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Chapter 6 

Regional Net Impacts and Distributive 

Effects of Promoting Renewable Energies in 

Germany

 

 

6.1  Introduction 

This chapter has two objectives. Firstly, to examine the regional distribution of net impacts of the 

promotion of renewable energies on industries and households in Germany‘s 16 federal states. The 

second objective is to analyse the effect on the distribution of disposable income among the income 

brackets. The term ‗net‘ is used to indicate that this study goes beyond the assessment of impacts of 

demand expansions caused by the production and operation of RE power plants in Germany, which 

always delivers positive (‗gross‘) impacts. Instead, offsetting negative impacts due to the financing of 

the promotion and the crowding-out of fossil-based electricity and investment into conventional power 

plants are explicitly into account. Therefore, net impacts result from accounting for these opposing 

effects.
14

   

Since its entry into force in March 2000, the German Renewable Energy Sources Act (EEG) has 

stimulated tremendous investments in renewable energy (RE) generation capacities, which has led to 

an increase in the share of renewables in the total generation of electricity to more than 27% by 2014 

according to the federal statistical office of Germany (Destatis). The EEG encourages investments into 

RE capacities by guaranteeing a fixed price per kWh (so-called feed-in tariff) for 20 years, as well as 

preferred feed-in over electricity generated from non-renewable sources. The difference between the 

guaranteed price to suppliers and the actual spot market price constitutes a subsidy that is financed by 

a surcharge per kWh consumed. Companies who fulfil the legal criteria for being considered as 

energy-intensive pay a drastically reduced surcharge.  

In this paper, these policy measures are broken down into a number of positive and negative direct 

impacts on regional households and industries. Thereafter, we trace their wider economic impacts on 

                                                           

 This chapter is based on  ―Regional Net Impacts and Distributive Effects of Promoting Renewable Energies in 

Germany‖ published  in Ecological Economics (2017, 135). The paper was presented at the 24th International 

Input-Output Conference held in Seoul, Korea, where it was awarded with the Leontief Memorial Price for the 

best conference paper of young authors. The author would like to thank Jan Oosterhaven, Erik Dietzenbacher 

and the participants of the IIOA as well as two anonymous referees for their valuable comments and suggestions. 
14

 Net impacts should not be confused with ‗net-multipliers‘ (see Miller and Blair, 2009 for an overview). Here, 

the conventional gross multipliers are used, so that the term ‗net‘ only refers to accounting and comparing 

positive and negative impacts.   
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production and income levels, as well as on consumer prices and wage rates through the networks of 

spatially dispersed value chains. To this end, the analysis is carried out by means of extended (i.e., 

type-II) multiregional price and quantity input-output models, which are based on a novel 

multiregional input-output (MRIO) table for Germany‘s 16 federal states (Többen, 2014) extended 

with detailed labour force and household accounts depicting the generation, distribution and 

expenditure of private income among ten income brackets per region.  

This study is, to the best of our knowledge, the first to explore regional net impacts and social 

distribution effects of the EEG in a general equilibrium context. The existing literature on the 

economic evaluation of the EEG mainly concentrates on its effectiveness in encouraging investment in 

RE capacities and its long-term effects on national GDP and employment (Hillebrand et al., 2006; 

Butler and Neuhoff, 2008; Lehr et al., 2008; Lesser and Su, 2008; Frondel et al., 2010; Langniß et al., 

2009; Lehr et al., 2011; 2012). In recent years, however, attention in the public debate in Germany has 

focused on questions about the regional and social distribution of the costs and benefits of the 

surcharge and its recycling scheme.
15

 Because of different endowments, economic and demographic 

structures, and regional implementations of national energy policy objectives, the positive and 

negative effects of the EEG affect regions and sections of the population very differently. 

First attempts to study the unintentional effects of the EEG on the distribution of private income 

focused on the distribution of direct costs and benefits stemming from the surcharge and the 

distribution of revenues for private investors. It is commonly found that the highest financial burden 

(relative to income) of EEG surcharges is felt by the poorest households (Bardt and Niehues, 2013; 

Grösche and Schröder, 2014; Lehr and Drosdowski, 2015), which is in line with the general perception 

about the regressive effects of environmental taxes (Casler and Rafiqui, 1993; Hamilton and Cameron, 

1994; Speck, 1999; Wier et al., 2005). For the case of photovoltaics, Bardt and Niehues (2013) and 

Grösche and Schröder (2014) also show that the recycling scheme of the EEG increases the inequality 

among households even further, arguing that revenues concentrate on wealthier households, who can 

afford to invest.  

However, these studies do not take the economy-wide repercussion effects into account nor do they 

consider the regional dimension of economic activity and spillover effects. A notable exception is the 

work of Ulrich et al. (2012), who use a regional allocation model in conjunction with a national input-

output model to examine the regional distribution of gross employment effects linked to the 

manufacture and operation of RE power plants in Germany‘s federal states. However, their study does 

not account for potential offsetting effects caused by the increase in electricity prices, as well as the 

crowding out of fossil-based electricity and investment in conventional generation capacities. These 

include, in particular, the increases in the costs of living of households and the costs of production of 

industries due to the surcharge, as well as economy-wide effects resulting from the replacement of 

                                                           
15

 A collection of three different contributions to the discussion can be found in Techert et al. (2012).  
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electricity generated in fossil-fuelled power plants. On the other hand, potentially positive effects on 

private incomes resulting from labour incomes generated by the operation and production of RE power 

plants and revenues of the owners are also neglected.  

The remainder of this chapter is organized as follows: The following Section 6.2 explains the data and 

main assumptions used to break down the policy measures from promoting renewable energies into 

positive and negative direct impacts on regional industries and households. It also gives overview of 

the modelling setup through which the respective total (direct and indirect) impacts are estimated. A 

detailed discussion including the derivations of the extended price and quantity input-output models is 

given in the appendix of this chapter. In Section 6.3, the modelling results are presented and discussed, 

while Section 6.4 presents the conclusions.  

6.2  Data and methodology 

The study regions are Germany‘s 16 federal states. Figure 6.1 shows their geographical location and 

provides additional information about the regional shares in national GDP, population, as well as the 

proportion of the national total of surcharge payments and feed-in tariffs paid and received, 

respectively. The year of analysis is 2011.  

Figure 6.1 Germany‘s federal states: geographical location and percentage of national population, 

GDP, feed-in tariffs and surcharge payments 

 

Source: VGR der Länder, BdEW (2012). 

The ordering of the federal states in official statistics is used here: The first ten states are listed from 

north to south and constitute those states that were part of West-Germany before reunification 

(excluding the western part of Berlin). States twelve to sixteen constitute the territory of former 

eastern Germany (excluding the eastern part of Berlin).  

A comparison of the regional shares in national population with those in national revenues from feed-

in tariffs and surcharge payments reveals some remarkable regional differences. If the state‘s share of 
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national feed-in tariffs is much lower than its corresponding share of the national population this 

indicates that the installed capacities of renewables per capita are below the national average. This is 

in particular the case for the city states of Berlin, Hamburg and Bremen, where the required space for 

wind and biomass is scarce, as well as for the states of Nordrhein-Westfalen- and Hessen. On the other 

hand, the more rural states at the coast (SH, NI and MV), the eastern states of Brandenburg and 

Sachsen-Anhalt and especially Bayern in the southeast receive feed-in tariffs far above their shares of 

the national population. The states of Niedersachsen and Schleswig-Holstein in the north and 

northwest as well as the eastern states have large capacities for the generation of electricity from wind 

and biomass, whereas about 40% and 20% of the feed-in tariffs for photovoltaic and biomass facilities, 

respectively, are received by operators in Bayern.  

Regarding the shares of the states with respect to national surcharge payments, a share larger than the 

corresponding share of the national population is an indication that the economies of these states are 

based in particular on manufacturing. This is the case in Nordrhein-Westfalen, Rheinland-Pfalz, 

Baden-Württemberg, Bayern and Saarland located in the west and in the south of Germany, where the 

majority of Germany‘s industrial production is concentrated. Compared to that, the economies of 

Hessen, Hamburg and Berlin depend on services to a larger extent, which results in below average per 

capita surcharge payments. Below average shares can also be observed in Schleswig-Holstein, 

Mecklenburg-Vorpommern and Sachsen. 

The following subsections first describe how the policy measures of the EEG are broken down into 

direct impacts on industries and households. Thereafter, it is described how the total (direct and 

indirect) impacts on value added and disposable income are derived from the direct impacts by means 

of extended multiregional quantity and price input-output models.        

6.2.1 Direct Impacts 

The policy measures constituting the EEG have several direct impacts on industries and households. 

Two major channels are examined separately: Firstly, the operation of the existing stock of RE power 

plants and, secondly, the production of new RE power plants for domestic investment and export. Both 

channels are associated with different crowding-out effects on conventional power plants: In the first 

case, electricity generated from conventional power plants is crowded-out, because of the preferred 

feed-in of electricity from renewable sources. In the second case, by contrast, domestic investments 

into renewable capacities crowd-out investments into fossil fuelled power plants.  

The main reason for treating both channels separately is that domestic investments and, in particular, 

export demand are only indirectly linked to the measures of the EEG. The eligibility of the feed-in 

tariff does not depend on whether newly installed RE power plants are delivered from German 

producers or imported from abroad. For additional information on the main data sources, assumptions 

and processing steps for the derivation of direct impacts, see Appendix 6B.  
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Direct impacts of the operation of RE power plants  

For the derivation of impacts on industries and households directly linked to the operation of existing 

RE power plants, the impacts of the individual measures of the EEG are examined. These are, firstly, 

the direct impacts of the feed-in tariff, secondly, the impacts of the surcharge on electricity prices and, 

thirdly, the impacts of the preferred feed-in of renewable electricity, which leads to crowding-out of 

non-renewable electricity.  

The operation of RE power plants is promoted through feed-in tariffs. Data on region- and technology-

specific payments of feed-in tariffs for 2011 are taken from BdEW (2012). These are split into, firstly, 

direct impact through intermediate demand for maintenance and, in the case of biomass, fuel for the 

operation of RE power plants in Germany,     , secondly, the impact on labour compensation by 

income bracket and region of residence,     , and, thirdly, revenues received by private owners by 

region and income bracket,     .  

The surcharge is raised in order to finance the difference between the spot-market price of electricity 

and the feed-in tariff and constitutes a subsidy for promoting the expansion of renewable energies in 

Germany. In 2011, the regular surcharge was 3.53 ct/kWh. By contrast, companies of the mining and 

manufacturing sector, who consume more than 10 GWh per year and whose ratio of electricity costs to 

value added exceeds 15%, paid only 0.05 ct/kWh for each kWh exceeding 10 GWh in 2011. The 

direct impact of the surcharge is measured as surcharge payments relative to gross output for 

industries and relative to gross income for households. In the following,         denotes the percentage 

change in the costs of production of industries, where     represents the relative change in electricity 

prices due to the surcharge and    the electricity inputs per unit of gross output. Correspondingly, 

      denotes the percentage increase in the costs of living of households due to the surcharge.  

