
Andor, Mark; Frondel, Manuel; Vance, Colin

Working Paper

Installing photovoltaics in Germany: A license to print
money?

Ruhr Economic Papers, No. 590

Provided in Cooperation with:
RWI – Leibniz-Institut für Wirtschaftsforschung, Essen

Suggested Citation: Andor, Mark; Frondel, Manuel; Vance, Colin (2015) : Installing photovoltaics
in Germany: A license to print money?, Ruhr Economic Papers, No. 590, ISBN 978-3-86788-685-7,
Rheinisch-Westfälisches Institut für Wirtschaftsforschung (RWI), Essen,
https://doi.org/10.4419/86788685

This Version is available at:
https://hdl.handle.net/10419/123695

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dürfen die Dokumente nicht für öffentliche oder kommerzielle
Zwecke vervielfältigen, öffentlich ausstellen, öffentlich zugänglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfügung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewährten Nutzungsrechte.

Terms of use:

Documents in EconStor may be saved and copied for your personal
and scholarly purposes.

You are not to copy documents for public or commercial purposes, to
exhibit the documents publicly, to make them publicly available on the
internet, or to distribute or otherwise use the documents in public.

If the documents have been made available under an Open Content
Licence (especially Creative Commons Licences), you may exercise
further usage rights as specified in the indicated licence.

https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://doi.org/10.4419/86788685%0A
https://hdl.handle.net/10419/123695
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/


RUHR
ECONOMIC PAPERS

Installing Photovoltaics in Germany:  
A License to Print Money?

#590

Mark Andor
Manuel Frondel

Colin Vance



Imprint

Ruhr Economic Papers 

Published by

Ruhr-Universität Bochum (RUB), Department of Economics 
Universitätsstr. 150, 44801 Bochum, Germany

Technische Universität Dortmund, Department of Economic and Social Sciences 
Vogelpothsweg 87, 44227 Dortmund, Germany

Universität Duisburg-Essen, Department of Economics 
Universitätsstr. 12, 45117 Essen, Germany

Rheinisch-Westfälisches Institut für Wirtschaftsforschung (RWI) 
Hohenzollernstr. 1-3, 45128 Essen, Germany

Editors 

Prof. Dr. Thomas K. Bauer 
RUB, Department of Economics, Empirical Economics 
Phone: +49 (0) 234/3 22 83 41, e-mail: thomas.bauer@rub.de

Prof. Dr. Wolfgang Leininger 
Technische Universität Dortmund, Department of Economic and Social Sciences 
Economics – Microeconomics 
Phone: +49 (0) 231/7 55-3297, e-mail: W.Leininger@wiso.uni-dortmund.de

Prof. Dr. Volker Clausen 
University of Duisburg-Essen, Department of Economics 
International Economics 
Phone: +49 (0) 201/1 83-3655, e-mail: vclausen@vwl.uni-due.de

Prof. Dr. Roland Döhrn, Prof. Dr. Manuel Frondel, Prof. Dr. Jochen Kluve 
RWI, Phone: +49 (0) 201/81 49-213, e-mail: presse@rwi-essen.de

Editorial Office 

Sabine Weiler 
RWI, Phone: +49 (0) 201/81 49-213, e-mail: sabine.weiler@rwi-essen.de

Ruhr Economic Papers #590 

Responsible Editor: Manuel Frondel

All rights reserved. Bochum, Dortmund, Duisburg, Essen, Germany, 2015

ISSN 1864-4872 (online) – ISBN 978-3-86788-685-7
The working papers published in the Series constitute work in progress circulated to 
stimulate discussion and critical comments. Views expressed represent exclusively the 
authors’ own opinions and do not necessarily reflect those of the editors.



Ruhr Economic Papers #590

Mark Andor, Manuel Frondel, Colin Vance 

Installing Photovoltaics in Germany:  
A License to Print Money?



Bibliografische Informationen  
der Deutschen Nationalbibliothek

Die Deutsche Bibliothek verzeichnet diese Publikation in der deutschen National-
bibliografie; detaillierte bibliografische Daten sind im Internet über:  
http://dnb.d-nb.de abrufbar.

http://dx.doi.org/10.4419/86788685
ISSN 1864-4872 (online)

ISBN 978-3-86788-685-7



Mark Andor, Manuel Frondel, and Colin Vance1

Installing Photovoltaics in Germany:  
A License to Print Money?

