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 i 

Executive Summary 

Germany is one of the world’s major producers of photovoltaic products that convert sunlight 

radiation into electric energy. Within the photovoltaic value system, this thesis focuses on 

silicon solar cell and thin-film module manufacturers in Germany (termed the ‘solar cell 

industry’). The research is based on four pillars: (i) to assess how competitive the German 

solar cell industry is in an international comparison, (ii) to evaluate what types of location-

specific strengths and weaknesses Germany offers to the industry, (iii) to assess where these 

advantages reside, i.e. on the national or the regional level – the latter is founded in the 

agglomeration of firms in former East Germany, and (iv), to provide an outlook and 

recommendations to policy makers on how the industry can be strengthened. The outlook and 

the recommendations are based on location-specific advantages of Germany and ownership-

specific advantages of foreign and domestic firms in the industry. 

The analysis is based on macro- and microeconomic data. This paper follows important 

scholars in the field of competitiveness by assessing competitive advantage based on trade 

statistics. The industry study is supported by well-known and tested frameworks, including 

Dunning’s (1979) eclectic paradigm, an extensive diamond analysis inspired by Porter (1990), 

and Vernon’s (1966; 1988) product cycle. A firm study of 27 domestic and foreign firms with 

production capacity in Germany is utilized to assess ownership-specific advantages of firms. 

Key findings are as follows: first, trade statistics reveal that the industry is largely 

competitive taking the national account as the key measure. Second, Germany offers a variety 

of unique location-specific advantages that reside in almost all factors in the national diamond. 

Especially strong are supplier industries, knowledge resources, domestic rivalry, and domestic 

demand. Third, several important location-specific advantages reside in the regional level, esp. 

a very good local investment context, preferential labor market conditions and knowledge 

resources, and the presence of related industries. Firms utilize regional advantages by locating 

production in eastern Germany rather than former West Germany.  

This industry study has several major implications. First and foremost, Germany 

continues to be a save harbor, esp. for foreign firms investing into solar cell manufacturing 

and research and development. Second, Germany is a preferred location for firms trying to 

commercialize proprietary technology. Third, Germany lost its position as a preferred location 

for proven technologies, such as crystalline silicon cells – due to higher production costs, the 

rise of new markets, and the desire to locate closely to these new markets. 
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Glossary 

 

Comtrade:  United Nations Commodity Trade Statistics Database 

Crystalline solar cells: ↑ Solar cells made from ↑ wafers of crystalline ↑ silicon 

Erneuerbare-Energien-Gesetz: 

German Renewable Energy Sources Act from 2000, a feed-in tariff 

scheme that remunerates producers of renewable energy with fixed 

rates (per kWh of energy output) 

Energy conversion efficiency: 

Denotes what share of sunlight radiation is converted into electric 

energy 

Foreign Direct Investment: 

“ [A] category of investment that reflects the objective of 

establishing a lasting interest by a resident enterprise in one 

economy (direct investor) in an enterprise (direct investment 

enterprise) that is resident in an economy other than that of the 

direct investor. The lasting interest implies the existence of a long-

term relationship between the direct investor and the direct 

investment enterprise and a significant degree of influence on the 

management of the enterprise. The direct or indirect ownership of 

10% or more of the voting power of an enterprise resident in one 

economy by an investor resident in another economy is evidence of 

such a relationship.” (OECD 2009) 

In the firm sample, only firms with individual foreign investors 

holding a share of 50 % or more were considered ‘foreign 

managed’. 

Grid: The power utility network 
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Grid-connected systems: Photovoltaic installations (↑ solar systems) that are connected to the 

energy network. Grid-connected centralized systems perform the 

functions of power stations that provide bulk energy to the grid. 

Grid-connected distributed systems provide customers directly with 

electricity and are often installed on the premises of the customer, 

e.g. on house roofs of residential or industrial houses. (IEA 2007) 

Grid parity:  Describes the point at which the generation cost of photovoltaic 

electricity equals the retail price of electricity (EPIA 2009c) 

Ingots: Blocks of ↑ mono- or multi-crystalline ↑ silicon that are cut into 

thin slices to obtain ↑ wafers (Richter et al. 2008) 

Inverters: Complex electronic devices that convert direct current into 

alternating current for feeding-in electric energy from a ↑ solar 

system into the ↑ grid (Richter et al. 2008) 

Mono-crystalline cells: ↑ Solar cells that are made of homogenous ↑ ingots that were 

produced based on single crystals (in comparison to ↑ multi-

crystalline cells) 

Multi-crystalline cells: ↑ Solar cells that are made of heterogeneous ↑ ingots consisting of 

several crystals (in comparison to ↑ mono-crystalline cells) 

Off-grid systems: ↑ Solar systems that are not connected to the power utility network. 

Off-grid domestic systems provide energy to households or villages; 

off-grid non-domestic systems provide energy to applications, such 

as parking meters, water pumping stations, etc. (IEA 2007) 

Photovoltaic: Greek: ‘photos’ for ‘light’ and ‘volt’ for voltage, describes the 

production of electric energy using solar radiation (Richter et al. 

2008). In this thesis, ‘photovoltaic’ and ‘solar’ are used 

synonymously. 