The crowding-out of electricity from conventional sources results from the preferred feed-in, which 

implies that each kWh generated from renewable sources replaces a kWh of electricity that would 

have been generated in fossil-fuelled or nuclear-fuelled power plants. Here, we consider the direct 

impact on their intermediate demand for fuel and maintenance,         . As these power plants are 

still required as back-up capacities, there is no direct link to possible reductions in power plant staff.  

Direct impacts of the production of RE power plants  

In addition to directly promoting the operation of renewables, the EEG supports firms who produce 

RE power plants as well as their suppliers along the supply chains. In the long run, the EEG aims to 

replace the installed capacity of conventional power plants with RE.  

The production of RE power plants for domestic investment and export in Germany generates direct 

impacts, firstly, due to intermediate and labor input requirements, which generate demand and labor 
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income. Here, we consider the region- and product-specific intermediate demand by producers of RE 

power plants,     , and the compensation of their workers by region and income-bracket,     .  

Crowding out of investments in fossil fuelled power plants: In order to determine the extent to which 

RE capacity installed in 2011 can replace conventional power plant capacity, we use the concept of 

assured capacity. This is a statistical figure that describes the fraction of the installed capacity that can 

be considered to be constantly available. The intermediate demand associated with investments in 

fossil-fuelled power plants is represented by           , while          denotes the compensation of 

staff operating the power plant by region and income bracket. 

Data sources  

The main data source for estimating the cost structures of the operation and production of RE power 

plants in Germany are region- and technology-specific survey-based data including intermediate 

demand for German products, demand for imports, gross output and, by definition, value added as a 

residual. These data have been used for a series of studies for the German Federal Ministry for 

Economic Affairs and Energy (Lehr et al., 2011; Lehr et al., 2012; Ulrich et al.,2012; Lehr and Ulrich, 

2014). Gross revenues from the operation of RE power plants are computed as the residual between 

the feed-in tariffs received and operation costs. The labour compensation associated with the 

production and operation of RE power plants is estimated by applying shares of labour compensation 

in value-added of comparable sectors from the MRSUT to the value added figures deduced from the 

survey data. For the production of photovoltaic panels, we use the respective shares of the electrical 

equipment industry as a proxy, whereas for the remaining RE technologies the shares of the machinery 

industry are used.  

The estimates of the direct impacts of the surcharge on regional income brackets is primarily based on 

microdata from the German income and expenditure survey (hereinafter, EVS for Einkommens- und 

Verbrauchsstichprobe), which also constitutes the main data source for the distribution of incomes 

over income brackets. The estimate of the direct impact on regional industries, by contrast, is mainly 

based on national and regional data on the amount of privileged electricity consumption (i.e., the 

amount of electricity to which the reduced surcharge applies) provided by the Federal Office for 

Economic Affairs and Export Control (BAFA).  

A detailed description of all data sources used, as well as of the methods and assumptions used to 

derive direct impacts from them, is given in Appendix 6.B.         
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6.2.2 The Model 

Extended multiregional quantity and price models are used to trace the wider economic impacts of the 

direct impacts derived in the previous section on regional industries and households by income 

bracket. The total impacts on industries are measured in terms of changes in value added (except of 

labour compensation, which is attributed to labour income of households), whereas impacts on 

households are measured as changes in disposable income. The designation ‗extended‘ indicates that 

both models incorporate endogenous consumption of households (see Miller and Blair, 2009). 

The modelling setup for tracing the total impacts of the operation of RE power plants is shown in 

Figure 6.2, and the setup for the impacts of the production of these facilities is shown in Figure 6.3. 

The structure of the MRSUT and the construction of its extensions, as well as a detailed derivation of 

the extended price and quantity models are described in Appendix 6C. In addition, modifications 

required to avoid double-counting in cases where direct impacts concern endogenous variables are 

discussed. In total, we distinguish 59 types of products and labour inputs at three education levels that 

are supplied and demanded by 35 industries and 10 income brackets per region. 
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Figure 6.2 Schematic block diagram of the modelling setup for the operation of RE power plants 

 

Source: Own elaboration. 
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Figure 6.3 Schematic block diagram of the modelling setup for the production of RE power plants 

 

Source: Own elaboration. 
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6.2.2.1 The quantity model 

The extended quantity model delivers the economy-wide impacts of an exogenous change in the 

demand for products and in income levels of households. It can, therefore, be characterized as a 

demand-pull input-output model (Oosterhaven, 1996). The quantity model used here is a multiregional 

version of the model developed by Cloutier and Thomassin (1994), which is directly formulated for 

supply-use tables rather than symmetric industry-by-industry input-output tables. The spatial 

dimension is incorporated by decomposing the use of products and labour inputs by regional industries 

and households with respect to their regional origin, which follows the conception of what 

Oosterhaven (1984) calls a ―purchase-only‖ and Jackson and Schwarm (2011) call a ―use-

regionalized‖ supply-use table.  

In this model, any change in product demand and income levels is assumed to be the starting point for 

a cascade of higher-order indirect impacts on industries and households through interindustry linkages 

and the circular flow of (labour) income and expenditure. Apart from the surcharge, all other direct 

impacts described in the previous subsection are directly fed into the quantity model, in order to 

estimate total impacts on industries and households. The direct impacts of the surcharge, however, are 

first fed into the price model which delivers percentage changes in the costs of living (measured 

relative to gross income). These percentage changes are, then, translated into corresponding monetary 

changes in exogenous income,       , and fed into the quantity model (as shown in Figure 6.2). A 

more detailed description is given in the next subsection. 

Table 6.1 summarizes the two-x-two types of impacts that can be distinguished in the extended 

quantity model. The first row measures the total impacts on value added (excl. labour compensation) 

of regional industries and incorporates the extended Leontief inverse  

  (         )  .         (1) 

The extended Leontief inverse consists of two components. The first,   , represents interregional 

interindustry relationships. The intermediate demand coefficients,  , are used to determine the change 

in intermediate input requirements of regional industries due to an exogenous change in the demand 

for their products, while industry market shares,  , translate these product-requirements into demand 

directed to industries. Here,    
     denotes intermediate demand for product   from region   per unit 

of output of industry   from region   and    
    denotes the market share of industry   in the total 

supply of product   by region  .   

The second component,     , represents the circular flow of income and expenditure. Changes in 

labour income resulting from changes in production levels are determined by means labour input 

coefficients,  . These are, then, distributed across households by income bracket via   and lead to 

changes in the demand for consumer products through  . These demand changes for products are, 



Chapter 6 

121 

finally, translated into changes in demand directed to industries via industry market shares,  . Here, 

   
       denotes the (fixed) compensation of workers with education level   living in region   per unit 

of output of industry   from region   and    
    denotes the (fixed) market share of income bracket 

  residing in   in the total supply of labour inputs at education level  . Finally,    
     denotes the 

(fixed) demand for product   from region   per unit of gross income of income bracket   in region  .  

Table 6.1 Equations of the extended multiregional quantity model used to estimate the total effects on 

value added and disposable income 

 Direct impact on… 

 Demand  Income 

Total effect on… 
Value added          ,     -            ,        - 

Disposable income          (    )   ,     -        ,        - 

Source: Own elaboration. 

In order to derive the total impacts on industries resulting from an exogenous change in the income of 

households, the extended Leontief inverse is post-multiplied by   , where   delivers the 

corresponding private consumption expenditures, which are directed to industries via  . Since the 

extended Leontief inverse delivers total impacts on gross output of industries rather than on value 

added (excl. labour compensation),   , it is premultiplied by exogenous value added per unit of 

output coefficients  .  

The second row, by contrast, measures impacts on households and incorporates the Miyazawa inverse 

(Miyazawa and Masegi, 1963; Miyazawa, 1968) 

  (    (    )    )
  

,         (2) 

which constitutes a generalization of the Keynesian income multiplier with heterogeneous households 

and income sources.
 16

 The Miyazawa inverse   delivers the interregional and interrelational income 

multipliers of households. Here,    represents the demand for consumer products directed to regional 

industries associated with an increase in exogenous income. Pre-multiplying these demands with the 

supply-use version of the simple Leontief inverse (    )   delivers the total (direct and indirect) 

output of regional industries required to satisfy private demand. Finally,   delivers the increased 

demand for labour associated with the change in production levels and   distributes the labour income 

across households by income bracket.  

                                                           
16

 Input-output applications dealing with interrelational income effects and interactions between economic and 

demographic aspects have a long tradition with a large body of literature. Summaries can be found in Batey and 

Madden (1999) and Sonis and Hewings (1999). 
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The total impacts of an exogenous change in product demand on the income levels of households is 

derived by post-multiplying the Miyazawa inverse by   (    )  , which translates outputs of 

regional industries required to satisfy the exogenous demand, (    )  , into changes in income 

levels via   . As the Miyazawa inverse delivers the total impacts on gross income, our target variable, 

disposable income, is obtained by pre-multiplying (2) with  , which denotes the shares of disposable 

income per unit of gross income by region and income bracket.   

6.2.2.2 The price model 

The price model (which is the dual of the quantity model) delivers the cost-push effects of an 

exogenous increase in primary input prices, by assuming that industries fully pass on increases in their 

cost of production to their customers by increasing the prices of their own outputs (Schumann, 1990; 

Oosterhaven, 1996). The impact assessment of changes in energy prices is one of its most frequent 

applications (Polenske, 1979; Valadkhani and Michell, 2002; Bazzazan and Batey, 2003; Neuwahl et 

al., 2008; Wu et al., 2013). A supply-use version is developed by Pyatt (1994a, b). In multiregional 

models, the spread of price shocks from one region to another through interregional supply chains is 

additionally incorporated. A study on interregional spillovers of energy price shocks in the USA can 

be found in Polenske (1979). As a second extension (besides interregional price effects), the model 

used here incorporates a price-wage multiplier, which mimics the interaction between industries and 

households in the formation of prices and wages. The formulation and application of the extended 

multiregional price model to a real import price shock in the Netherlands can be found in Oosterhaven 

(1981b).   

As in the quantity model, the two-x-two types of different relations between exogenous direct impacts 

and endogenous total impacts on industries and households are shown in Table 6.2. The impacts are 

referred to as impacts on the ‗costs of production‘ of industries and the ‗costs of living‘ of households. 

However, these terms have to be understood in a wider sense. The results of the price model for 

industries and households are weighted averages of price changes of intermediate and labour inputs 

(industries) and consumer products (households), whereby the weights are the shares of the respective 

inputs or consumer products in total outlays of industries (i.e., gross output) and households (i.e., gross 

income), respectively. Therefore, in the case of industries the denominator of the weights include 

outlays for taxes, imported intermediate inputs and operating surplus, whereas savings, imported 

consumer products and deductions from gross income (income taxes and contributions to social 

security) are included in the case of households.   

The equations that deliver the total impacts of an exogenous increase in primary input prices 

(excluding wages) involve the extended multiregional Leontief inverse,  , which comprises price 

effects rippling through the network of interregional supply chains, represented by   ,  as well as the 

representation of the wage price spiral     .  
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In order to estimate the total effect on households,   is post-multiplied by   , where market shares, 

 , deliver the average price increase of a certain product from a certain region, which is further 

translated into the associated increase in the costs of living via consumption coefficients,  .  