Abstract
Using detailed data originating from several hundred households of the German 
Residential Energy Survey (GRECS), this paper empirically investigates the returns 
on investment in home-equipped photovoltaics (PV) installations. We find that these 
returns were particularly high in the years 2009 to 2011, when large subsidies for solar 
electricity coincided with plummeting module prices. While our empirical analysis 
demonstrates that such investments also incur substantial risks, there is evidence that, 
above all, wealthy households tend to benefit from the solar subsidies, whereas the 
costs of financing these subsidies are borne by electricity consumers at large, not least 
poverty-endangered households. The resulting redistribution of financial resources 
raises the question of whether the burden-sharing of Germany’s transition to an 
alternative energy system is fair.

JEL Classification: Q28, Q42, Q48 

Keywords: Solar subsidies, redistribution effects; German Residential Energy Consumption 
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1 Introduction 

Germany’s transition to an alternative energy system is mainly characterized by 

the promotion of renewable energy technologies and the phase-out of nuclear 

power by the end of 2022. This transition will inevitably lead to further increasing 

electricity prices (Frondel, Sommer, Vance, 2015) and bodes poorly for many 

low-income households. Power prices for German households have already dou-

bled since the introduction of the feed-in-tariff (FIT) promotion scheme for re-

newable energy sources (RES) in 2000.  

This promotion scheme, which is legally codified under the Renewable 

Energy Sources Act (Erneuerbare-Energien-Gesetz, EEG), has established itself 

as a global role model. FITs have been adopted by a wide range of countries 

throughout the world, even by countries with a high endowment of sun such as 

Australia (Nelson, Simshauser, Kelley, 2011; Nelson, Simshauser, Nelson, 2012). 

Among the countries of the European Union, FITs have become the most popular 

promotion scheme for RES (CEER, 2013). 

Under the EEG legislation, utilities are obliged to pay technology-specific 

feed-in tariffs far above own production costs to those who produce green elec-

tricity using alternative technologies, such as solar and wind power plants. Ulti-

mately, though, it is the industrial and private consumers who have to bear the 

costs induced by the promotion of renewable energy technologies through a sur-

charge on the price of electricity (Frondel et al., 2010). Between 2009 and 2015, 

this surcharge almost quintupled, rising from 1.31 euro cents per kilowatt-hour 

(kWh) to 6.17 ct/kWh (Figure 1). 

A key reason for this strong increase was the massive installation of pho-

tovoltaic (PV) capacities in recent years: At the end of 2014, total PV capacities 

exceeded 38 Gigawatt (GW), an amount that was more than six times higher than 

the 6 GW that had been installed until 2008 (BMWi, 2014a, Table 1). This is a 

consequence of the so-called solar boom in Germany, which primarily occurred in 
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the years 2010 to 2012 (Table 1), when the newly installed capacities exceeded 

7 GW each year.  

Figure 1: EEG Surcharge on Electricity Prices for the Promotion of Renewable Technologies in 
Cents per kWh 

Source: BDEW (2014) 

Table 1: Conventional and RES Capacities in Germany

Year Hydropower 
(MW) 

Onshore-
Wind 
(MW) 

Offshore-
Wind 
(MW) 

Photovoltaik 
(MW) 

Biomass 
(MW) 

RES 
Capacities 

(MW) 

Conventional 
Capacities 

(MW) 

2000 4,831 6,097 0 114 1,288 12,330 107,500 
2001 4,831 8,738 0 176 1,412 15,157 106,800 
2002 4,937 11,976 0 296 1,615 18,824 100,900 
2003 4,953 14,593 0 435 2,329 22,311 99,400 
2004 5,186 16,612 0 1,105 2,630 25,533 100,900 
2005 5,210 18,375 0 2,056 3,526 29,167 98,800 
2006 5,193 20,568 0 2,899 4,283 32,943 98,400 
2007 5,137 22,183 0 4,170 4,723 36,216 99,800 
2008 5,164 23,815 0 6,120 5,256 40,358 101,700 
2009 5,340 25,632 60 10,566 5,995 47,601 101,300 
2010 5,407 27,012 168 17,554 6,599 56,748 104,000 
2011 5,625 28,857 203 25,039 7,148 66,880 98,000 
2012 5,607 30,996 308 32,643 7,537 77,103 97,300 
2013 5,613 33,757 903 35,948 8,086 84,338 94,000 

Source: BMWi (2014a, b). With an installed capacity of 24 MW in 2013, geothermic systems are of negligi-
ble relevance and thus not included in the table. 