Silicon: A metalloid and the principal component of many semiconductor 

devices 

Silicon Saxony: Term for the agglomeration of semiconductor firms in Saxony 
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Solar cells: Smallest unit for generating ↑ photovoltaic power, assembled into 

↑ solar modules and ↑ solar systems for supplying energy to users, 

the majority of solar cells are made of ↑ silicon (↑ crystalline solar 

cells); see also ↑ thin-film modules 

Solar modules: Basic unit for building ↑ solar systems, made up of ↑ solar cells and 

a weather protection shield (glass) 

Solar systems: Final product for generating ↑ photovoltaic energy, made up of 

↑ solar modules and other components, for example ↑ inverters 

Thin-film modules: ↑ Solar modules made of thin-layers of semiconductor materials 

evaporated on mediums such as glass, plastics, or metals, can be 

based on other semiconductors than ↑ silicon 

Turnkey lines: Production lines sold by equipment manufacturers that are in a 

ready-to-use condition 

Value chain: Disaggregates a firm into primary activities, such as inbound 

logistics, operations, outbound logistics, marketing and sales, and 

support activities, such as procurement, human resources, and 

technology development; popularized by Porter (1985) 

Value system: Extension of the ↑ value chain concept, comprises of activities 

across firms and incorporates the various up- and downstream links 

of a firm, e.g. suppliers and customers (Porter 1985); the 

photovoltaic value system consists of three (↑ thin-film modules: 

semiconductors, ↑ modules, ↑ systems) or five steps (↑ crystalline 

cells: ↑ silicon, ↑ ingots/wafers, ↑ solar cells, ↑ solar modules, 

↑ solar systems) 

Wafers: Slices of ↑ silicon cut from silicon ↑ ingots, further processed into 

↑ solar cells 
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Abbreviations 

 

BRIC: Acronym that refers to the fast developing countries Brazil, Russia, 

India, and China 

BSW: Bundesverband Solarwirtschaft, syndicate of German firms in the 

photovoltaic and thermal energy sectors 

CDU: Christlich Demokratische Union, Christian Democratic Union party 

EEG: Erneuerbare-Energien-Gesetz (see glossary) 

EPIA: European Photovoltaic Industry Association 

FDI: Foreign Direct Investment (see glossary) 

IEA: International Energy Agency, part of OECD 

MWp: Megawatt peak, actual power output of solar cells, modules, and 

systems 

OECD: Organization for Economic Co-operation and Development 

PESTLE: Political, economic, socio-cultural, technological, legal, and 

ecological assessment of relevant country factors for an industry 

PV: Photovoltaic (see glossary) 

R&D: Research and Development 

SPD: Sozialdemokratische Partei Deutschlands, Social Democratic Party 

of Germany 

TÜV: Technischer Überwachungs-Verein, German Technical Inspection 

Association 
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1. Introduction 

1.1 Background and Research Topic 

Germany is world-famous for its cutting-edge products in several industries, for example 

luxury cars, chemistry, special machinery, and optics, to name but a few. German firms have 

also gained significant presence in one of today’s fastest growing industries, photovoltaics 

(PV) – the generation of electric power with solar radiation1. With an increasing focus on 

environmental sustainability, climate change, and rising fuel costs, PV power is seen as one of 

the key technologies for securing access to cheap, renewable, and clean energy in the future.  

Today, Germany is the – somewhat unlikely – world leader in PV power generation. In 

the period 2000-2008, Germany had an astounding 41 % market share in global PV 

installations (Mints and Hopwood 2009). PV panels on industrial buildings, residential houses, 

and meadows have become part of the scenery in many areas in Germany. Moreover, the 

market leadership in PV installations also translates into a strong presence of several world-

leading manufacturers of PV products. In the manufacturing of PV cells (or solar cells, 

respectively), Germany currently ranks number two in the world (Hirshman et al. 2009). In 

this highly dynamic environment, German firms fight for growth, market share, and profits. 

Just very recently, however, dark clouds appeared on the horizon.  

This thesis takes departure in a critical article from a German public broadcaster from 

February 2009: ‘Did the solar bubble burst?’ (ARD 2009). The author of this article argues 

that the credit crises, current production overcapacity, and the entrance of Asian competitors 

will lead to a strong consolidation of firms in Germany. Moreover, opponents of the PV sector 

argue that Germany’s position is mainly or solely based on subsidies, not location-specific 

advantages. The main concern is: have policy makers subsidized an uncompetitive industry? 

Does Germany offer any location advantages to the industry at all? 

This thesis takes the German solar cell manufacturing part of the PV value system as its 

centerpiece. The solar cell industry is a highly dynamic environment. The industry is 

characterized by incredible growth rates, high investments, technological uncertainty, and the 

fight between different countries to take the lead. These factors make the industry highly 

interesting for studying the location-specific advantages a European country offers to a young 

industry. Germany was chosen because it is the only European country with significant solar 

cell production capacity. Germany is further characterized by the presence of world-leading 

                                                 
1 Henceforth, ‘photovoltaic’ (PV) and ‘solar’ are used synonymously. 
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firms2 and the second largest solar cell output in the world. Historically, there are a variety of 

reasons for Germany’s premier position within solar cell production. However, already in 

2008, more than 68 % of global cell production were located in Asia – with an upward 

tendency (Photon 2009b). Hence, the analysis focuses on two questions. The first question 

relates to the competitiveness of the German solar cell industry in an international comparison. 

The second question centers on Germany’s location-specific advantages for the industry. 

Based on these two questions, the mid-term perspectives for the industry in Germany are 

evaluated. 

The next part outlines the structure of this thesis. After the structure section, the solar 

cell industry is introduced. 

1.2 Structure 

This thesis is structured into eight main parts. The first part  provides the background of this 

research. In this part, the research topic is outlined, followed by the present structure section.  

Consequently, the solar cell industry is introduced. Afterwards, the research questions and 

research objectives are outlined. In the second part, the theoretical framework is developed. 

Departing in Dunning’s (1979) eclectic paradigm, Porter’s (1990) national diamond is utilized 

to assess Germany’s location-specific advantages and disadvantages for domestic and foreign 

firms. The international product cycle is introduced in order to account for patterns in the shift 

of international production. Part three outlines the research methods and delimitations. In the 

fourth part , the results of the data gathering process are presented. This part incorporates a 

PESTLE3 assessment of the environment for solar cell firms in Germany. Hereafter, the 

findings of the comprehensive diamond study are outlined. The data section is completed by 

the results of a study on domestic and foreign firms in Germany. In part five, the findings are 

presented and the research questions are answered. In the sixth part, an industry outlook is 

provided based on the findings of the eclectic paradigm and Vernon’s product cycle. In the 

seventh and eighth parts, the study’s findings are summarized and recommendations to 

policy makers outlined. 