Table 6.2 Equations of the extended multiregional price model used to estimate the total effects on 

production costs and on the cost of living 

 Direct impact on… 

 Input prices  Consumer prices 

Total effect 

on… 

Costs of production       (     )          (     )   (    )   

Cost of living        (     )           (     ) 

Source: Own elaboration. 

By contrast, the computation of the total effects associated with an initial exogenous price shock on 

households involves the multiregional Miyazawa inverse  .    represents the increase in labour costs 

due to increased wage claims, which leads to increased intermediate input prices via (    )   and 

is, finally, translated into a corresponding increase in costs of living via   . The corresponding total 

effect on the costs of production by industry is, then, found through post-multiplying the total effect on 

households by   (    )  .       

Here, the extended price model is used to examine the impacts of the surcharge on the cost of living 

due to changes in consumer prices. In an extended price model, it is assumed that households fully 

pass-on increased cost of living on industries through increasing the prices of the primary inputs they 

deliver, i.e., labour and capital. In the extended input-output price model changes in the index price of 

the column totals of households (i.e., gross income on the demand side), also have to apply to the 

corresponding row total for the sake of consistency, i.e., to endogenous and exogenous income.   

However, in view of real-world relevance the pass-on behaviour is only realistic for labour income, 

where the formation of wage rates is the outcome of negotiations between labour unions and 

employers, where changes in consumer prices are an important determinant. For this reason we 

assume that the indices of exogenous income are fixed, such that households can pass-on increases in 

consumer prices on wage rates only.  

Multiplying the total impacts on the costs of living by the share of exogenous income in total gross 

income of households by region and income-bracket, then, delivers the fraction that households cannot 

pass on. The resulting percentage changes relative to gross income are, then, multiplied with gross 

income by region and income-bracket in 2011, in order to translate these percentage changes into 

monetary ones. These monetary changes are then used as direct impacts on exogenous income,   ̂   , 

in the quantity model. 
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6.3  Results and discussion 

In this section, the results of the analysis are presented and discussed along the following lines. 

Subsection 6.3.1 deals with the impacts of the surcharge on the costs of living of households. As 

shown in previous section, these results are used to derive further impacts through associated changes 

in the private consumption levels of households. Subsection 6.3.2 discusses the results of this change 

for the regional distribution of value added (other than labour compensation) and disposable income, 

as well as the results for the remaining impacts on value added associated with the operation and 

production of RE power plants. Finally, Subsection 6.3.3 discusses the impacts on income distribution 

among income brackets by region.  

6.3.1 Total impacts of the surcharge on the costs of living 

The effects of the EEG surcharge on regional households are shown in Table 6.3. For each state, the 

first row (‗direct‘) refers to the direct effect of the surcharge on households and the second row 

(‗total‘) refers to the total impact on households due to increases in consumer prices (see the second 

row of Table 6.2). The third row (‗wage‘) shows to what extends households pass-on increased costs 

of living through increased wage rates and the fourth row (‗net‘), finally, shows the net impact on 

households, i.e., the difference between the total increases in the costs of living and the amount they 

are able to pass-on.  

Considering the direct impacts on the cost of living of households, it can be observed from Table 6.3 

that the direct relative burden of the EEG surcharge decreases, the higher the income of a household is. 

This holds true for all regions and is in line with the findings reported by other authors (Bardt and 

Niehues, 2013; Grösche and Schröder, 2014; Lehr and Drosdowski, 2015): The highest direct burdens 

are predominantly felt by those households belonging to the lowest national decile, while households 

belonging to the top decile feel the lowest burden relative to their income. This regressive effect of the 

EEG surcharge can be explained by the high share of energy costs relative to gross income poorest 

households. Most remarkably, in Brandenburg and Hamburg the burden of the poorest households is 

up to three times greater than that of the wealthiest ones.  

The relative total impacts on the costs of living due to increased consumer prices are mainly 

determined by changes in two factors, which offset each other. Firstly, the share of private 

consumption in disposable income determines the extent to which increasing consumer prices are 

hurting. Wealthier households typically have much higher saving rates, so that the total impact relative 

to their disposable income is smaller, compared to low income households. The second factor is the 

average price increase of the consumption bundles purchased by the households. The more electricity 

is indirectly embodied in the consumption bundles, the larger the increase of average consumer prices 

is. Hessen, Baden-Württemberg and Bayern show a relatively even distribution of percentage impacts 

of increasing consumer prices, with the exception of the top decile. In the other states, by contrast, the 

file:///E:/EEG-Distribution/Paper/Price%20and%20Quantity.docx%23_ENREF_4
file:///E:/EEG-Distribution/Paper/Price%20and%20Quantity.docx%23_ENREF_4
file:///E:/EEG-Distribution/Paper/Price%20and%20Quantity.docx%23_ENREF_13
file:///E:/EEG-Distribution/Paper/Price%20and%20Quantity.docx%23_ENREF_18
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distribution of total increases in the cost of living is similar to that of the direct effect due to the 

surcharge payments by households. Particularly uneven distributions of the total burden at the expense 

of low income households can be observed in Saarland, Niedersachsen, Brandenburg, Sachsen-Anhalt 

and Thüringen.  

As regards to what is passed-on through changes in wage rates, it can be seen that households are 

never able to fully pass on their loss in costs of living, since labour compensation only accounts for a 

certain share of total income. The general pattern is that households with high shares of non-labour 

income receive the lowest compensation. This is generally the case for the deciles at the bottom, who 

receive large proportions of their income from public transfers, and for the households belonging to 

the top decile, where a large proportion of income consists of capital income.  

Taking both, the indirect impact on the costs of living and that what is passed-on, together does not 

alter the general pattern observed for the direct impact of the EEG surcharge, in the sense that the 

poorest households still experience the highest relative loss of income, while the wealthiest households 

suffer least. However, comparing the net impacts with the direct ones shows that for poorer 

households the burden tends to increase, while for wealthier households the burden decreases. The 

only exception is Hamburg, where the net impact is generally lower than the direct one across all 

income brackets. Therefore, from these results we can conclude taking indirect impacts into account 

makes the regressive direct effect of the surcharge even more regressive.    
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Table 6.3 Impacts of the surcharge on households by region and income bracket measured as 

percentage changes in gross income. 

State Impact 
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SH 

Direct -0.469 -0.478 -0.420 -0.336 -0.353 -0.331 -0.330 -0.371 -0.287 -0.243 

Total -0.891 -1.179 -0.595 -0.568 -0.570 -0.535 -0.487 -0.554 -0.415 -0.315 

Wages 0.166 0.425 0.260 0.281 0.270 0.278 0.274 0.347 0.268 0.183 

Net -0.725 -0.754 -0.335 -0.287 -0.299 -0.257 -0.213 -0.207 -0.148 -0.131 

HA 

Direct -0.618 -0.414 -0.398 -0.374 -0.366 -0.271 -0.305 -0.265 -0.228 -0.151 

Total -0.795 -0.618 -0.557 -0.541 -0.543 -0.415 -0.411 -0.394 -0.323 -0.250 

Wages 0.185 0.221 0.274 0.300 0.336 0.227 0.230 0.245 0.189 0.125 

Net -0.610 -0.397 -0.283 -0.241 -0.207 -0.188 -0.181 -0.148 -0.134 -0.125 

NI 

Direct -0.529 -0.468 -0.439 -0.426 -0.413 -0.347 -0.327 -0.311 -0.286 -0.225 

Total -0.944 -0.778 -0.664 -0.695 -0.652 -0.577 -0.527 -0.534 -0.431 -0.317 

Wages 0.175 0.306 0.323 0.361 0.327 0.296 0.293 0.341 0.287 0.197 

Net -0.769 -0.472 -0.342 -0.333 -0.325 -0.281 -0.234 -0.193 -0.143 -0.120 

BR 

Direct -0.707 -0.525 -0.497 -0.398 -0.378 -0.347 -0.333 -0.338 -0.275 -0.219 

Total -0.997 -0.825 -0.759 -0.635 -0.657 -0.551 -0.532 -0.570 -0.455 -0.301 

Wages 0.236 0.303 0.355 0.270 0.297 0.249 0.303 0.383 0.324 0.168 

Net -0.761 -0.522 -0.403 -0.364 -0.361 -0.302 -0.229 -0.186 -0.131 -0.133 

NRW 

Direct -0.604 -0.603 -0.447 -0.427 -0.431 -0.365 -0.344 -0.324 -0.282 -0.233 

Total -0.929 -0.908 -0.708 -0.702 -0.711 -0.622 -0.549 -0.555 -0.450 -0.367 

Wages 0.163 0.294 0.315 0.357 0.371 0.323 0.304 0.336 0.280 0.219 

Net -0.766 -0.615 -0.393 -0.345 -0.340 -0.299 -0.245 -0.218 -0.170 -0.148 

RP 

Direct -0.738 -0.639 -0.450 -0.458 -0.398 -0.431 -0.356 -0.399 -0.268 -0.262 

Total -1.039 -0.973 -0.725 -0.745 -0.680 -0.694 -0.565 -0.651 -0.445 -0.406 

Wages 0.181 0.280 0.326 0.369 0.366 0.372 0.320 0.391 0.273 0.240 

Net -0.858 -0.693 -0.399 -0.376 -0.314 -0.321 -0.244 -0.260 -0.172 -0.166 

HE 

Direct -0.467 -0.439 -0.399 -0.348 -0.377 -0.358 -0.336 -0.300 -0.262 -0.216 

Total -0.694 -0.661 -0.609 -0.567 -0.604 -0.549 -0.485 -0.493 -0.373 -0.342 

Wages 0.118 0.194 0.297 0.322 0.340 0.285 0.255 0.295 0.212 0.176 

Net -0.576 -0.467 -0.312 -0.246 -0.263 -0.264 -0.230 -0.199 -0.162 -0.166 

BW 

Direct -0.570 -0.427 -0.361 -0.424 -0.372 -0.357 -0.357 -0.334 -0.276 -0.229 

Total -0.794 -0.682 -0.581 -0.657 -0.612 -0.587 -0.560 -0.552 -0.457 -0.361 

Wages 0.155 0.185 0.261 0.318 0.281 0.304 0.326 0.334 0.303 0.213 

Net -0.639 -0.497 -0.320 -0.339 -0.332 -0.283 -0.234 -0.218 -0.155 -0.148 

BY 

Direct -0.557 -0.445 -0.382 -0.385 -0.340 -0.331 -0.295 -0.315 -0.281 -0.212 

Total -0.784 -0.684 -0.624 -0.615 -0.591 -0.568 -0.477 -0.530 -0.442 -0.349 

Wages 0.173 0.209 0.293 0.318 0.331 0.324 0.277 0.316 0.265 0.189 

Net -0.611 -0.475 -0.331 -0.296 -0.260 -0.243 -0.200 -0.214 -0.177 -0.160 

SL 

Direct -0.642 -0.598 -0.435 -0.343 -0.446 -0.394 -0.380 -0.358 -0.343 -0.286 

Total -0.973 -0.936 -0.727 -0.640 -0.766 -0.699 -0.567 -0.624 -0.555 -0.431 

Wages 0.122 0.299 0.409 0.309 0.434 0.405 0.338 0.397 0.367 0.263 

Net -0.851 -0.637 -0.318 -0.331 -0.332 -0.294 -0.229 -0.227 -0.188 -0.168 

BE 

Direct -0.547 -0.406 -0.394 -0.342 -0.286 -0.219 -0.251 -0.223 -0.245 -0.205 

Total -0.870 -0.714 -0.625 -0.591 -0.555 -0.415 -0.434 -0.360 -0.396 -0.343 

Wages 0.139 0.292 0.320 0.307 0.291 0.211 0.250 0.210 0.269 0.228 

Net -0.731 -0.422 -0.305 -0.284 -0.263 -0.204 -0.183 -0.151 -0.128 -0.114 
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BB 