As a result, according to calculations by Frondel, Ritter, Schmidt (2008), 

Frondel et al. (2010) and Frondel, Schmidt, Vance (2014), the real net costs for all 

those modules installed between 2000 and 2014 amounts to almost 112 Bn euros 

(Table 2), while PV currently contributes just about 5% to total electricity produc-

tion. Triggered by these tremendous costs, there is a controversial debate on the 
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benefits and consequences of Germany’s solar boom. HEINDL, SCHÜßLER and LÖ-

SCHEL (2014: 509), for instance, argue that there are strong redistribution effects, 

as it is primarily homeowners who may benefit from the solar subsidies, while all 

the electricity consumers from the residential, industrial and other sectors have to 

bear the large burden of these subsidies (FRONDEL, SOMMER 2014). According to 

estimations by BARDT and NIEHUES (2013: 213ff.) on the basis of data from the 

German Socioecononmic Panel (GSOEP), about one million of the 42 million 

German households have installed PV modules so far, with which they realize 

annual surpluses of about one billion euros. More than half of these surpluses are 

garnered by households originating from the top three deciles of the income dis-

tribution (BARDT, NIEHUES, 2013: 217). Moreover, it is suspected that this redis-

tribution from rather poor to more wealthy households that own PV modules goes 

along with returns that are much larger than those of comparable investments.  

Table 2: Capacities and Net Costs of Germany’s Photovoltaics Promotion  
  Annual Capacity Increases and result-

ing Solar Electricity Yields 

  

Net Costs 

  MW Mio. kWh  Bn. € Bn. €2012

2000  53 43  0.389 0.413 

2001  110 89  0.802 0.836 

2002  110 89  0.752 0.768 

2003  139 112  0.889 0.890 

2004  670 542  4.779 4.690 

2005  951 769  7.338 7.057 

2006  843 682  6.094 5.748 

2007  1 271 1 028  8.595 7.951 

2008  1 950 1 577  12.316 11.175 

2009  3 794 3 068  19.810 17.642 

2010  7 406 5 988  30.230 26.443 

2011  7 485 6 054  20.628 17.761 

2012  7 522 6 083  9.610 8.229 

2013  3 304 2 671  1.902 1.649 

2014  1 899 1 536  0.516 0.456 

Total Net Costs 2000-2014: 124.650 111.708 

Sources: Annual Capacity Increases: BMU (2011), BNETZA (2015). Net Cost: Own calculations 
based on Frondel, Ritter, Schmidt (2008), Frondel et al. (2010) und Frondel, Schmidt, Vance

(2014). 
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To provide for an empirical basis for this speculation, this article estimates 

a bandwidth for the returns on investment in PV modules, employing detailed data 

originating from the German Residential Energy Survey (GRECS) for the years 

2007-2013. Based on the annual solar electricity yields and the PV capacities in-

stalled by several hundred households, we find that these returns were particularly 

high in the years 2009 to 2011, when large subsidies for solar electricity coincided 

with plummeting module prices. We also present evidence showing that income 

and wealth are significant correlates of PV installations. 

The following section describes the data basis and the basic assumptions un-

derlying our calculations. Section 3 presents our estimates of the returns, followed 

by a sensitivity analysis set out in Section 4. Section 5 analyzes econometrically 

the household-level correlates of PV installations. The last section summarizes 

and concludes. 

2 Data and Basic Assumptions 

Our empirical analysis draws on the data of three waves of the German Residen-

tial Energy Survey (GRECS) for the years 2006-2008, 2009-2010, and 2011-

2013. The number of households that participated in the surveys amounted to 

6,714, 7,125 and 8,561, respectively (RWI, forsa, 2011, 2013, 2015). These sur-

veys gathered energy-related information from participants, including the availa-

bility of PV installations and other alternative energy technologies at the house-

holds’ residence.  