As a key foundation for this research, the next sections introduce and define the solar 

cell industry. The introduction of the industry is followed by outlining the research questions 

and research objectives and the theoretical framework. This structure was chosen to provide 

                                                 
2 In 2008, Germany was the second largest solar cell producer behind China. Four out of the 20 largest solar cell 
manufacturers were based in Germany, with Germany’s Q-Cells as the global market leader. (Hirshman et al. 
2009) 
3 PESTLE is a study on the political, economic, social, technological, ecological, and legal environments. 
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an adequate introduction to the research problematic and the industry that is forming the 

centerpiece of this thesis. 

1.3 The Solar Cell Industry 

The following section serves as the practical foundation for this report. After outlining key 

technologies, the PV sector’s value system is explained. The section continues with 

specifying the activities that form the solar cell industry. Subsequently, key PV applications 

are briefly described. The present section concludes with providing an introduction into the 

global solar cell industry and outlining current trends and developments. 

1.3.1 Key Technologies 

As of today, there are two main rivaling technologies in the manufacturing of PV products. 

Each technology includes an array of sub-technologies that are in different stages of 

commercialization. In all technologies and sub-technologies, firms strive to raise energy 

conversion efficiency, i.e. to increase energy output of solar cells and modules. As of today, 

however, it is highly uncertain which technologies will prevail. (Richter et al. 2008) 

By far the largest amount of solar cells is produced using crystalline silicon, which is 

also the most conventional production technique. The second group comprises of so-called 

thin-film products. This technology is less established but has seen the most market entrants 

in recent years. (ibid.) Technological uncertainty is a key component for firms operating in 

the solar cell industry. To provide an explanation for this technological uncertainty, both 

technologies are briefly described below. 

1.3.1.1 Crystalline Solar Cells 

In 2007, more than 90 % of all solar cells sold globally were based on crystalline silicon. 

Within crystalline silicon, there are two main sub-technologies: mono- and multi-crystalline 

cells. Of total solar cell production, mono-crystalline cells had a share of around 60 %, multi-

crystalline cells a share of 30 % (i.e. 90 % in total for this technology). (Richter et al. 2008) 

Currently, the energy conversion efficiency for mono-crystalline cells is at around 16.5 to 

17.5 %. For multi-crystalline cells, efficiency is at around 15 to 16 %. (Sheet and Blokken 

2007) Whereas multi-crystalline cells are less efficient in producing energy out of solar 

radiation, their manufacturing is also less expensive (Richter et al. 2008). 

The left picture in Figure 1 shows an example of a mono-crystalline solar cell – 

currently the dominating design. 
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1.3.1.2 Thin-film Solar Cells and Modules 

Alternatively, some PV products are based on so-called thin-film technologies. There are 

several sub-technologies in manufacturing thin-film solar modules. These sub-technologies 

are based on different materials. Thin-film products have in common that they are produced 

by evaporating thin layers of semiconductor materials, for example amorphous or 

micromorphous silicon and other crystalline compounds (e.g. cadmium telluride, copper 

indium selenide), on a medium. In most instances, glass, plastics, or metals serve as mediums. 

In 2007, the world market share of thin-film products was less than 10 % (Richter et al. 

2008). EPIA (2009c), the European Photovoltaic Industry Association, expects that this world 

market share will increase to 18 % in 2009 and 25 % in 2013. The main advantage of thin-

film modules is based on significantly lower production costs due to fewer materials inputs 

and an integrated production process with only three steps. This integrated production process 

makes the expensive fabrication of ingots and the cutting of wafers obsolete. Furthermore, 

some thin-film modules are lighter and more flexible and therefore can be utilized in new, 

alternative ways (e.g. on less stable rooftops, on textiles, etc.). The main obstacle, however, is 

the significantly lower energy conversion efficiency – usually below 10 % – which makes 

them inferior to conventional crystalline solar cells. For end consumers, this means that they 

need to install more thin-film modules to achieve the same energy output. The resulting 

higher installation costs partly offset the lower costs of production. (Richter et al. 2008)  
 

The right picture in Figure 1 shows an example of a flexible thin-film solar cell. 

Figure 1: Mono-crystalline and Flexible Thin-film Solar Cells 

    
Sources: Ersol (2009a) and TU Berlin (2009) 

1.3.2 The Value System in the Photovoltaic Sector 

Porter (1985) coined the terms ‘value chain’ and ‘value system’. The former disaggregates a 

firm into distinct activities, such as inbound logistics, operations, outbound logistics, 
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marketing and sales, etc. The latter comprises of a larger stream of activities across firms and 

incorporates the various up- and downstream links of a firm. Understanding the value system 

in the PV sector is crucially important for the further analysis. It determines which companies 

are direct competitors and how firms interrelate. Analyzing the value system also generates 

insights into competitive strengths and weaknesses a firm can obtain from locating in a 

specific nation, for example due to highly competitive domestic suppliers.  

Figure 2 below depicts an abstract of the value system in the PV sector. It incorporates 

the two main streams of technologies in manufacturing PV products. As described before, the 

first technology uses crystalline silicon to produce solar cells. The second utilizes thin-film 

production techniques. Thin-film technology can be either based on silicon or non-silicon 

semiconductors. 

Figure 2: The Value System in the Photovoltaic Sector 

 
Source: adapted and translated from Richter et al. (2008) 

The PV value system for crystalline solar systems consists of five main steps, 

represented by the upper stream of activities in Figure 2. In the first step, silicon is produced 

in an electric arc furnace by a reaction of silica with carbon. In the second step, pure silicon is 

refined and cast using chemicals and physical processes. The resulting silicon ingots are cut 

into thin slices, called wafers, and treated with chemicals. In the third step, these wafers are 

further processed into solar cells. In the fourth step, solar cells are assembled into modules. 