Direct -0.727 -0.405 -0.443 -0.411 -0.375 -0.372 -0.330 -0.318 -0.298 -0.230 

Total -1.129 -0.823 -0.717 -0.737 -0.703 -0.677 -0.597 -0.565 -0.454 -0.352 

Wages 0.221 0.325 0.352 0.341 0.304 0.321 0.353 0.378 0.321 0.209 

Net -0.908 -0.497 -0.365 -0.396 -0.399 -0.356 -0.244 -0.186 -0.133 -0.143 

MV 

Direct -0.556 -0.483 -0.424 -0.394 -0.371 -0.306 -0.363 -0.350 -0.281 -0.217 

Total -0.794 -0.760 -0.672 -0.681 -0.640 -0.548 -0.588 -0.601 -0.430 -0.359 

Wages 0.149 0.240 0.321 0.374 0.337 0.276 0.319 0.366 0.255 0.187 

Net -0.645 -0.520 -0.352 -0.307 -0.302 -0.272 -0.269 -0.235 -0.175 -0.172 

S 

Direct -0.528 -0.409 -0.341 -0.360 -0.344 -0.358 -0.301 -0.310 -0.300 -0.238 

Total -0.894 -0.774 -0.619 -0.689 -0.691 -0.665 -0.535 -0.588 -0.506 -0.346 

Wages 0.145 0.335 0.285 0.337 0.351 0.342 0.329 0.398 0.363 0.230 

Net -0.750 -0.439 -0.335 -0.353 -0.340 -0.323 -0.206 -0.190 -0.143 -0.115 

SA 

Direct -0.534 -0.443 -0.408 -0.447 -0.414 -0.369 -0.368 -0.356 -0.266 -0.245 

Total -0.970 -0.846 -0.664 -0.811 -0.763 -0.655 -0.652 -0.633 -0.435 -0.336 

Wages 0.177 0.346 0.301 0.390 0.378 0.335 0.403 0.439 0.316 0.227 

Net -0.793 -0.501 -0.364 -0.421 -0.384 -0.320 -0.249 -0.195 -0.119 -0.110 

TH 

Direct -0.681 -0.527 -0.438 -0.416 -0.372 -0.357 -0.314 -0.335 -0.273 -0.266 

Total -0.971 -1.192 -0.728 -0.771 -0.715 -0.696 -0.560 -0.591 -0.498 -0.413 

Wages 0.117 0.406 0.326 0.320 0.288 0.350 0.314 0.364 0.321 0.247 

Net -0.854 -0.786 -0.403 -0.451 -0.427 -0.345 -0.246 -0.226 -0.177 -0.166 

Source: Own calculations. Federal states: 1. Schleswig-Holstein (SH), 2. Hamburg (HA), 3. Niedersachsen (NI), 4. Bremen (BR), 5. 

Nordrhein-Westfalen (NRW), 6. Rheinland-Pfalz (RP), 7. Hessen (HE), 8. Baden-Württemberg (BW), 9. Bayern (BY), 10. Saarland (SL), 

11. Berlin (BE), 12. Brandenburg (BB), 13. Mecklenburg-Vorpommern (MV), 14. Sachsen (S), 15. Sachsen-Anhalt (SA), 16. Thüringen 

(TH). Results: 1. Direct refers to the direct effect of surcharge paid by households, 2. Total refers to the total loss on the costs of living due 

to increases in consumer prices, 3. Wage refers increased cost of living that are passed-on through increased wage rates and 4. Total is the 

sum of 2. and 3. 
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6.3.2 The effects on the regional distribution of value added and disposable income 

Effects of the operation of RE power plant 

The direct effects on regional industries and households due to the operation of renewable plants in 

2011 are summarized in Table 6.4. As regards to industries,     
  denotes changes in the demand for 

intermediate inputs for operating RE plants in the regions, while         
 

 denotes the respective 

change in intermediate demand of fossil-fired power plants, which is caused by crowding out of non-

renewable electricity. The direct impacts on the income of households include the labour 

compensation of firms operating RE power plants,     
  and revenues from feed-in tariffs to private 

investors     
 . These direct impacts are those, whose derivations are described in Section 6.2. The net 

loss of income due to the surcharge,      
 , results from the price model (see the ‗total‘ rows in Table 

6.3).    

It can be observed that the direct net impacts on industries and households strongly oppose each other. 

While the generation of electricity from renewable sources leads to a nationwide increase in effective 

demand of more than €1.4 billion, households experience a strong decrease in income of more than 

€1.8 billion. Except for Brandenburg (BB) and Mecklenburg-Vorpommern (MV), all states experience 

a negative direct impact on the real income of households. The most substantial burden is borne by 

households in Nordrhein-Westfalen (NRW), because of relatively small income gains from the 

operation of renewables. As opposed to the direct net impact on households, industries experience 

positive effects in almost all regions, with the exception of NRW and BB, since the majority of the 

German lignite mines and lignite-fired power plants are located in these regions. The conventional 

power plants in the other regions are mostly based on hard coal and natural gas, which are mainly 

imported from abroad.      
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Table 6.4 Direct changes in the demand for intermediate and labour inputs for regional industries and 

income of households due to the increased operation of renewables (million €). 

State 
Industries Households 

               Total                  Total 

SH 134 -23 111 15 112 -167 -40 

HA 70 -35 35 4 7 -97 -86 

NI 349 -86 263 51 298 -407 -57 

BR 22 -3 19 1 2 -39 -36 

NRW 374 -512 -138 92 210 -1,016 -713 

RP 97 -17 80 55 80 -253 -117 

HE 160 -20 140 52 72 -336 -213 

BW 308 -78 230 124 246 -614 -244 

BY 526 -88 438 245 495 -750 -10 

SL 17 -8 9 9 11 -56 -36 

BE 48 -7 41 5 6 -160 -149 

BB 156 -159 -2 14 130 -137 7 

MV 77 -2 76 7 73 -67 13 

S 101 -80 21 23 68 -187 -96 

SA 121 -61 60 12 97 -112 -3 

TH 69 -6 63 15 59 -115 -41 

Total 2,628 -1,183 1,445 723 1,966 -4,512 -1,823 

Source: Own calculations. Federal states: 1. Schleswig-Holstein (SH), 2. Hamburg (HA), 3. Niedersachsen (NI), 4. Bremen (BR), 5. 

Nordrhein-Westfalen (NRW), 6. Rheinland-Pfalz (RP), 7. Hessen (HE), 8. Baden-Württemberg (BW), 9. Bayern (BY), 10. Saarland (SL), 

11. Berlin (BE), 12. Brandenburg (BB), 13. Mecklenburg-Vorpommern (MV), 14. Sachsen (S), 15. Sachsen-Anhalt (SA), 16. Thüringen 

(TH). Results: 1.   ̂   changes in the demand for intermediate inputs for operating and maintaining RE plants 2.          changes in 

intermediate demand for fossil-fired power plants. Direct effects on the income of households include the labour compensation of firms 

operating and maintaining RE power plants 3.      labour compensation of firms operating and maintaining RE power plants, 4.      

revenues from feed-in tariffs paid to private investors, 5.   ̂     net loss of income due to changes in consumer prices and wage rates.   
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From the direct impacts associated with the operation of RE plants shown in Table 6.4, total impacts 

on value added (other than labour compensation) and disposable income are computed using the 

formulas shown in Table 6.1. The outcomes are presented in Figure 6.4, where total impacts on 

regional disposable income of households are shown in the top panel and the respective total impacts 

on value added (other than labour compensation) are shown in the bottom panel. On the positive side, 

the solid bars represent the total impacts corresponding to     ,       and      (ordered from dark 

blue to light blue), while on the negative side the hatched bars represent total effects corresponding to 

the loss of demand from fossil-fueled power plants      and the impact of the surcharge (derived 

from the price model) on the cost of living (translated into exogenous monetary income losses), 

      , respectively. The black dots refer to the percentage total net impacts on value added (other 

than labour compensation) and disposable income of industries and households, respectively.  

Nationwide, households experience a net total loss of €1.6 billions of disposable income (top panel). 

On the positive side, about €3.5 billion of disposable income is related to the operation of renewables 

and can be subdivided into total effects generated by the revenues received by households owning RE 

plants (55%), labour income generated along the supply chains for the operation of RE plants (25%) 

and the total effects generated by the labour compensation of maintenance workers (20%). However, 

these gains are more than offset by the negative effects of the surcharge and the drop in effective 

demand due to the decreased generation of fossil-based electricity, which amounts to a total negative 

effect of about €5.1 billion, to which the surcharge contributes more than 91%.   

Only a few regions experience small positive effects, such as Bayern (BY, €61 m), Mecklenburg-

Vorpommern (MV, €33 m) and Sachsen-Anhalt (SA, €0.1 m). This outcome can be explained by two 

factors. On the one hand, the states of Bayern and Sachsen-Anhalt are among those states with the 

highest installed capacities of renewables per capita and therefore receive high revenues from the 

surcharges. Mecklenburg-Vorpommern, on the other hand, has the lowest per capita payments of 

surcharges of all regions, which are low enough not to offset the rather average gains compared to the 

size of the region. Although Brandenburg has the highest per capita capacities of renewables the total 

net effect on households is slightly negative. As one of the two regions with considerable resources of 

lignite, Brandenburg experiences relatively large negative impacts from the replacement of fossil-

based electricity.  

By contrast, in all other states the total net impacts on the disposable income of households are 

negative. Again, by far the most substantial negative impacts are felt in NRW (-792m) followed by 

Baden-Württemberg (BW, -178m) and Hessen (HE, -165m). In the case of NRW and BW, these 

outcomes can be explained by the above average energy intensity of their economies due to their 

specialization in manufacturing. The only states where the loss of demand related to the operation of 

fossil-based power plants leads to significant losses in disposable income are NRW and Brandenburg, 

due to their dependence on lignite from local mines.  
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Taking percentage total net impacts on disposable income with the respective data for 2011 delivers 

quite a different picture. Here in particular the city states of Berlin (BE, -0.24), Bremen (BR, -0.24) 

and Hamburg (HA, -0.17) are among the states that experience the largest relative net loss of 

disposable income. This can be explained by the very low per capita capacities of renewables, which 

leads to low inflows of feed-in tariffs, as well as low intraregional demands from operation costs of 

renewables. Apart from the city states, the largest relative net losses of disposable income can be 

observed in NRW (-0.22) and Saarland (SL, -0.19). One of the main reasons for this outcome is that 

renewable capacities are far below the national average. In the case of NRW and Saarland, above 

average negative impacts from the surcharge and, especially for NRW, the replacement of fossil-based 

electricity are also of great importance.   