In total, 563 households indicated that they own PV modules.1 About one 

fourth of them are among the high-income households, disposing of a monthly net 

income of more than 4,200 euros, whereas 8.2% of these households state that 

their net income is lower than 1,700 euros. These figures support the assumption 

that PV modules are more common in high-income households. This assumption, 

                                                 
1 The capacity distribution of these households’ PV installations is presented in Table A1 in the 

appendix. 
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which we verify below with a probit model, is confirmed by the fact that 90 % of 

those households with PV installations are owners of their residence.  

Of the 563 households with PV modules, only 294 provided all the infor-

mation that is required for calculating returns on investment, most notably the 

year of PV installation, the capacity in kilowatts (kW), as well as the individual 

solar electricity yield in 2013.2 Both the information on the year of installation 

and the capacity determine the individual feed-in tariff (FIT) in euros per kWh 

that a household receives for producing solar electricity and feeding it into the 

public grid. By multiplying the individual FIT with the annual solar electricity 

yield in 2013, the annual revenues from PV installations can be calculated.

To estimate the revenues not just for 2013, but for all those years since a 

household installed PV modules at home, we estimate the unknown solar electrici-

ty yields for the year t prior to 2013 by modulating the yields of 2013 on the basis 

of data on state-specific sunshine hours. In detail, the unknown solar electricity 

yield for the year t is calculated using the following equation:  

Solar electricity yield in t = Electricity yield in 2013 * # Sunshine hours in t /# Sunshine hours in 2013,      (1)

where the number (#) of annual sunshine hours for each of the 16 German federal 

states is provided by Deutscher Wetterdienst (DWD, 2015). This calculation is 

based on the assumption that the number of sunshine hours is the dominant de-

terminant of a PV module’s solar electricity yield, an assumption that appears to 

be warranted, as other factors, such as maintenance periods, are of minor im-

portance (BARDT, NIEHUES 2013: 216).  

Estimating the annual profits requires subtracting maintenance costs, an-

nual depreciation, and other costs from total revenues. To this end, for the base 

model we assume a linear depreciation rate over the period of 20 years during 

which it is legally ensured that households receive subsidies in the form of solar 

FITs. Annual maintenance costs are assumed to account for 1% of total installa-

tion costs (ACKER, 2015a; FINKE, 2015a; MADEL, 2015). Not included in the base 

                                                 
2 The mean solar electricity yield of these 294 households amounted to about 830 kWh per kW in 

2013. 
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model are insurance costs and the opportunity to finance the investment by loans, 

both of which are taken into account in our sensitivity analysis. Instead, the base 

model assumes that households had financed their PV investments entirely with 

their own money when calculating the return estimates presented in the following 

section.   

As we have no information on the individual acquisition costs, we have es-

timated each household’s investment amount on the basis a price index for ready-

to-use PV installations (ZIEGLER, 2015). In our sensitivity analysis, we have var-

ied this price information to account for the possibility that households may have 

paid substantially different prices than indicated by this price index.  

In determining the individual return on investment, it bears noting that the 

invested capital is not bound over the entire service life of the PV installation. 

This is because in each year operating revenues are generated that can be reinvest-

ed. We therefore invoke the simplifying assumption that, on average, the bound 

capital amounts to half of the acquisition costs over the life service of the module 

(see WÖHE, DÖRING 2008: 529). Accordingly, our calculation of the returns di-

vides the yearly profits by half of the one-time acquisition costs, I: 

     (2) 

where  denotes the solar electricity fed into the grid in year t,  is the guaran-

teed feed-in tariff, the annual depreciation, and  are the annual operating 

costs.  

3 Return on Investment Estimates  

As is evident from Table 3, a strong determinant of the return on investment is the 

year of installation: With average returns of more than 10%, the highest rents can 

be found for PV modules that were installed in the years 2009, 2010, and 2011. In 

contrast, the average return on investment is lowest for those modules that were 

installed in 2012. Across all PV installations of 2012, the mean return amounts to 

4.5% for 2013 (Table 3). 
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Similarly large discrepancies across the years of installation can be ob-

served for the annual surpluses: with an average of 306 euros per year and instal-

lation, the surpluses are lowest for those modules that were installed in 2012. In 

contrast, the highest mean surplus of 1,210 euros per annum results for the instal-

lation year 2010. This outcome is virtually identical to the surplus estimated by 

BARDT and NIEHUES (2013: 217) for the same year on the basis of theoretical as-

sumptions, rather than empirical evidence. These authors reckon that for modules 

with a capacity of 10 kW that were installed in 2010, the monthly surplus amounts 

to 100 euros.  