The final products, solar systems, are made up of solar modules, inverters that convert direct 

current into alternating current, and mounting systems. (Hagn and Kaufmann 2009)  
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The first two steps, the production of silicon and ingots/wafers, are activities also 

performed in the production of integrated circuits in the computer chip industry4. 

Thin-film PV products are produced by utilizing a different set of activities. Their 

production is characterized by a shorter value system with only three main steps. The middle 

and undermost streams of activities in Figure 2 represent thin-film technologies. The first step 

consists of the production of semiconductors (silicon or non-silicon). In the second step, 

modules are produced by evaporating exceptionally thin layers of semiconductors on a 

medium, such as glass, plastics, or metals. (Richter et al. 2008) The last step is identical with 

the production of crystalline silicon PV products: PV systems are assembled by putting 

together solar modules, inverters, and mounting systems. 

This thesis focuses on the solar cell industry. The next section defines this industry by 

departing in the aforementioned value system. 

1.3.3 Industry Definition 

Defining the boundaries of an industry is an important step before conducting an industry 

study. According to Porter, “[a]n industry […] is a group of competitors producing products 

or services that compete directly with each other” (1990, p. 33). Within the PV sector, this 

thesis focuses on the crystalline solar cell and thin-film module manufacturing parts – marked 

green in Figure 2 and termed the ‘solar cell industry’. Including both activities in the solar cell 

industry definition has two foundations. First, crystalline cells and thin-film modules are often 

considered being substitutes. As expressed by Andreas Hänel, CEO of the PV project 

developer Phoenix Solar AG: “Whenever we see that one [technology] is getting the 

advantage over another, we are flexible to shift from left to right and from right to left.” 

(Reuters 2009) By including both activities, the present study also follows definitions in 

comparable industry studies and recent publications, for example Hirshman et al. (2009). 

The next section briefly describes some of the key applications for PV products. The 

demand for these products directly determines the demand for solar cells. Before the products 

of the solar cell industry arrive at the end customers, however, they are processed into solar 

modules and PV systems. 

1.3.4 Photovoltaic Applications 

IEA (2007) lists four main applications for PV products: off-grid domestic, off-grid non-

domestic, grid-connected distributed, and grid-connected centralized PV systems. The first 

                                                 
4 However, silicon and wafers for PV applications are by far less demanding in terms of purity compared to 
silicon and wafers for computer chip manufacturing. 



The Solar Cell Industry in Germany · A Young Industry at Crossroads 
Stephan Jeznita · Copenhagen Business School 

 
 

 7 

two applications – off-grid domestic and off-grid non-domestic – depict solar systems that 

provide electricity to households (off-grid domestic) and applications (off-grid non-domestic) 

that are not connected to a utility electricity network (the ‘grid’). They are appropriate where 

it is too expensive to connect buildings, villages, or applications to an existing energy network. 

Usually, they include a battery to store energy for periods with low or no solar radiation. The 

second type of installations – grid-connected systems – includes solar installations that are 

connected to an energy utility network. Grid-connected distributed systems can be installed on 

roof-tops of public or private houses, factories, sound barriers on highways, etc. The last 

group is called grid-connected centralized PV systems, or solar power plants, respectively. 

Figure 3 shows an example for such a PV power plant. In grid-connected PV systems, an 

inverter converts electricity from direct current to alternating current that can be supplied to 

the electricity network. 

Figure 3: Photovoltaic Power Plant in Miegersbach, Germany 

 

Source: Phoenix Solar (2005) 

1.3.5 The Global Solar Cell Industry 

In recent years, the global solar cell industry has seen remarkable growth rates. From 2007 to 

2008, for example, the global production of solar cells grew by 85 %. Global revenues 

generated by PV installations (i.e. the final products in the value system) reached 18.2 billion 

U.S. dollars in 2008 (iSuppli in PV Tech 2009). Worldwide, the solar cell industry is 

moderately concentrated. In 2008, the ten largest firms covered approx. 46.2 % of worldwide 

production. The largest firm, German-based Q-Cells SE, held a market share of 7.4 %. 

(Photon 2009b) In 2008, China was the leading producer and Germany was ranked second. 

Japan, formerly number one, slid to the third spot. Although Germany increased its 

production significantly by 67 %, China’s increase of almost 116 %, Taiwan’s 99 % increase, 
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and the 285 % increase in other Asian countries led to a diminishing of Germany’s world 

market share from 20.5 % to 18.5 % (see Table I and Figure I in the appendix). (Photon 2009b) 

Although the solar cell industry has seen remarkable growth rates in the last several 

years, the industry currently faces some serious challenges. For example, the market is 

predicted to decline in 2009, for the first time in many years. The next section describes some 

market developments and trends and their implications for the solar cell industry. Overall, this 

part is important for the better understanding of firm strategies and their consequences for 

Germany as a location. 

1.3.6 Current Developments and Trends 

As a starting point, trends in the global market are outlined. The second part describes the 

industry’s attempts to reduce production costs in solar cells.  

1.3.6.1 Market Developments 

The market for PV end products has seen tremendous growth rates in the last several years. 

From 2007 to 2008, the market grew by 132 % to approx. 5,600 MWp5. In 2008, the market 

was dominated by Spain and Germany. Both countries had a cumulated installation world 

market share of more than 70 %. In 2008, Spain was the undisputed market leader with a 

newly installed capacity of 2,511 MWp. Germany followed on the second spot with newly 

installed 1,500 MWp. The United States and South Korea ranked third and fourth, with 

342 MWp and 274 MWp, respectively. Seven countries in the top ten were members of the 

European Union. The only Asian representatives in the top ten, South Korea and Japan, 

represented a cumulated installation share of less than 10 %. (EPIA 2009a)  

However, as pointed out in a study by EPIA (2009c), the market development for PV 

products is highly uncertain. Two factors attribute to this uncertainty. First, the current 

financial crisis limits the ability of firms to obtain financing for PV projects. As a result, many 

projects are either postponed or cancelled. Hence, the current demand for PV products, 

including solar cells, is below expectations. Second, the PV sector is highly dependent on 

governmental policies, which in turn largely vary amongst countries. This is the case because, 

until now, solar energy is more expensive than conventional energy and relies on subsidies to 

stimulate demand. 