The nationwide total effect on value added (other than labour compensation; bottom panel) of 

industries due to the operation of RE is only slightly positive with about €226 million, as opposed to 

the strong negative impact on households. Especially the loss of income due to the surcharge 

constitutes a significant burden for industries and offsets the positive effects to a large extent. In 10 out 

of 16 regions positive total net impacts can be observed, with Bayern (€186 million) at the top of the 

ranking in terms of absolute impacts followed by Niedersachsen (€72 million). The former is the 

centre of electricity generation from photovoltaics and biomass, while the latter has the largest 

capacity of wind power plants.  

If only the positive impacts on value added (other than labour compensation) are taken into account, 

Nordrhein-Westfalen would be ranked second, but the substantial negative impacts more than offset 

the positive ones. Consequently, NRW is again at the bottom of the ranking. On the one hand, the 

region has a very high market share of manufactured products and, therefore, benefits to a large extent 

from the operation of renewables in other German regions, which compensates the relatively low RE 

capacities in NRW itself to some extent. The large negative impacts, on the other hand, result from a 

combination of a large population, an energy-intensive economy and the dependence of the fossil-

fuelled power plant park on local lignite mining.  

Taking percentages to the size of the regional economies, states experiencing the largest negative total 

net impact are the city states of Berlin (-0.08), Hamburg and Bremen (both negative but almost zero) 

as well as the regions of NRW (-0.07), Saarland (-0.02) and Sachsen (-0.05). All of these regions have 

in common that their share of RE capacity is low compared to the size of their economies. At the top, 

in particular Mecklenburg-Vorpommern (0.18) experiences the largest positive percentage net gain, 

followed by Schleswig-Holstein (0.1) and Sachsen-Anhalt (0.08). In the case of the latter three states, 

the results can be explained by share of feed-in tariffs in combination with a below average gross 

regional product per capita.  
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Figure 6.4 Total effects on regional disposable income (top panel) and value added (bottom panel) 

caused by the nationwide operation of RE plants (m €).   

 

Source: Own calculations. Federal states: 1. Schleswig-Holstein (SH), 2. Hamburg (HA), 3. Niedersachsen (NI), 4. Bremen (BR), 5. 

Nordrhein-Westfalen (NRW), 6. Rheinland-Pfalz (RP), 7. Hessen (HE), 8. Baden-Württemberg (BW), 9. Bayern (BY), 10. Saarland (SL), 

11. Berlin (BE), 12. Brandenburg (BB), 13. Mecklenburg-Vorpommern (MV), 14. Sachsen (S), 15. Sachsen-Anhalt (SA), 16. Thüringen 

(TH). 
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The effects of the production of RE plants 

The direct impacts of investment in and export of RE plants on regional industries and households are 

shown in Table 6.5. In column 1 and column, 4      and      respectively refer to the demand for 

intermediate and labour inputs directed to regional industries and households by companies, who 

produce RE power plants for capital formation in Germany and abroad. By contrast          and 

         refer to the drop in demand for products and labour inputs due to crowded-out investment in 

fossil-fuelled power plants that would deliver the same assured capacity as the newly installed RE 

power plants in 2011. Compared to the direct effects of the operation of renewables, which showed 

strongly opposing impacts on industries and households, the direct net impacts shown in Table 6.5 are 

completely positive and exceed the effects of operation by far. The main reason is that most renewable 

technologies have high fixed, but very low variable cost. At the same time, the whole effect of capital 

formation occurs at one point in time, while the costs of the subsidy to stimulate investments are 

spread over the following twenty years.  
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Table 6.5 Direct impacts on regional industries and households caused by investment in and export of 

RE plants and crowded-out investment in fossil-fuelled power plants (m€). 

State 
Industries Households 

  ̂     ̂       Total   ̂     ̂       Total 

SH 292 -8 284 86 0 86 

HA 373 -9 365 45 0 45 

NI 953 -52 902 278 -7 271 

BR 126 -7 119 26 0 26 

NRW 1,956 -245 1,711 303 -16 287 

RP 349 -18 331 80 -3 77 

HE 874 -36 837 175 -3 172 

BW 1,474 -69 1,405 266 -2 264 

BY 1,958 -59 1,900 360 -6 354 

SL 85 -18 67 11 0 11 

BE 368 -15 353 70 -2 68 

BB 485 -32 453 144 -2 142 

MV 177 -5 172 60 0 60 

S 755 -36 719 160 -1 159 

SA 634 -14 620 166 -2 164 

TH 573 -8 565 153 0 152 

Total 11,434 -631 10,803 2,382 -46 2,336 

Source: Own calculations. Federal: 1. Schleswig-Holstein (SH), 2. Hamburg (HA), 3. Niedersachsen (NI), 4. Bremen (BR), 5. Nordrhein-

Westfalen (NRW), 6. Rheinland-Pfalz (RP), 7. Hessen (HE), 8. Baden-Württemberg (BW), 9. Bayern (BY), 10. Saarland (SL), 11. Berlin 

(BE), 12. Brandenburg (BB), 13. Mecklenburg-Vorpommern (MV), 14. Sachsen (S), 15. Sachsen-Anhalt (SA), 16. Thüringen (TH). Results: 

1.   ̂   intermediate demand of producers of RE power plants for capital formation in Germany and abroad, 2.   ̂       change in 

intermediate demand due to crowded-out investment in fossil-fuelled power plants 3.     labour compensation of producers of RE power 

plants, 4.   ̂       changes in labour compensation due to crowded-out investment in fossil fueled power plants.  
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The total impacts on regional households (top panel) and industries (bottom panel) corresponding to 

the direct impacts are shown in Figure 6.5. In Germany as a whole, domestic investment and exports 

of RE power plants generates a total net effect of about €4.2 billion of disposable income and about 

€7.5 billion of value added (other than labour compensation). Relative to the sizes of their regional 

economies the five eastern German states experience by far the largest positive net impacts, both in 

terms of disposable income and in terms of value added. This outcomes results mainly from the fact 

that the majority of Germany‘s photovoltaics industry and substantial shares of producers of wind 

energy converters are located here, which underline the great importance of these industries for the 

economically underdeveloped eastern states. About 50% to 60% of the total impacts on value added in 

these states are generated directly by companies who produce RE plants, while the remainder is 

generated along the supply chains to satisfy intermediate input requirements and private consumption 

caused by labour income generated directly and indirectly. In most other states, by contrast, less than 

30% of the effects on value added are directly related to producers of RE plants. In particular Bayern, 

Baden-Württemberg and Nordrhein-Westfalen have a high share of indirect impacts with only value 

added due to their substantial market shares in the supply of intermediates and consumer products in 

Germany. Steel producers in NRW, for example, strongly benefit from the production of wind energy 

converters in the neighbouring state of Niedersachsen.   
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Figure 6.5 Total effects on regional disposable income (top panel) and value added (bottom panel) 

caused by the nationwide production of RE power plants and crowded-out investments in fossil-

fuelled power plants (m€).   

 

 Source: Own calculations. Federal states: 1. Schleswig-Holstein (SH), 2. Hamburg (HA), 3. Niedersachsen (NI), 4. Bremen (BR), 5. 

Nordrhein-Westfalen (NRW), 6. Rheinland-Pfalz (RP), 7. Hessen (HE), 8. Baden-Württemberg (BW), 9. Bayern (BY), 10. Saarland (SL), 

11. Berlin (BE), 12. Brandenburg (BB), 13. Mecklenburg-Vorpommern (MV), 14. Sachsen (S), 15. Sachsen-Anhalt (SA), 16. Thüringen 

(TH). 
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6.3.3 The effects on the distribution of income among households 

In this subsection, the total net impacts of the operation (see Figure 6.4) and production (see Figure 

6.5) of RE power plants on disposable income of regional households by income bracket are 

considered. These effects are summarized in Table 6.6.  

In terms of the impacts caused by the operation of RE power plants, it can be seen that particularly in 

those regions with relatively low capacities of renewables the vast majority of households are 

negatively affected. In the city states of Berlin (BE), Hamburg (HA) and Bremen (BR) and in the 

western and southwestern German states of Nordrhein-Westfalen (NRW), Rheinland-Pfalz (RP), 

Baden-Württemberg (BW) and Saarland (SL) hardly any income bracket experiences a positive total 

net impact. In the case of the city states, the installation of significant capacities of renewable 

electricity is considerably hampered by the scarcity of space, while in western and southwestern 

Germany a combination of low per capita capacities with large and relatively energy-intensive 

manufacturing sectors are responsible for the negative total net impacts. At the bottom of the income 

distribution, households are affected by a substantial loss of disposable income of between 0.47% and 

0.84%, depending on the importance of renewables for the regional economy. Despite the fact that 

these households cannot afford to invest in RE, the significant losses can additionally be explained by 

low employment rates, which results in low compensation by labour income generated along the 

supply chains.  

In contrast to this, in those regions with significant capacities of renewables such as Bayern (BY), 

Brandenburg (BB), Niedersachsen (NI), Sachsen-Anhalt (SA) and Schleswig-Holstein (SH), the 

revenues received by households owning RE facilities, as well as the labour income generated along 

the supply chains are sufficiently high to ensure a positive total net impact for those households 

belonging to the three to four income brackets at the top.  

Considering the total net impact on disposable income directly and indirectly linked to the production 

of new RE power plants follows a significantly different pattern, both in terms of scale as well as in 

terms of the distribution among income brackets. Most remarkably, with the exception of Berlin and 

Sachsen, households at the top of the income distribution do not receive the largest percentage of net 

benefit. The main reason for this outcome is that these households receive only relatively small 

fractions labour income, but relatively large fractions of capital income compared to lower income 

brackets. In addition, the spread between the relative gains in disposable income between the third and 

the top decile is substantially smaller compared to the effects of the operation of renewables.  
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Table 6.6 Total percentage net effects of the operation and production of RE power plants on 

disposable income of households by region and income bracket.   

