
   

 

Overview 

Macroeconomic impacts being linked with construction and use of photovoltaic cells and wind power plants have 
been emphasized in many studies (e.g., Allan et al., 2020; Graziano et al., 2017; Mattes, 2014). Regarding impacts 
being related to the end-of-life (EOL) of these technologies, currently most 

studies focus on waste forecasts or impact analysis of investments and not on 
employment or changes in value added. (e.g., Costa & Veiga, 2021; Shoeib et al., 

2021).  Our study aims to contribute to close this research gap. 
The increased deployment of renewable energy and is linked with rising 

demand for production inputs such as concrete, steel, and fiberglass that have to 

be disposed of or recycled. Wind turbines, in particular, consist of several 
construction elements, which are renewed at certain intervals due to their limited 
technical service life or due to further technical development (repowering). If 

these construction elements cannot be reused at other locations, they must be 
disposed of as waste based on the regulations of the Closed Substance Cycle 

Waste Management Act. Still, the aforementioned components of wind turbines 
can be almost completely recycled. If the volume of wind turbines requiring 
disposal increases, experts assume that the disposal market will react to this and 

additional capacities may be made available. In our model, we focus on wind 
turbines, as many wind power plants will reach their EOL soon, particularly in 
Germany. After a lifespan of 20-25 years, parts of the wind turbines are currently 

disposed of either as landfill or are thermically reused in the cement industry, as 
recycling them in a sustainable manner is an option that is still left to be exploited. 

In Figure 1 the coverage and dispersion of wind turbines in Germany can be 
observed. Corresponding to wind power potential, most plants are located in Northern regions. Especially in these 
regions, the EOL and need for dismantling can create substantial effects for regional employment, which is why we 

look on these macroeconomic impacts being linked with dismantling of wind power plants. 

Methods 

Using spatial econometric modeling, we investigate the effects of wind turbine dismantling in Germany on 
employment on regions on NUTS-3 level. We divide estimated results into impacts of direct and indirect effects, 

including regional spillover effects. Our sample consists of 401 German regions on NUTS-3 level across 2009-2019. 
We investigate whether spatial linkages between regions affect other neighboring regions and after testing for spatial 

dependence, we execute a spatial durbin model (SDM) to account for spatial autocorrelation, which is able to detect 
spillover effects of the regional shift arising from the dismantling of wind turbines. The SDM incorporates spatial lags 
of the dependent and the explanatory variables by including a spatial weight matrix based on distance related 

neighborhood effects (LeSage & Pace, 2009). We build a spatial weights matrix and we assume that contractors for 
dismantling can originate from all regions in Germany and are not locally based in the region where a turbine needs 
dismantling use a global spillover specification. For the effects of wind turbine deployment, we use data provided by 

the German Bundesnetzagentur about the exact geographic locations of turbines, the year of their initial operation, 
and multiply the aggregated number of turbines in a region with the cost of dismantling (Bundesnetzagentur, 2022). 

To control for the economic structure in a region, we include gross value added of the industry sector to account for 
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Figure 1: Number Wind Turbines 

Aggregated on NUTS-3 level. Source: 

Own compilation based on 

Bundesnetzagentur 2022. 



productivity in a region, the share of human capital employed in knowledge intensive industries as indicator for 
innovation potential, and regional population density (BBSR, 2022; Eurostat, 2022). Additionally, we include a 

dummy variable indicating the presence of manufacturers of wind turbines in a region, as effects on employment in 
those regions could be attributed to productivity gains by these companies. We estimate the model as twoway-fixed 
effects and as a random effects specification, as only the latter can account for the dummy variable of turbine 

manufacturers. 

Results 

Our model shows that effects of turbine dismantling on employment can not be attributed to the region where 

dismantling happens, but to neigboring regions. In region 𝑖, the coefficient is negative, whereas it is positive for 

neigboring regions 𝑗. Still, the dismantling effect is marginal, with a 1 percent increase affects employment in region 

𝑖 by -0.00007 percent and in regions 𝑗 by 0.0000006 percent, although the effect is not significant. However, the results 
from the SDM indicate that the spatial coefficient 𝜌 is highly significant and positive, meaning that impacts of other 

regions influence region 𝑖 via a multiplier of 𝜌 = 0.21. Highly significant are gross value added the industry sector 

(positive) and in the indicator for knowledge intensity (negative for region 𝑖, but positive spillovers), where the 
knowledge indicator is only significant for region 𝑖, not in regions 𝑗. For turbine dismantling, there seems to be a 
different pattern than for industry in general, indicating heterogeneity and specificity in skills needed for dismantling, 

which spillover to neighboring regions. Population density is significant across all regions, as these regions coincide 
with high employment. LaGrange multiplier tests indicate that spatial dependence is present in the data and that a  
global spillover specification is appropriate, spatial error correlation is not needed. Hausman-tests indicate further that 

the fixed effects specification is preferred to the random effects specification. However, the random effect 
specification exhibits a positive effect of the dummy variable of turbine manufacturers of 0.3 percent, which supports 
the notion of special labor force and capital needed in the wind turbine construction/dismantling sector. 

Conclusions 

Our analysis shows that employment impacts resulting from the dismantling of wind turbines are a spatially 
relevant issue that affect the region of the wind turbine location negatively, but exude positive spillovers to 

neighboring regions. As it is expected that a peak of the EOL of wind turbines will occur 20 years from now on (Volk 
et al., 2021), effects on regional employment are not necessarily only local, but global and spilling over to a ll regions. 
Building a circular economic structure for the implementation of recycled glass fiber based products in the chemical 

and cement industries could magnify these effects. With increasing replacement of raw materials, a  shift between 
industry processes and resources is to be expected. With our model, we are able to emphasize the shift of implementing 
recycling on the economy, disentangling regional effects beyond the direct effects of the shift of material flows. 
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