Table 3: Average Returns on Investment in PV Installations of German Households in the years 
2008 to 2013 

Year of installation Average 
sunshine 

(Hours/Year) 2007 2008 2009 2010 2011 2012 
2008 7.18%      1,623 
2009 7.39% 10.18%     1,678 
2010 5.90% 9.47% 9.91%    1,533 
2011 9.84% 10.31% 14.54% 15.36%   1,839 
2012 7.93% 8.32% 12.07% 12.89% 13.38%  1,662 
2013 5.50% 6.47% 9.21% 9.93% 10.46% 4.50% 1,488 
Mean 7.29% 8.95% 11.43% 12.73% 11.92% 4.50%  

# of obs. 15 20 44 91 60 64  
Federal        

bond rate 4.51% 4.62% 4.33% 3.60% 3.51% 2.49%  
EURIBOR 4.45% 4.81% 1.62% 1.35% 2.01% 1.11%  

Naturally, the return on investment varies with the sunshine hours per 

year. Per assumption, this is the sole factor that explains the differences in the 

return estimates presented in Table 3. In fact, the unknown solar electricity yields 

for any year t other than 2013 are calculated on the basis of Equation 1, in which 

the ratio of sunshine hours of year t and 2013 is an essential ingredient. From Ta-

ble 3 emerges that, in addition to the year of installation, the low number of sun-

shine hours in 2013 is an important factor in explaining the relatively low returns 

on investment in that year. On the other hand, irrespective of the year of installa-

tion, the highest returns result for 2011, the year with the highest number of sun-

shine hours within the period 2008 to 2013.  
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To compare the returns on investment in PV installations with the returns 

of alternative investments, two distinct interest rates are reported in Table 3: that 

of the EURIBOR (Euro Interbank Offered Rate) with a maturity period of 12 

months (DEUTSCHE BUNDESBANK 2015a, b) and the interest rate of a German 

government bond with a maturity period of 20 years, which corresponds to the 

period during which FIT payments for solar electricity generation are guaranteed. 

Table 3 reports the annual means of the monthly published interest rates of both 

these investment alternatives.  

It turns out that for 2008 the average return of 7.18% on PV modules that 

were installed in 2007 is substantially larger than the interest rates reported in Ta-

ble 2 for the same year. This spread grew notably in the aftermath of the global 

finance and debt crisis that emerged at the end of the last decade. The strong in-

crease in the relative profitability of PV installations after 2008 also becomes ap-

parent from the comparison of the evolution of installation costs and FITs (Figure 

2). Most notably, average installation costs shrank much more in the years 2009 to 

2011 than the FIT level, leading to particularly large returns for those modules 

that were installed in these years (BARDT, NIEHUES 2013: 216).  

Figure 2: Evolution of Installation Costs and Feed-in Tariffs for Photovoltaics 

Source: BDEW (2014), ZIEGLER (2015). 

4 Sensitivity Analysis 

We now investigate the robustness of our return estimates presented in the previ-

ous section. To this end, we alter several of the assumptions set out in Section 2. 
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For example, in addition to maintenance costs, we now also subtract insurance 

costs from the annual revenues.  

Insurance Costs 

Given potential damage due to storms, fire and hail, corresponding risk insurance 

is available. In addition to the compensation of module damages, such insurance 

typically also compensates for forgone FIT revenues (MEYER, 2015). Commonly, 

the annual premium for such insurance amounts to about 0.3-0.8% of total acqui-

sition costs (FINKE, 2015b). Along with operating costs and depreciation, the year-

ly insurance premium is subtracted from the FIT revenues when calculating the 

returns presented in Figure 3. While the resulting decreases in returns highlight 

the appreciable impact of insurance on the investment decision, the average re-

turns on PV units installed between 2009 and 2011 nevertheless remain in the 

double-digit percentage point range.  