State Impact 
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SH 

Operation -0.022 -0.036 -0.012 -0.009 -0.011 -0.008 0.003 0.008 0.021 0.067 

Production -0.008 -0.007 -0.004 -0.002 -0.004 -0.001 0.001 0.007 0.011 0.007 

Total -0.030 -0.043 -0.016 -0.011 -0.015 -0.009 0.004 0.015 0.033 0.073 

HA 

Operation -0.021 -0.011 -0.006 -0.003 -0.001 0.001 0.003 0.007 0.010 0.022 

Production -0.009 -0.005 -0.001 0.001 0.005 0.000 0.001 0.006 0.005 -0.003 

Total -0.030 -0.016 -0.007 -0.002 0.004 0.001 0.004 0.013 0.015 0.019 

NI 

Operation -0.018 -0.019 -0.012 -0.012 -0.013 -0.011 -0.001 0.006 0.016 0.064 

Production -0.005 -0.002 0.001 0.002 0.000 -0.001 0.001 0.005 0.005 -0.005 

Total -0.023 -0.021 -0.011 -0.010 -0.014 -0.012 0.000 0.011 0.021 0.059 

BR 

Operation -0.018 -0.015 -0.010 -0.008 -0.009 -0.003 0.006 0.012 0.020 0.024 

Production -0.005 -0.006 0.002 -0.003 0.001 -0.009 -0.001 0.014 0.014 -0.007 

Total -0.023 -0.021 -0.008 -0.010 -0.007 -0.013 0.005 0.026 0.034 0.017 

NRW 

Operation -0.011 -0.012 -0.007 -0.007 -0.008 -0.007 0.000 0.004 0.014 0.034 

Production -0.004 -0.003 -0.002 -0.001 -0.001 -0.001 0.000 0.003 0.005 0.006 

Total -0.015 -0.015 -0.009 -0.008 -0.009 -0.008 -0.001 0.007 0.019 0.040 

RP 

Operation -0.014 -0.015 -0.009 -0.009 -0.006 -0.009 0.001 0.001 0.016 0.044 

Production -0.004 -0.002 0.001 -0.001 0.000 0.001 0.002 0.004 0.003 -0.004 

Total -0.018 -0.017 -0.007 -0.010 -0.006 -0.007 0.003 0.005 0.019 0.040 

HE 

Operation -0.009 -0.010 -0.005 -0.003 -0.003 -0.005 0.000 0.003 0.010 0.024 

Production -0.005 -0.005 -0.001 0.002 0.003 0.000 0.000 0.004 0.003 -0.002 

Total -0.014 -0.015 -0.006 0.000 0.000 -0.005 0.000 0.006 0.013 0.021 

BW 

Operation -0.007 -0.011 -0.006 -0.007 -0.010 -0.008 -0.002 0.001 0.012 0.038 

Production -0.003 -0.005 -0.002 -0.002 -0.004 -0.002 0.000 0.002 0.009 0.006 

Total -0.009 -0.016 -0.008 -0.009 -0.013 -0.010 -0.002 0.003 0.022 0.044 

BY 

Operation -0.012 -0.013 -0.010 -0.008 -0.007 -0.008 0.001 0.002 0.009 0.045 

Production -0.004 -0.005 -0.002 -0.001 0.000 0.001 0.001 0.003 0.006 0.001 

Total -0.016 -0.018 -0.012 -0.009 -0.007 -0.007 0.003 0.005 0.015 0.046 

SL 

Operation -0.016 -0.019 -0.005 -0.006 -0.007 -0.005 0.004 0.006 0.014 0.035 

Production -0.004 -0.003 -0.001 0.000 0.003 0.003 0.000 0.001 0.005 -0.002 

Total -0.019 -0.022 -0.006 -0.007 -0.004 -0.003 0.003 0.006 0.019 0.032 

BE 

Operation -0.031 -0.015 -0.006 -0.004 -0.002 0.003 0.007 0.009 0.013 0.026 

Production -0.016 -0.008 -0.003 -0.001 -0.001 -0.003 -0.001 0.001 0.011 0.021 

Total -0.046 -0.023 -0.009 -0.005 -0.003 0.000 0.006 0.010 0.024 0.047 

BB 

Operation -0.032 -0.027 -0.019 -0.019 -0.025 -0.022 0.000 0.016 0.025 0.102 

Production -0.017 -0.011 -0.003 -0.006 -0.013 -0.010 0.008 0.014 0.022 0.016 

Total -0.048 -0.038 -0.021 -0.025 -0.037 -0.032 0.008 0.030 0.047 0.117 

MV 

Operation -0.013 -0.018 -0.009 -0.008 -0.009 -0.011 0.006 0.006 0.013 0.042 

Production -0.003 0.003 0.006 0.008 0.006 0.002 0.011 0.009 0.008 -0.050 

Total -0.015 -0.015 -0.003 0.000 -0.003 -0.009 0.016 0.015 0.021 -0.008 

S 

Operation -0.026 -0.015 -0.010 -0.012 -0.015 -0.013 0.006 0.012 0.021 0.052 

Production -0.021 -0.011 -0.010 -0.008 -0.007 -0.007 0.003 0.012 0.024 0.025 

Total -0.048 -0.026 -0.020 -0.020 -0.022 -0.020 0.009 0.024 0.045 0.077 

SA 

Operation -0.038 -0.028 -0.018 -0.022 -0.025 -0.014 0.013 0.017 0.033 0.083 

Production -0.033 -0.017 -0.013 -0.010 -0.014 -0.014 0.016 0.030 0.031 0.023 

Total -0.070 -0.044 -0.031 -0.032 -0.039 -0.029 0.029 0.047 0.063 0.106 
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TH 

Operation -0.019 -0.028 -0.010 -0.017 -0.018 -0.016 0.006 0.012 0.024 0.066 

Production -0.019 -0.014 -0.005 -0.014 -0.020 -0.004 0.005 0.018 0.028 0.023 

Total -0.037 -0.041 -0.015 -0.030 -0.038 -0.019 0.011 0.030 0.052 0.089 

Source: Own calculations. Federal states: 1. Schleswig-Holstein (SH), 2. Hamburg (HA), 3. Niedersachsen (NI), 4. Bremen (BR), 5. 

Nordrhein-Westfalen (NRW), 6. Rheinland-Pfalz (RP), 7. Hessen (HE), 8. Baden-Württemberg (BW), 9. Bayern (BY), 10. Saarland (SL), 

11. Berlin (BE), 12. Brandenburg (BB), 13. Mecklenburg-Vorpommern (MV), 14. Sachsen (S), 15. Sachsen-Anhalt (SA), 16. Thüringen 

(TH). Results: 1. Operation refers to the total net-effect of the operation of RE power plants.  2. Production refers to the total net-effect of 

the production of RE power plants for domestic capital formation and exports, 3. Total is the sum of percentage changes. 

Considering both sources (i.e., operation and production) of impacts together turns the overall effects 

on disposable income from a net loss into a net gain for the majority of households. This especially 

concerns those regions that experience strong negative total net impacts on disposable income from 

the operation of RE plants, such as the western and southwestern states of BW, RP and HE, as well as 

the city states. Here, only those households belonging to first and second decile of national income 

bracket are negatively affected, as these states strongly benefit from interregional spillover effects. 

Similarly, NRW also strongly benefits from interregional spillover effects. However, contrary to the 

aforementioned states, the very strong negative impacts of the surcharge lead to a situation where only 

the four income brackets at top experience a positive total net impact. The large spill-over effects in 

the western and southwestern part of the country (especially in BW and NRW) stem from their strong 

specialization in manufacturing. As a result, these states absorb large proportions of intermediate and 

final demand for manufactured goods from other regions. However, the total net impact on the 

disposable income of the poorest households remains negative. In the case of the city states, by 

contrast, the majority of positive impacts come from neighbouring states of NI, SH and BB, who are 

among those states experiencing strong positive impacts. In particular, trade and business related 

service industries located in the cities benefit from these. 

Table 6.7, finally, shows whether the share of an income bracket in total disposable income of its state 

of residence increases or decreases (measured in percentage points), because of the impacts from 

operation and production of RE facilities (see the ‗total‘ rows in Table 6.6). Therefore, the values in 

Table 7 show how an income bracket is affected compared to other income brackets in the same state. 

While the majority of income brackets experience positive total net impacts (see Table 6.6), it can be 

observed that households below the national median income predominantly lose shares in the total 

disposable income of their states. In contrast to this, the majority of income brackets above the 

national median income can expand their shares. Households at the top of income distribution receive 

large portions of exogenous capital income and, therefore, gain relatively little benefit from labour 

income generated along the supply chain of producers and operators of RE power plants. For this 

reason, it can be observed that in seven out of sixteen states such households lose shares in their 

region‘s total disposable income. The income from labour is rather concentrated in the second and 

third deciles.      
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Table 6.7 Total net changes in an income bracket‘s share in total regional disposable income caused 

by the operation and production of RE power plants (percentage points). 

State 
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SH -0.030 -0.043 -0.016 -0.011 -0.015 -0.009 0.004 0.015 0.033 0.073 

HA -0.030 -0.016 -0.007 -0.002 0.004 0.001 0.004 0.013 0.015 0.019 

NI -0.023 -0.021 -0.011 -0.010 -0.014 -0.012 0.000 0.011 0.021 0.059 

BR -0.023 -0.021 -0.008 -0.010 -0.007 -0.013 0.005 0.026 0.034 0.017 

NRW -0.015 -0.015 -0.009 -0.008 -0.009 -0.008 -0.001 0.007 0.019 0.040 

RP -0.018 -0.017 -0.007 -0.010 -0.006 -0.007 0.003 0.005 0.019 0.040 

HE -0.014 -0.015 -0.006 0.000 0.000 -0.005 0.000 0.006 0.013 0.021 

BW -0.009 -0.016 -0.008 -0.009 -0.013 -0.010 -0.002 0.003 0.022 0.044 

BY -0.016 -0.018 -0.012 -0.009 -0.007 -0.007 0.003 0.005 0.015 0.046 

SL -0.019 -0.022 -0.006 -0.007 -0.004 -0.003 0.003 0.006 0.019 0.032 

BE -0.046 -0.023 -0.009 -0.005 -0.003 0.000 0.006 0.010 0.024 0.047 

BB -0.048 -0.038 -0.021 -0.025 -0.037 -0.032 0.008 0.030 0.047 0.117 

MV -0.015 -0.015 -0.003 0.000 -0.003 -0.009 0.016 0.015 0.021 -0.008 

S -0.048 -0.026 -0.020 -0.020 -0.022 -0.020 0.009 0.024 0.045 0.077 

SA -0.070 -0.044 -0.031 -0.032 -0.039 -0.029 0.029 0.047 0.063 0.106 

TH -0.037 -0.041 -0.015 -0.030 -0.038 -0.019 0.011 0.030 0.052 0.089 

Source: Own calculations. Federal states: 1. Schleswig-Holstein (SH), 2. Hamburg (HA), 3. Niedersachsen (NI), 4. Bremen (BR), 5. 

Nordrhein-Westfalen (NRW), 6. Rheinland-Pfalz (RP), 7. Hessen (HE), 8. Baden-Württemberg (BW), 9. Bayern (BY), 10. Saarland (SL), 

11. Berlin (BE), 12. Brandenburg (BB), 13. Mecklenburg-Vorpommern (MV), 14. Sachsen (S), 15. Sachsen-Anhalt (SA), 16. Thüringen 

(TH).      

6.4 Conclusion 

The objectives of this paper are twofold: Firstly, to examine the net impacts, as well as their spatial 

distribution, of the promotion of renewable energies on industries and households in Germany‘s 16 

federal states and, secondly, to analyse the effect on the distribution of real disposable income among 

income brackets. Methodologically, extended multiregional I-O quantity and price models are 

developed based on a multiregional supply-use table (MRSUT). Compared to many other impact 

assessments based on I-O models, where only positive gross impacts are examined, we additionally 

take offsetting negative impacts into account, in order to get the net impacts. In the context of 

promoting renewables in Germany, these stem from the financing of subsidies through a surcharge on 

electricity prices and from to the crowding-out of fossil-based electricity and capacities of 

conventional plants. In contrast to earlier studies that only considered the isolated effects of surcharges 

and revenues on the distribution of income at the national level, our setup allows us to study the 

impacts of labour income generated along regionally dispersed supply chains, as well as the regional 

and social distribution.  

