growth in GDP can be explained by higher investment actvities – partly due to higher investment in renewable energy technologies, but partly also due to induced investment in other sectors of the economy – and higher private consumption. Interestingly, despite higher energy costs, private consumption in 2030 is about 3.5% higher than absent the development of renewables. 
The trade balance for Germany is only slightly affected in the scenarios. The support for renewables fosters a local technology sector, leading to an increase in the exports of renewable energy technology goods. A second effect is a decrease in imports of conventional fuels. However, due to higher economic activity, Germany tends to import more of other final or intermediate goods. This effect is particularly strong – total imports thus increase 1% by 2030. The change in exports is about the same size, such that the trade balance remains roughly the same. 

According to our model results, there is a positive, but very small, employment effect associated with the support of renewables in Germany. Employment in Germany is, for instance, about 15,000 persons higher in the year 2020. Several additional model runs have been conducted for sensitivity analysis. Overall, we find substantial evidence for a growth-enhancing effect of the support for renewables in Germany – net effects are mostly positive. Whereas GDP effects are rather robust, sensitivity analyses reveal that employment effects largely depend upon labor market assumptions. If one assumes that additional economic resources are activated by the renewable energy transition, the increase in labor productivity may be smaller than the increase in GDP. In this case, we observe a stronger effect on employment of up to 270,000 additional jobs. 
Conclusions
We analyze the economic net effects of the renewable energy transition in Germany and find that GDP effects are unambiguously positive. Hence the support of renewable energy technologies not only brings well-known advantages like reduced imports of fossil fuels or lower emissions, but is also beneficial for Germany’s economic development. Regarding job effects, we generally find a small positive impact of the renewable energy transition. Results however are sensitive to modelling assumptions: actual labor market flexibility and regulation are critical for determining the net employment effect of renewable energy expansion. In any case, the growth in renewable energy sectors will lead to structural changes in the economy.
An important area for future research is to go beyond renewable energy policies and consider the promotion and deployment of other strategies that foster the transition to a low carbon economy, for example energy efficiency measures, in comparable analyses.
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