Figure 3: Returns to PV Installations given different Insurance Premia  

Acquisition Costs 

As the survey did not include information on individual acquisition costs, these 

were estimated with the aid of a price index for ready-to-use installations. Recog-

nizing that the actual investment costs are likely to deviate from this reference 

line, we allow for variation in the acquisition costs ranging between -20% to 

+20%. The corresponding range in the estimated returns for modules installed in 

2010, the year with the most favorable ratio of costs to the FIT according to Fig-

ure 1, varies between 8.61% and 18.91% (Figure 4). This bandwidth highlights 

the importance of the acquisition costs for the obtainable return.  
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Figure 4: Effects of Variation in the Acquisition Costs on the Returns to PV Installations  

Replacement of the Converter 

Every PV system requires a so-called inverter to convert the generated electricity 

into the commonly used alternating current (AC). Converters typically have a ser-

vice life of about 10 years, depending on their quality (ACKER, 2015b). We can 

consequently assume that an inverter would need to be replaced on average one 

time during the 20 year period covered by the FIT. The cost of a new converter 

amounts to approximately 10% of the acquisition costs (ACKER, 2015b, ZAHN,

2015). The effect of these additional costs can therefore be seen from the curve in 

Figure 4 showing the returns corresponding to 10% higher acquisition costs than 

is assumed in the base model. 

Service Life of PV Installations 

In the absence of comprehensive historical values, it is typically assumed that PV 

installations have a service life of at least 20 years. PV manufacturers correspond-

ingly offer guarantees that span over 25 years (ACKER, 2015c). Some sources cite 

service lives that even stretch to 30 or 40 years (ELSNER, 2012). This would in-

crease the attainable returns beyond that suggested in the previous section by al-

lowing for the own-use of solar electricity following the expiration of support 

from the EEG. The possibility of a shortened service life, however, should also be 

considered. To compare these alternatives, Figure 5 presents the returns from the 

base model, which assumes a service life of 20 years, as well as the returns from 

alternative durations of 15, 25, and 30 years.  
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Figure 5: Effects of different PV Service Lives on Returns  

Figure 5 shows that reducing the service life from 20 to 15 years strongly 

reduces the returns. In the case of a PV module that was installed in 2012, this 

shortened 15 year service life would reduce the already relatively low returns 

from that year to 1.17%. On the other hand, a longer service life improves returns 

substantially: given a service life of 30 years, even units that were installed in 

2012 achieve a return of 7.83%. 

Debt Financing 

The base model assumes that households finance 100% of the acquisition costs 

with their own funds. A majority of PV installations, however, are financed with 

borrowed capital, as occurs when seed money is not available or when attractive 

terms on borrowing are offered that increase returns. In past years, one such 

source for favorable credit was the KfW (Kreditanstalt für Wiederaufbau), which 

financed a large share of PV investments (Figure 6). By 2012, the share of KfW-

financed PV installations in Germany had climbed rapidly to reach 50.7%. 

The important role of the KfW in this context suggests further exploration 

of the so-called “Credit 274” program, through which the KfW specifically target-

ed PV installations. This should serve as a good reference point for investments of 

this kind. Because only the currently prevailing effective interest rate is posted on 

the KfW internet site, we undertake the following sensitivity analysis by estimat-

ing rates for 2007 to 2012 by assuming a constant differential between the KfW 
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rate and the EURIBOR. This differential is calculated using the EURIBOR and 

the KfW effective interest rate for May 2015 as the reference point. 

Figure 6: KfW Share of Investments in PV Installations in Germany  

Source: Own calculations with data from ZSW (2013, 2012, 2011, 2010, 2009, 2008) 

Investments in PV installations are typically not financed entirely through 

loans. According to figures from the KfW, the debt-financed share varies by 80% 

(see also ISE, 2013: 11). This is confirmed by the figures in Table 4, which shows 

the debt-share of financing to vary between 70 and 80% for the years 2007 

through 2012.  

Table 4: Loan and Investment Volumes of the KfW for Photovoltaics (2007 – 2012) 

Year 2007 2008 2009 2010 2011 2012
Loan volume (in Bn. 