In 2009, the two dominating markets, Spain and Germany, develop in opposite 

directions. Germany’s political environment for solar installations remains highly favorable 

                                                 
5 MWp stands for megawatt peak and measures normal power output of solar cells and solar modules. 
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and the market is expected to grow to 2,000 MWp (+ 33.3 %). Spain, on the other hand, 

capped solar installation subsidies at 500 MWp per year for 2009. Accordingly, Spain’s 

market will substantially decline in 2009. Other markets, especially the United States, look 

more promising than Spain, especially because President Barack Obama is highly committed 

to renewable energies. However, considering Spain’s high share of total installations, the 

global market will most likely shrink in 2009. This predicted decline in solar installations has 

severe consequences for other firms along the value system, including manufacturers of solar 

cells. Figure II in the appendix shows an estimate for the world’s largest markets in 2009.  

Despite the predicted downturn in installations, EPIA (2009c) is highly positive for the 

market development for the years 2010 to 2013. Depending on governmental policies in key 

markets, the market for PV products could increase to more than 22,300 MWp in 2013. In a 

moderate scenario, EPIA predicts the market to still increase to 12,250 MWp in 2013. The 

high potential for PV energy generation is backed up by a currently low penetration rate even 

in key markets – in 2008, only 0.6 % of Germany’s energy was generated by PV panels. 

(Kiesel 2009) Although the mid- to long-term perspectives are bright, the market needs some 

years to recover from the current fall in demand. Figure III in the appendix shows EPIA’s 

predictions for the global market development. 

Even though the end consumer market for PV products is in decline in 2009, solar cell 

firms continue to build up production capacity. EPIA (2009c) predicts the global solar cell 

output to increase to more than 25,000 MWp in 2013. From 2008 to 2009, German firms 

alone will be increasing their production by 50 % to 2,400 MWp (Hirshman et al. 2009). 

However, these production estimates are highly dependent on the development of the demand 

for PV products. EPIA (2009c) further predicts that global production capacity will exceed 

predicted demand in the next five years. As a result, prices, margins, and firm profitability are 

under severe pressure. Figure IV in the appendix shows EPIA’s solar cell production capacity 

outlook for 2009 to 2013. 

1.3.6.2 Trends in Cost Reductions 

The aforementioned overcapacities in solar cells production have severe effects on prices and 

firm margins. As a result, firms are under serious pressure to reduce costs. del Cañizo et al. 

(2009) estimate that the most important cost factors in the production of crystalline solar cells 

are materials (26 %), fixed costs (23 %), labor (19 %), and equipment and yield costs (both at 

around 16 %)6. Solar cell firms have developed several strategies to reduce costs. This section 

                                                 
6 Comparable figures for the production of thin-film modules were not available. 
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provides a brief overview over some of the most important generic cost reduction strategies, 

based on Alsema and Nieuwlaar (2000) and del Cañizo (2009). These cost reduction 

strategies are an important component for evaluating the industry outlook in one of the final 

parts of this thesis. 

The first generic strategy for firms producing crystalline solar cells is the reduction of 

inputs, namely silicon. Firms mainly reduce wafer thickness as the key ingredient of a solar 

cell. Although this strategy has the potential to reduce costs, additional costs are added due to 

higher brakeage rates of thinner wafers and cells. Broken wafers and cells have to be removed 

manually, increasing machine downtime and thereby costs. The second generic strategy is 

also based on decreasing input costs: shifting from crystalline silicon cells and modules to 

thin-film. As outlined earlier, thin-film modules are significantly cheaper to produce but 

inferior to crystalline cells in terms of energy conversion efficiency. The success of the first 

and second strategy crucially hinges on silicon prices, which is determined on world markets. 

From January 2009 to June 2009, the world market price of silicon dramatically decreased. As 

a result, thin-film modules have lost a significant share of their competitive edge over 

conventional crystalline cells. (Reuters 2009) The third strategy involves a reduction of costs 

by scaling out manufacturing facilities (achieving scale economies) and vertical integration. 

Further cost savings can be achieved by technological progress (incl. automation), improving 

processes, and reducing overhead and energy use.7 
 

The following section outlines the research questions and objectives that guide this 

thesis. 

1.4 Research Questions and Research Objectives 

Critics argue that Germany’s position in the solar cell industry is mainly or solely based on 

subsidies, not location-specific advantages. Production, it seems, is continuously shifting 

towards low-cost locations, mainly in Asia. Germany, on the other hand, is a nation with high 

production costs. Consequently, this thesis aims at answering two research questions related 

to the current situation and the outlook for the solar cell industry in Germany. The first 

question assesses whether the German solar cell industry can be described as competitive in 

an international comparison. The second question focuses on location-specific advantages. By 

analyzing competitive strengths and weaknesses and firm characteristics, conclusions can be 

drawn regarding the long-term perspectives of the industry in Germany. Consequently, the 

                                                 
7 For more details on cost reduction strategies, see del Cañizo et al. (2009). 
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findings from the two research questions are converted into an industry outlook and 

recommendations. 
 

The first research question assesses the competitiveness of the German PV sector and is 

related to the aforementioned ‘solar bubble’ criticism. The German government was one of 

the first to acknowledge urgent environmental matters such as acid rain and climate change. 