The results suggest that the extent to which a region directly and indirectly benefits from production of 

RE power plants is what finally determines whether or not a region as a whole and the majority of 

households experience positive net impacts. Especially in the states of Nordrhein-Westfalen and 
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Baden-Württemberg, substantial amounts of value added and income are generated due to their role as 

suppliers of intermediate and consumer products. The same holds true for the city states, whose 

positive effects are almost exclusively due to backward effects, since there is almost no RE generation 

capacity. However, it must be noted that the effects impacts by the production of RE plants on 

households and industries are only indirectly related to the EEG mechanisms, as they crucially depend 

on the ability of German producers to hold or expand their market shares in Germany and abroad.  

In terms of the increased operation of renewables, the results show a slightly positive net impact on 

value added (other than labour compensation) in the majority of states and in particular in those with 

substantial per capita capacities of renewables. At the same time, a significant decrease in disposable 

income can be observed, which is predominantly caused by the impacts of the surcharge on the level 

of consumer prices. Furthermore, it is found that this drain in disposable income has a regressive 

character, in that low income households bear the largest percentage losses of disposable income, 

while only a few households at the top of the distribution receive a benefit.  

Finally, it should be noted that the study presented here does not constitute a complete cost-benefit 

analysis in terms of welfare, as it concentrates on the impact of renewables on monetary transactions 

between economic agents only. Ultimately, the goal of the transition of the German energy system 

towards one that is based on renewable energies is climate protection. However, the distribution of 

monetary costs and benefits across regions and societal groups constitutes an important determinant 

for the wide acceptance of these policy measures and, thus, for their successful implementation.    
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6.A Constructing of the labour input and labour income distribution 

matrices 

Labour input requirements by region and level of qualification  

Starting point for the construction of the labour input coefficient matrix,  , are regional vectors of total 

labour compensation per unit of gross output by industry. In a first step the employer‘s shares of social 

security contributions are deduced and added to the row representing value added other than labour. 

This operation is based on national data available from the Federal Statistical Office about the shares 

of employer‘s contributions of social security contributions in total labour cost by industry.  In a 

second step labour compensations by region and industry are split into three different levels of 

education (ISCED classification). This is carried out based on data about number hours worked in 

2011 by region, industry and education level based on information from Eurostat‘s labour force 

survey. For the construction of the required ratios, the numbers of working hours are weighted by 

average earnings per hour by industries at the national level. In a final step, commuting coefficients 

are used to reallocate labour compensations from the region of work to the regions of residence of 

workers. 

Distribution of labour income.    

The matrix depicting the distribution of labour income among regional income brackets,   (i.e., the 

market shares of households by income bracket in the supply of labour inputs), is constructed based on 

data from the Income and Expenditure Survey (EVS) 2008, which offers information about the 

education level of the main income earner of the household, the amount of monthly labour income and 

the region of residence. Since the column totals of   are equal to one, we can derive the coefficients 

from the EVS data by computing the shares of labour income (by education level) received by regional 

income-brackets in total regional labour income by qualification level. Implicitly, it is assumed that 

main income earners do not work below their level of education. This assumption is necessary, 

because EVS data contain information about the highest educational achievement of the main income 

earner of a household, but no information about whether the educational requirements of his or her 

occupation correspond to that achievement.  
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6.B Data sources and processing for deriving direct impacts 

The feed-in tariff 

From a National Account‘s perspective the total value of feed-in tariffs paid to owners of RE power 

plants within a year constitutes the gross output of renewable electricity. These are from BdEW (2012) 

and distinguish four different technologies: Photovoltaics, wind, water and biomass. These region- and 

technology-specific outputs are, then, broken down according to their cost structures, including 

intermediate demand for maintenance and biomass,     , labour compensation,     , and revenues 

to private owners,     .      

The estimation of intermediate inputs used for the operation of RE power plants (maintenance) is 

primarily based on survey data, which has been used for a series of studies for the German Ministry of 

Economics and Energy (Lehr et al., 2011; Lehr et al., 2012; Ulrich et al., 2012; Lehr and Ulrich, 

2014). Information about the monetary values of the biomass (produced in Germany) used for the 

production of electricity and heat on the national level in 2009 is taken from Lehr et al. (2011). These 

are split into the use for heat and the use for electricity production, as these are joint products, whereby 

the EEG itself only compensates the production of electricity. For adjusting to 2011 and regionalizing 

biomass demands, proportionality to the electrical capacity installed is assumed, based on time series 

data provided by the German Ministry of Economic Affairs and Energy. In order to derive the direct 

impact of these intermediate demands at the place of production, interregional and international trade 

coefficients from the German MRSUT are used.    

For the derivation of labour compensation, shares of labour compensation by level of education in 

value added of the repair and maintenance sector are used as a proxy. These are applied to the regional 

value added figures, which is can be estimated from the survey data (i.e., those on which intermediate 

demands for maintenance are based) as a residual. For the distribution of labour compensation across 

regional income-brackets, it is assumed that it follows the average regional distribution of labour 

income as displayed in the income distribution account of the MRSUT (see 6.A). The difference 

between gross outputs (i.e., the total amounts of feed-in tariffs received), intermediate and labour 

inputs consists of capital costs and revenues.     

Technology-specific capital costs are estimated based on a time series of annual investments between 

2001 and 2011 into the four technologies considered here. From these, depreciation and interest costs 

are computed. For depreciations, a linear rate over a period of 20 years is assumed, as investors 

receive a guaranteed feed-in tariff for that period of time. The annual costs of interest of a RE power 

plant newly installed in a certain year are based on the respective average interest rate of federal bonds 

with maturity of 10 years in the year of installation. Since the ownership structure of RE is very 

diverse including international, national, and regional energy suppliers, investment funds, banks, 

private households and farmers, it is only possible to reasonably allocate revenues in cases where 
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private households and farmers are the owners. For this reason, only revenues that can be allocated to 

private households and farms are considered here. It is assumed that the share in ownership of private 

households and farmers in total installed capacity by technology at the regional level is equal to that of 

the nation. The respective shares are taken from Maron et al. (2011). The distribution of revenues from 

wind, biomass and water among household-types in each region is assumed to be the same as the 

distribution of self-employed incomes in 2008, using EVS data. This approach is reasonable, as 

private investors legally become owners of an electricity supply company. In the case of photovoltaic 

electricity, only the self-employed income of households owning their house is considered, as the vast 

majority of PV panels are installed on the roofs of the house owners. 

The surcharge 

The difference between the spot-market price of electricity and the feed-in tariff constitutes a subsidy 

for promoting expansion of renewable energies in Germany. For financing this subsidy a surcharge on 

electricity prices is raised from consumers. The direct impact of the surcharge is measured as 

surcharge payments relative to gross output for industries and relative to gross income for households. 

In the following,         denotes the percentage change in the costs of production of industries, where 

    represents the relative change in electricity prices due to the surcharge and    the electricity inputs 

per unit of gross output. Correspondingly,       denotes the percentage increase in the costs of living 

of households due to the surcharge.  

Region-specific information about inflows of feed-in tariffs in 2011 is available from BdEW (2012), 

such that the task is to allocate these regional totals to industries and households by income-bracket. 

At first, the shares of regional surcharges paid by households are computed on the basis of micro data 

from the German income and expenditure survey (henceforth EVS, 2008), which delivers total 

electricity costs (i.e., including the surcharge) of households by region and income bracket. The share 

of surcharges in gross-income is derived through updating these shares from 2008 to 2011 with data 

on levels of the surcharge and regional private income totals for 2011. The latter are available from 

regional accounts (VGR der Länder). In 2011 the surcharge was approx. 3.53 ct/kWh, which makes 

out 14% of household‘s electricity price (BdEW, 2012). The difference between the surcharge paid by 

a region in total and the fraction of it paid by households yields the amount that is paid by industries.  

For the allocation of this remainder across regional industries, the exemptions for those industries 

considered as energy-intensive have to be taken into account, as these pay a drastically reduced 

surcharge (0.05 ct for each kWh exceeding 10 GWh). Therefore, the estimation of surcharge payments 

is carried out separately for those industries eligible for the reduced surcharge (mining, manufacturing 

and railway transport) and those, who are not. The monetary value of the reduced surcharge by region 

and industry is derived from the so-called privileged electricity use (i.e., the amount of electricity to 

which the reduced surcharge applies) provided by Federal Office of Economics and Export Control 

(BAFA) for industries at the national level and regional totals. The amount of privileged electricity by 
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regional industries is estimated by assuming that the ratios of privileged to total electricity at the 

national and the regional level are equal, in a first step. Afterwards these estimates are adjusted to 

regional totals and the national values by industry using biproportional adjustment, i.e., RAS. The 

privileged amount of electricity used, multiplied by the reduced surcharge, plus the non-privileged 

amount multiplied by the normal surcharge, then, delivers the costs of the surcharge for regional 

mining and manufacturing industries. Dividing these values by the gross output, finally, delivers the 

direct percentage increase in the cost of production of those industries eligible for the reduced 

surcharge. The remainder (i.e., total regional payments of those industries not eligible for the reduced 

surcharge) is then distributed across industries on the basis of their intermediate consumption of 

electricity.            

The preferred feed-in 

Due to the preferred feed-in, each kWh generated from renewable sources substitutes a kWh of 

electricity that would have been generated in fossil fuelled or nuclear fuelled power plants. In a first 

step, the volume of electricity substituted by renewables is distributed proportionally over power plant 

types (hard coal, soft coal, gas and nuclear) and regions according to their respective shares in the total 

electricity supply in Germany in 2011. The corresponding decrease in the demand for fuels and 

maintenance is calculated using updated information from the power plant data of the IKARUS project 

(Wehowski et al., 1994). As these power plants are still required as back-up capacities, but just run 

fewer hours per year, there is no direct link to possible reductions of the power plant‘s staff. Instead, 

owners of fossil fuelled power plants suffer from a devaluation of their capital. However, this effect is 

not considered here, as only effects that influence cash flows can be traced within an input-output 

model. The direct impact on the intermediate demand for fuel and maintenance is denoted with 

        . Finally, international trade coefficients from the German MRSUT are used to subtract those 

shares in intermediate demand that are satisfied from suppliers abroad, whereas interregional trade 

coefficients are used to direct the remainder from the states of demand to those states where the inputs 

are produced.  

The production of RE power plants for domestic investment and export 

The region and technology-specific intermediate input requirements,     , as well as the demand for 

imports, gross output and, by definition, value added of producers of RE power plants are based on 

survey data. These have been used for several studies for the German the Ministry of Economic 

Affairs and Energy (Lehr et al., 2011; Lehr et al., 2012; Ulrich et al., 2012; Lehr and Ulrich, 2014). As 

for the operating RE power plants, the labour compensation,     , associated with the production of 

RE power plants in Germany is estimated by applying the shares of labour compensation by education 

level in value added of similar sectors to the value added of producers of RE power plants. For 

photovoltaics we use the corresponding coefficients of the electrical equipment industry, whereas for 

wind, water and biomass the corresponding coefficients of the machinery industry are used. For the 
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distribution of labour compensation across regional income-brackets it is assumed that it follows the 

average regional distribution of labour income as displayed in the income distribution account of the 

MRSUT (see 6.A).    