Euro) 1.7 2.5 3.8 6.8 3.9 3.9 

Investment volume (in 
Bn. Euro) 2.10 3.26 4.89 8.18 4.86 5.68 

Loan Investment Ratio 
(in %) 81% 77% 78% 83% 80% 69% 

Source: Own calculations with data from ZSW (2013, 2012, 2011, 2010, 2009, 2008) 

Debt financing of an investment can result in a leverage effect for the re-

turn on equity, rEK, when the investment return r exceeds the interest rate on the 

debt, rFK (WÖHE, DÖRING 2008: 661): 

rEK = r + V * (r - rFK),   (3) 
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where V is the debt to equity ratio: V = FK/EK. Favorable interest rates on debt 

accordingly improve the return on equity of an investment.  

Whether interest rates are favorable depends heavily on the creditworthi-

ness of a household, with higher rates corresponding to lower creditworthiness. 

This is seen from the rates of 1.35 %, 3.15 % and 7.75 % charged by KfW to 

households having a creditworthiness classification of good, average, and poor, 

respectively. Due to a lack of credit history information of households, we main-

tain this three-tiered classification in the comparison that follows.  

The results presented in Figures 7, 8, and 9 indicate that for the installation 

years from 2009 to 2011, returns on equity of 30% and more could be achieved. 

Given a debt ratio of 80% and a good credit rating of the household, a 50% return 

on equity was even possible. As Figure 8 shows, households with an average cre-

ditworthy classification could also secure returns on equity well above those cal-

culated in the base model.  

Figure 7: Return on Equity given a good Credit Rating of the Borrowing Household (DFS: Debt-
financed share) 

Poor creditworthiness is likely to be rare among households investing in 

PV installations. Nevertheless, a closer look at this circumstance in Figure 8 re-

veals that such investments do carry risks, in some instances leading to negative 

returns on equity for households having a poor credit history.  
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Figure 8: Return on Equity given an Average Credit Rating of the Borrowing Household (DFS: 
Debt-financed share)  

Figure 9: Return on Equity given a poor Credit Rating of the Borrowing Household (DFS: Debt-
financed share) 

Overall, these comparisons further confirm stark differences in returns ac-

cording to the year the PV installation is brought into service. While the returns 

on equity were as high as 20% over the years from 2009 to 2011, they dipped into 

negative territory for poor creditworthy households and installations in the years 

2007, 2008, and 2012. 
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5 Correlates of PV Installation 

Having demonstrated the potentially high returns from an investment in PV instal-

lations underwritten by Germany’s EEG, we now briefly turn to examine the 

characteristics of those households undertaking the investment. To this end, we 

estimate a probit model that relates the binary outcome of PV ownership to a suite 

of explanatory variables measuring household-level socio-economic attributes. 

These include dummy variables for various monthly income levels,3 a continuous 

measure of the age of the household head, and dummies indicating different 

household size categories, whether the home is privately owned, whether it is a 

free-standing single- or two-family home, and its location in the country. 

Table 5 presents the marginal effects estimated at the mean values of the 

explanatory variables, which reflect the change in probability corresponding to a 

unit change in the explanatory variables. Most of the estimates are statistically 

significant and all have plausible signs. Of particular interest from an equity per-

spective are the measures of income and wealth, both of which are seen to have 

positive associations with owing a PV installation. Specifically, those in the pe-

nultimate of the four income categories, who earn between 2,700 and 4,200 euros 

per month, have a probability of owning a PV installation that is 2.9 percentage 

points higher than those in the lowest income category, earning below 1,200 eu-

ros. A similar effect is seen for the highest income group, though it is not statisti-

cally significant. Even stronger effects are seen for the wealth indicators. Those 

owing their home have a 5.6 percentage points higher probability of owning a PV 

installation than non-owners, while the corresponding figure for owners of a free-

standing single or double house is 5.1 percentage points.  

Not surprisingly, the probability of PV ownership is highest in the south of 

Germany, roughly 10 percentage points higher than in the north, where the sun 

intensity is lower. Demographic factors also matter: each year of increase in the 

age of the household head lowers the probability by 0.1 percentage points, while 

larger household sizes increase the probability. A household having a size of 5 or 

                                                 
3 Our income measure is the sum of the household’s total wage- and investment income, subtract-

ing off the revenues generated from solar electricity.  
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more persons, for example, has a probability of owning a PV installation that is 7 

percentage points higher than a single-person household.  

Table 5: Probit model for Estimating the Probability of Owning a PV installation.  