Consequently, Germany is one of the leading countries in promoting renewable energy 

sources such as bio fuels, wind energy, and solar power. (Lauber and Mez 2004) By 

stimulating demand through several governmental initiatives, firms were encouraged to invest 

into building up production capacity for solar cells in Germany. Consequently, Germany did 

not only become the largest producer of solar energy in the world but also one of the largest 

suppliers of PV products and solar cells in particular. As outlined in the aforementioned 

article, however, critics argue that the government helped to create a ‘solar bubble’ rather than 

a sustainable business sector in Germany. This criticism would hold true if the solar cell 

industry was uncompetitive on world markets. Therefore, the first research question addresses 

the competitiveness of the solar cell industry in an international comparison. This assessment 

represents the first step towards answering the question of the industry’s long-term 

perspectives in Germany: 

RQ 1: How competitive is the German solar cell industry in an international 

comparison? 

Assessing the first research question takes departure in Porter’s definition of 

competitiveness as outlined in ‘The Competitive Advantage of Nations’ (1990). The 

assessment is based on Porter because he is one of the key scholars in the field of 

competitiveness and his findings have been widely acknowledged. Porter’s appraisal is based 

on the national account (or the macro level, respectively) and includes, among others, export 

shares and outbound foreign direct investments (FDIs) as key determinants for 

competitiveness. 
 

The second research question addresses whether Germany offers unique location-

specific advantages to solar cell firms. Location-specific advantages are crucial for 

maintaining Germany’s leading position in solar cells and attracting domestic and foreign 

investments alike. The second research question is the subsequent foundation for evaluating 

Germany’s long-term prospects as a key production site for solar cells: 
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RQ 2:  What kind of unique location-specific advantages does Germany offer to solar 

cell producers? 

Answering the second research question is based on Dunning’s eclectic paradigm of 

international production (1979). Dunning argues that location-specific advantages, coupled 

with ownership-specific advantages of firms, incite companies to locate production in a 

certain nation. The analysis further evolves around three sets of sub-questions:  
 

a) What are Germany’s main competitive strengths and weaknesses as a location for 

the solar cell industry? 

b) Why do firms mainly build up production in former East Germany? Are there 

differences in the location-specific advantages of former East Germany vs. former 

West Germany? 

c) What are the ownership-specific advantages and rationales of domestic and foreign 

firms to invest into solar cell production capacity in Germany? 
 

The first sub-question assesses competitive strengths and weaknesses. These strengths 

and weaknesses are expressed as location-specific advantages and disadvantages. To assess 

various potential sources of location-specific advantages and disadvantages, Porter’s (1990) 

national diamond framework is utilized. Porter argues that the competitive advantage of a 

nation is based on a combination of different factors in the national diamond. Consequently, 

the analysis is based on an extensive diamond study of the German solar cell industry.  
 

The second sub-question addresses the spatiality of location-specific advantages, namely 

whether they are based on a national or regional level. Several scholars have pointed out that 

firms active in the solar field in Germany are not equally distributed across the country (e.g., 

Dewald 2007; Richter et al. 2008; Brachert and Hornych 2009). Moreover, an agglomeration 

of solar firms in eastern Germany – especially in the cell and module manufacturing parts of 

the value system – can be observed. Hence, it is considered whether solar cell firms find 

certain location-specific advantages in a particular region in Germany – in this case former 

East Germany – that cannot be found on the national level. If that is the case, continuing to 

promote the solar cell industry in eastern Germany has the potential to yield better results than 

promoting the industry nationally. Additionally, a firm agglomeration in a specific area might 

allow for agglomeration advantages8. 
 

                                                 
8 The rationale behind an agglomeration of firms in particular areas is the idea that firms derive competitive 
advantages from being located in spatial proximity (Marshall 1890; Porter 1990; Krugman 1991b). 
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The third sub-question addresses ownership-specific factors of foreign and domestic 

investors into solar cell production in Germany. According to Dunning (1979), multinational 

firms base their investment decisions on rational reasoning in order to exploit location-

specific factors based on their ownership-specific characteristics. As ownership-specific 

characteristics vary across firms, different sets of location-specific factors determine the 

attractiveness of a location for a particular firm. As a result, Germany is presumably not 

equally attractive to all investors. The third sub-question also addresses how foreign investors 

perceive the advantages of the German location – firms that had the choice to locate in any 

country in the world but preferred Germany. Answering the third sub-question takes departure 

in an in-depth study of a firm sample of domestic firms and foreign direct investments. 
 

The final part of this thesis consists of two components, an industry outlook and a 

recommendations section. Combining the results of the two aforementioned research 

questions and sub-questions provides the foundation for this part. The industry outlook is 

based on Germany’s location-specific factors, firm characteristics expressed as ownership-

specific advantages, and Vernon’s (1966) product cycle theory. The recommendations section 

focuses on how Germany’s position as a primary location for the solar cell industry can be 

maintained.  

The next section outlines the theoretical foundations for this research. Outlining each 

part of the theoretical framework is followed by a brief discussion. 

2. Theoretical Framework 

The aim of this part of the thesis is to provide the theoretical foundations that allow answering 

the research questions. The first research question assesses the competitiveness of the German 

solar cell industry. Answering it is based on trade statistics and is founded in Porter’s (1990) 

definitions of competitiveness. The second research question assesses the types of location-

specific advantages that Germany offers to solar cell producers. Answering the second 

research question takes departure in Dunning’s (1979) eclectic paradigm of international 

production. In his eclectic paradigm, Dunning combines ownership-specific advantages of 

firms, location-specific advantages of nations, and internalization advantages in order to 

explain the growth in international production. In this thesis, ownership-specific advantages 

are assessed based on a firm sample. Porter’s (1990) national diamond is brought in to derive 

Germany’s location-specific advantages for the solar cell industry. By incorporating a 

comprehensive set of factors, Porter’s diamond goes beyond the location factors in Dunning’s 
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eclectic paradigm. The eclectic paradigm, on the other hand, enhances Porter’s framework as 

the diamond cannot explain why some firms benefit from certain location-specific factors 

while others do not. 

The final component of the theoretical framework is Vernon’s (1966) international 

product cycle theory. The product cycle explains changing patterns in international production. 