Crowded-out investments into fossil fuelled power plants. 

 For determining to what extend RE capacity installed in 2011 can replace conventional power plant 

capacity we use the concept of assured capacity. This is a statistical figure that describes the fraction 

of the installed capacity that can be considered to be constantly available. Estimates of the assured 

capacity of the existing stock of RE power plants are taken from Prognos (2011). The resulting 

equivalent capacity of conventional power plants is allocated to regions and plant types assuming that 

renewables installed in 2011 replace fractions of the existing stock of fossil fuelled power plants. The 

intermediate demand associated with investments into fossil fuelled power plants is represented by 

          , while          denotes the compensation of staff operating the power plants. These are 

calculated on the basis of cost structures taken from Wolf (2004).    

As above, interregional and international trade coefficients are used for the spatial distribution of 

intermediate demands, while labour distribution coefficients of the MRSUT are used to distribute 

labour income across regional income brackets.  

6.C The extended Multiregional Supply-Use Table and Models 

The framework used to account for the regional and social distribution effects of the EEG is based on 

a Multiregional Supply-Use table with extended accounts for the generation of labour income and its 

distribution among different regions and income brackets. The Accounting framework is shown in 

Table 6.C.1, while its components and the indices used are shown in Table 6.C.2 and Table 6.C.3, 

respectively. There are in total four types of accounting balances that must be fulfilled in the 

framework:  

i) The financial balance of industries requires that total output by industry      is equal to the sum 

of costs of production, comprising intermediate inputs from Germany     and abroad   , labour 

inputs    , and value added other than labour compensation   . 

(  )                    ,                  (6.C.1) 

where   is a unit-vector of appropriate length for the summation over rows of a matrix and the prime 

refers to transposition.  

ii) The financial balance of households requires that total gross income of households  , consisting of 

labour income    and exogenous income  , is equal to the sum of expenditures for private 

consumption of German products    , imports from abroad     and the part of gross income not 

devoted to consumption   (i.e., savings, income taxes and social security contributions):   
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           (    )    .                              (6.C.2) 

iii) The commodity-balance requires that total supply of products        is equal to the total use of 

these products for intermediate consumption   , domestic private consumption    and exogenous 

final demand of German regions   and exports to the rest of the world   

          (   )                      (6.C.3) 

iv) The labour-balance states that total demand for labour at education level   from workers living in 

region  ,   , has to be equal to the total supply of labour at education level   by household-type   

from region       : 

   (   )                        (6.C.4) 
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Table 6.C.1 Structure of the extended multiregional supply-use accounting framework. 

Entities  Industries Households Products Labour  Exog. 

Final 

dem. 

RoW Total 

 Regions 1     1     1     1     

In
d
u

st
ri

es
 1                    

                   

                     

H
o

u
se

h
o
ld

s 1                      

                    

                       

P
ro

d
u

ct
s 1                                    

                          

                                     

L
ab

o
u

r 
 1                         

                     

                          

Exog. value added                            

RoW                              

Total                                    

Source: Own elaboration. 
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Table 6.C.2 List of variables of the accounting framework shown in Table 6.C.1 

Block 
Generic 

Element 
Description 

      
  Supply of product   by industry   from region   

     
  total output by industry   from region   

       
   intermediate use of product   produced in region   by industry   from region   

       
   

compensation of labour for workers of education level   living in region   and working 

for industry   in region   

       
  Total intermediate use of imports from the rest of the world by industry i from region s 

       
  

value added other than labour compensation (the sum of net operating surplus, 

depreciation, net taxes on products and net taxes on production) of industry i from region 

s 

       
   

private consumption of product   produced in region   by households belonging to 

income-bracket   in region   

       
  

Total final consumption of products imported from the rest of the world by income-

bracket   in region   

     
  

Part of the gross income of households belonging to income-bracket h in region s not 

spend for private consumption (sum of savings, income taxes, net taxes on products and 

the employee‘s share to social security contributions) 

      
  

Gross compensation of labour received by households of education level   belonging to 

income-bracket   in region    

     
  

Total exogenous income (comprising public transfers and capital income) received by 

income-bracket h in region s 

     
  Total supply of product   by region   

     
  Exports the rest of the world of product   by region   

     
  Total labour income of workers of education level   living in region 

Source: Own elaboration. 
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Table 6.C.3 List of indices used in the accounting framework and in the I–O models. 

Indices 

  Description Classified by Index Range 

Regions 

Delivering Region -              
Receiving Region -              

Economic Actors 

Industries Industries (NACE Rev. 1.1)             
Households Income-Brackets (National Deciles)             

Transactions of 

Products  Products (CPA)              
Labour Education levels (ISCED)            

Source: Own elaboration. 
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6.C.1 The quantity model 

The derivation of the quantity model starts with the use of products and labour-inputs:  

.
  
  

/.
 
 
/  .

   
 

/  .
 
 
/                   (6.C.5) 

For the endogenous use of products and labour-inputs the following coefficient-matrices can be 

defined, based on the usual assumptions that products and labour are used in fixed proportions: 

    ̂   is a block matrix of intermediate use coefficients, whose generic element    
   denotes the 

amount of product   from region   used provide one unit of ouput by industry   in region  . The 

generic element    
   of the block matrix of labour-input coefficients,     ̂  , denotes the amount of 

labour at education level   provided by residents of region   that is used per unit of output of industry 

i in s.  Finally,     ̂   is a block matrix, whose generic element    
   denotes the demand for 

product   from region   per unit of gross income of income bracket   in region  .  Making use of these 

coefficients Equation 6.C.5 can be rewritten as:  

.
 
 
/  .

  
  

/ .
 
 
/  .

   
 

/                    (6.C.6) 

On the supply-side, coefficient-matrices can be defined in a similar manner, assuming that products 

and labour-inputs are provided at fixed market shares by regional industries and income brackets 

respectively:     ̂   is a block-diagonal matrix of market-shares depicting the supply of products. 

Their generic element    
  denotes the market share of industry   in the total supply of product   by 

region  . The generic element    
  of the block-diagonal matrix,     ̂  , denotes the market share 

of income bracket   in region   in the total supply of labour-inputs at education level   by households 

residing in region  . Using these coefficients, the supply-side can be expressed as:  

.
 
 
/  .

  
  

/ .
 
 
/  .

 
 
/.                               (6.C.7) 

Substituting (6.C.6) into (6.C.7) yields 

.
 
 
/  .

    
   

/ .
 
 
/  . 

(   )
 

/                  (6.C.8) 

Solving (6.C.8) for (  ) , finally, yields the extended quantity model for the effects of changes in 

the exogenous demand for products  (   ) and in exogenous income     on industry output     

and gross income of households   :  

.
  
  

/  (
      

    (    )    
) .

  (   )
  

/,                 (6.C.9) 
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where  

  (         )    

is the supply-use version of a multiregional industry-by-industry extended Leontief-Inverse and 

  (    (    )    )
  

  

is the supply-use version of a multiregional Miyazawa-Inverse. 

6.C.2 The price model 

The derivation of the extended price model starts with the definition of the costs of production of 

industries and the costs of living of households: 

(
 ̂  
  ̂ 

)
 

.
 
 
/  .

  

  
/
 

.
  
  

/  .
  

  
/
 

.
     
    /,              (6.C.10) 

where    and    are vectors with indices representing the costs of production and the costs of living, 

and the hat indicates a diagonalized vector.     and    are vectors with index-prices for products and 

labour inputs and    and    are index-vectors for the prices of the exogenous cost components of 

industries (imported intermediates and other value added) and households (imported consumer 

products, savings and taxes).  

The unit-costs of industries and households are found by substituting     ,      and      

into Equation 6.C.10 and post-multiplying with (      )̂  , which yields  

.
  

  
/
 

 .
  

  
/
 

.
  
  

/  .
  

  
/
 

(
  

  
),                (6.C.11) 

where    (     ) ̂   denotes the sum of demand for products from the rest of the world and 

exogenous value added (excl. labour compensation) per unit of output and    (    ) ̂   denotes 

the sum of outlays for imported products, savings and tax-payments per unit of gross income.  

On the supply-side, the assumption that industries and households fully pass on increases in the costs 

of production and in the costs of living on the prices of the products and labour inputs, respectively, be 

expressed as      

.
  

  
/
 

.
  
  

/  .
  

  
/
 

(
 ̂  

  ̂
)                 (6.C.12) 

In order to determine how increases in the costs-of-production and in the costs of living are passed on 

supply prices of commodities and labour, Equation 6.C.12 is post-multiplied by 

 (
 ̂  

  ̂
)
  

, 
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which yields  

.
  

  
/
 

 .
  

  
/
 

.
  
  

/ .                 (6.C.13) 

This implies that the price increase of a product (or labour) from a certain region is a weighted average 

of the increases in the costs of production (or costs of living) of supplying industries (or households), 

whereby the respective market shares,   (or  ), are used as weights. Substituting Equation 6.C.13 into 

(6.C.11) and solving for (    ) delivers the solution of the extended multiregional price model: 

.
  

  
/
 

 .
  

  
/
 

(
  

  
) (

      
    (    )    

)              (6.C.14) 

6.C.3 Modifications and exogenous estimates 

In its general form, the quantity model connects final demand for products and exogenous income 

components of households with gross output of industries and gross income of households. While this 

specification is appropriate in the case of investment into and exportation of RE power plants, it is 

inappropriate for analysing the effects caused by their operation in Germany. The reason is that neither 

the demand for intermediates and labour inputs nor the revenues generated by the operation of RE 

power plants (or fossil ones) represent exogenous variables. Instead they represent input requirements 

of the generation of electricity, whose generation and consumption by industries and households are 

endogenous components in the MRSUT. The same holds true for the price model, which, in its general 

form, connects price shocks in exogenous values-added of industries and outlays of households with 

their associated total impacts on the costs of production and the costs of living. Here, the surcharge 

refers to an endogenous component, namely the price of electricity.  

As a consequence, multiplying the models of Equation 6.C.9 and Equation 6.C.13 with endogenous 

components instead of exogenous ones will result in double-counting, as these appear twice in both 

models: Firstly, they are used as exogenous changes in demand and income (quantity model) or as 

exogenous changes in the cost of production and the cost of living (price model). Secondly, they are 

already embodied in the coefficient matrices  ,    and  , which are part of the Leontief and 

Miyazawa Inverses. As a consequence, total impacts of the operation of RE power plants are 

systematically upward-biased, if the standard versions of both models are used (Miller and Blair, 

2009). The problem of double-counting can be addressed by zeroing those rows that refer to the 

demand and supply of electricity in the coefficient-matrices  ,    and  . Due to this modification, 

demand and supply of electricity in the quantity model as well as the price of electricity in the price 

model becomes exogenous (Polenske, 1978 and Oosterhaven et al., 2003). 
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