Marginal Effects Robust Standard Errors
1,200<=income <2,700 0.011 0.014 

2,700<=income<4,200 0.029* 0.014 

4,200<=income 0.025 0.016 

Age of household head -0.001** 0.000 

2 person household 0.022 0.016 

3 person household 0.053* 0.021 

4 person household 0.044* 0.022 

5 or more person household 0.070* 0.029 

Own home 0.056** 0.009 

1 or 2 family home 0.051** 0.008 

South 0.096** 0.016 

West 0.034* 0.013 

East -0.013 0.015 
Number of Observations: 5,418 
Note: ** and * denote statistical significance at the 1% and 5 % level, respectively. 

6 Summary 

Evidence on the profitability of investments in PV-generated solar electricity has, 

with few exceptions (e.g. BARDT und NIEHUES 2013), been primarily anecdotal. 

The German Residential Energy Survey (GRECS), which RWI and forsa have 

implemented for over a decade under the commission of the Federal Ministry for 

Economic Affairs and Energy, contributes to filling this void in Germany, a coun-

try pursuing perhaps the most ambitious promotion of renewable energy globally. 

The survey regularly gathers detailed energy-related information from about 6,000 

to 8,000 households, among which are several hundred households owning a PV 

installation. For these households, data on the start-up year of the PV installation, 

its capacity, and its yearly solar electricity yield is available, thereby allowing for 

an estimation of its profitability.  

Our empirical analysis of the returns on investments in PV installations for 

the years 2008-2013 has demonstrated that the installation years from 2009 to 

2011 were particularly lucrative. This outcome can be attributed to the confluence 
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of high feed-in tariffs for solar electricity along with plummeting costs for the 

installations. We have also provided empirical evidence that those investing in PV 

installations tend to be wealthy households who have the requisite roof and open 

space available. Effectively, the high returns that these households enjoy on their 

investment are borne by the remaining electricity consumers, not least households 

threatened by energy poverty, who finance the substantial costs of PV promotion 

through higher electricity bills. Thus, aside from the highly dubious cost-

effectiveness of Germany’s Renewable Energy Law (Frondel et al., 2010), a fun-

damental question regarding its distributive impacts arises (Frondel, Sommer, 

Vance, 2015).  

This question assumes increasing urgency with the growing role of solar 

electricity for own-use in driving the expansion of PV installations in Germany. 

Operators of smaller installations having a capacity of up to 10 kilowatts (kW), as 

is usually the case for private households, are not required under the current legis-

lation to pay electricity taxes, levies, and other charges, such as network charges 

and the levy for promoting renewable power technologies, for electricity they 

generate and use themselves, implying increases in the electricity bills of the re-

maining residential electricity consumers. This discordance between those gener-

ating the solar electricity and those bearing the costs of this generation could lead 

to a self-reinforcing cycle: As levies and the network charges continue to grow 

due to the increasing own-use of solar electricity, so too will the incentives to 

produce more electricity for own-use (Bardt et al., 2014:94). 

Further rising electricity prices coupled with lower prices for PV and com-

plementary technologies, such as batteries for electricity storage, will only accel-

erate this process, especially as households realize opportunities for eventually 

becoming electricity-autarkic by exploiting storage capacities. Such a develop-

ment would not only have negative distributional implications. It would also be 

questionable for efficiency reasons, not least because alternative technologies that 

do not lend themselves to own-use, such as wind power, would be disadvantaged.  

Relative to a cost-minimizing outcome by the year 2025, Jägemann, Hag-

spiel and Lindenberger (2013:1) estimate the costs of the inefficiencies from 
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households that equip themselves with PV- and storage technologies to be 116 

billion euros (in prices of 2011). The extent of these inefficiencies could be much 

stronger if companies from industry and from the trade, commerce and services 

sector take advantage of these opportunities. Solarboom 2.0 may thus become 

reality, with the attendant costs, inefficiencies, and inequities brought by the first 

boom.  
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APPENDIX 

Table A1: Size distribution of PV installations in the survey  

Source: Own calculations 
  

Module size in kWp # households Share 
up to 5 117 34.1%
up to 10 150 43.7%
up to 15 50 14.6%
up to 20 10 2.9%
up to 30 8 2.3%
up to 40 8 2.3%
Total 343 100.0%
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