In the case of the solar cell industry, Vernon’s theory is utilized to arrive at an industry 

outlook. Figure 4 outlines the theoretical framework. 

Figure 4: The Theoretical Framework for Answering RQ 2 

 
Sources: own creation; based on Dunning (1979), Porter (1990), and Vernon (1966) 

 

In the following, the different components of the theoretical framework are outlined and 

discussed, starting with the foundation, Dunning’s eclectic paradigm. 

2.1 The Eclectic Paradigm of International Production 

Dunning’s (1979) eclectic paradigm (or OLI, respectively) of international production 

suggests that the interaction of three sets of variables determines the extent and patterns of 

international production: ownership-specific advantages (O), location-specific advantages (L), 

and internalization advantages (I). Only when all three factors can be utilized, a firm will 

engage in foreign direct investments. 

Below, the factors of the eclectic paradigm are outlined, followed by a brief discussion 

on its relevance. 
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2.1.1 Factors in the Eclectic Paradigm 

In order to be a successful competitor, a firm needs to possess ownership-specific advantages 

(O) – or competitive advantages, respectively – vis-à-vis its major rivals. Determinants of 

ownership-specific advantages include exclusive access to markets or raw materials, firm size, 

proprietary technology, organizational capacity, and marketing skills, among others. These 

factors can be transferred across borders. (Dunning 1979) 

Location-specific variables (L) are factors that the home or host nation offers to firms. 

As Dunning points out “[c]ountry-specific characteristics have always been the centrepiece 

of the theory of international trade” (ibid., p. 276). Location-specific variables include input 

prices, quality and productivity of different factors (labor, energy, materials, components, 

etc.), transport and communication costs, infrastructure, government intervention, tax rates, 

investment climate, and economies of research and development (R&D) and marketing, 

among others. (Dunning 1979) 

The third component, internalization advantages (I), explains why firms choose to 

exploit their ownership-specific advantages by building up production in a foreign market 

rather than by exporting their goods or engaging in portfolio resource flows. Dunning outlines 

that firms will only engage in foreign direct investments if three conditions are fulfilled. First, 

a firm possesses net ownership advantages vis-à-vis other firms in serving certain markets. 

These ownership advantages mainly reside in intangible assets which are exclusive or specific 

to the firm. Second, the firm must benefit more from utilizing these advantages itself rather 

than to sell or lease them, i.e. to internalize rather than to externalize them (the latter for 

example through licensing or other contracts). Third, the firm must be able to utilize these 

advantages in combination with some sort of factor inputs outside its home country. If that 

would not be the case the firm would serve foreign markets with exports rather than 

production. Dunning outlines six possible reasons for why firms should internalize a market. 

Among others, firms can reduce transaction and negotiating costs, gain preferred access to 

this market, protect against government intervention, achieve a better protection of property 

rights, and ensure product quality and after-sales maintenance. (Dunning 1979; 1980; 1988) 

In the following, the OLI paradigm is briefly discussed to establish its relevance for this 

research. The next part is followed by outlining the national diamond. 

2.1.2 The Eclectic Paradigm in Perspective 

As pointed out by Cantwell and Narula, “[t]he eclectic paradigm has been the leading 

explanation for the growth of multinational activity over the past two decades” (2001, p. 155). 
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Although extensions of the paradigm have been proposed, such as ‘OLMA’ that incorporates 

mode of entry and operational adjustment to the location (Guisinger 2001), the original 

framework has not lost its appeal within the last three decades. First, it overcomes the 

insufficiencies of other, more partial theories of international production (Tolentino 2001), 

and second, it is highly versatile and can be applied to a wider context of issues, some of them 

only moderately relating to multinational corporations (Cantwell and Narula 2001). 

Consequently, the holistic eclectic paradigm framework can well explain the factors that 

incite foreign firms to invest in Germany. To account for agglomeration patterns in the 

German case, as proposed by ‘New Trade’ theorists such as Krugman (1991a), the 

agglomeration of solar cell firms in eastern Germany receives further attention in this thesis. 

Furthermore, the eclectic paradigm is also utilized to explain the behavior of domestic firms. 

The rationale for this is that domestic firms will internalize other markets if they lack certain 

location advantages at home. 

A key strength of the eclectic paradigm is its versatility in incorporating other theories 

and frameworks. In this thesis, Porter’s (1990) national diamond is used to explain location-

specific factors of the German location. In the following, Porter’s national diamond 

framework is introduced. 

2.2 The National Diamond and Clusters 

Porter’s national diamond is a highly valuable tool for assessing location-specific factors in 

Dunning’s (1979) eclectic paradigm. It goes beyond Dunning’s eclectic paradigm by 

evaluating four main categories of location-specific factors; expressed in the four corners of 

the diamond. The national diamond framework was first laid out in Porter’s ‘The Competitive 

Advantage of Nations’ in 1990. This book incorporates Porter’s well-known strategic tools, 

such as the five forces analysis, the value chain and value system models, and clusters – the 

agglomeration of firms in particular areas within a nation. 

In the following, Porter’s approach for studying competitive industries is introduced. 

This section is followed by an explanation of the attributes of the national diamond 

framework. This part is followed by outlining the concept of ‘clusters’ and an evaluation of 

the framework, taking critiques and affirmations of important scholars into account. 

2.2.1 Analyzing Competitive Industries 

Porter’s (1990) national diamond framework is the result of industry studies in ten trading 

nations. The basic unit of analysis is the industry – a group of firms that produces products or 
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services that are directly competing with each other. Porter’s analysis consists of two parts. 

First, he identifies industries in which the nation’s firms are internationally successful; both in 

manufacturing and services. Competitive advantage is e.g. measured by the presence of 

substantial exports to a variety of other nations and significant outbound foreign investments. 

Second, the history of competition in the industries is analyzed to study the dynamic 

processes that make an industry successful. This analysis outlines, among others, the process 

that led to the foundation of a certain industry in a particular country, growth processes, how 

and when firms became internationally successful, and the processes that led to either a loss 

of competitive advantage or that sustained it.  

In the following, the attributes of the national diamond are introduced. These attributes 

serve as the foundation for studying location-specific factors in the case of the German solar 

cell industry. 

2.2.2 The Attributes of the National Diamond 

Porter (1990) outlines that competitive advantage of a nation’s industries depends on four 

broad attributes of the national location. These four attributes build the corners of the national 

diamond framework, i.e. factor conditions, demand conditions, related and supporting 

industries, and firm strategy, structure, and rivalry. Government and chance are two residual 

forces that influence each of the four attributes, as can be seen in Figure 5. 

Figure 5: Porter’s National Diamond 

 
Source: Porter (1990, p. 127) 

The determinants of competitive advantage reinforce one another, which creates a 

dynamic system. In this system, only the combination of several factors will create sustained 

competitive advantage. However, it is not necessary that an industry possesses competitive 
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strengths in all four determinants of the diamond. Weaknesses in one determinant can be 

overcome by strong advantages in others. (Porter 1990) 

2.2.2.1 Factor Conditions 

Factor conditions both incorporate factor endowments and selective factor disadvantages. 

Competitive advantages from factor conditions can be drawn when they are both efficiently 

and effectively deployed. Selective factor disadvantages, e.g. the scarcity of labor, can 

actually benefit a nation’s firms if they result in a more innovative use of the given resources. 

Factors can be grouped into a set of different categories: human resources, physical resources 

(land, minerals, geographic location, etc.), knowledge resources, capital resources, and 

infrastructure. Porter further distinguishes between factor hierarchies (basic vs. advanced 

factors), factor specificity (generalized factors vs. specialized factors), and factor creation 

(inherited vs. created factors). Sustained competitive advantage is drawn from advanced and 

specialized factors. Furthermore, created factors are more likely to be the source of sustained 

competitive advantage than inherited factors, especially when they are constantly upgraded. 

(Porter 1990) 

2.2.2.2 Demand Conditions 

Porter (1990) distinguishes between three main demand conditions, home demand 

composition, demand size and patterns of growth, and internationalization of domestic 

demand. Porter argues that quality of demand is more important than quantity. The term 

‘quality’ includes the relative size of a buyer segment, buyer sophistication, and anticipatory 

buyer needs. The sheer size of home demand, however, does not necessarily lead to 

competitive advantage. Small markets could incite companies to export earlier and to be the 

first to establish substantial presence in foreign markets. On the other hand, large markets 

tend to enable companies to benefit earlier from economies of scale and, thereby, lead to cost 

advantages. 

2.2.2.3 Related and Supporting Industries 

Internationally competitive related and supporting industries can further enhance the national 

advantage of a certain industry. 

Supporting industries encompass suppliers of for example machinery/equipment, related 

services, parts and pre-products, and raw materials. Domestic supplier industries might give 

firms efficient, early, rapid, and even preferential access to inputs. They are especially 

beneficial when they themselves are global leaders. Ongoing co-ordination with home-based 
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suppliers can further increase the efficiency of input usage. Porter (1990) notes that less 

important inputs can and should be sourced from abroad if that involves cost advantages. 

Accordingly, the economy’s openness to imports is an important factor. 

Related industries share customers, technologies, parts of their value chains, and/or 

distribution channels. This category also includes firms that produce complementary products. 

Therefore, they are potentially able to coordinate and share certain activities with the industry 

studied, for example in development, manufacturing, distribution, marketing, or services. 

Porter argues that the presence of internationally competitive related industries can enhance 

the competitive strengths of an industry due to information flow and technical exchange.  

2.2.2.4 Firm Strategy, Structure, and Rivalry 

The fourth component of the national diamond is firm strategy, structure, and rivalry. 

According to Porter, domestic rivalry is one of the strongest sources for national competitive 

advantage. Firms that compete at home pressure each other to constantly innovate. 

Furthermore, they have to seek advantages that are not readily available to competitors from 

the same nation. Selected cooperations can further enhance the competitiveness of an industry. 

(Porter 1990) Analyzing firm strategy and firm structure are not part of the location-specific 

analysis in this thesis. Their analysis is included in part  4.3. 

2.2.2.5 Residual Factors: Chance and Government 

Two residual factors – chance and government – influence each of the four broad attributes of 

competitive advantage. Acts of pure invention, major technological discontinuities, political 

decisions by foreign governments, etc., are chance events that create discontinuities that allow 

for shifts in the competitive position. Government policies as well act through the other four 

broad determinants. Factor conditions, for example, are affected through governmental 

investments and policies in education, labor markets, infrastructure, etc. Conversely, 

government policy can also be influenced by industries, e.g. through lobbying. (Porter 1990) 

The next section describes the concept of clusters. Clusters take a central role in Porter’s 

national diamond. According to Porter, they enhance location advantages and are facilitators 

of competitive advantage. (ibid.) 

2.2.3 Clusters 

Acknowledging the importance of economic agglomerations reaches back until Marshall 

(1890) and has been continuously developed ever since. In Porter’s work, ‘clusters’ receive a 

pivotal role. Porter argues that nations succeed in clusters of horizontally and vertically 
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connected industries – not in isolated industries. Clusters are “geographic concentrations of 

interconnected companies and institutions in a particular field. Clusters encompass an array 

of linked industries and other entities important to competition” (Porter 1998, p. 78). Clusters 

have the potential to influence several factors of the national diamond. For example, clusters 

allow for labor market pooling of workers with industry-specific skills, the co-location of 

specialized suppliers, and knowledge transfers across firms (Krugman 1991a; 1991b). 

Scholars point out that there are many ways of how knowledge can be shared across firms: 

shared vendor links, employee transfers across firms, spin-offs leading to new entrants, 

collaborations among firms, inter- and intra-industrial contacts of employees, observations 

and gossip, and industry-university collaborations (Gupta and Subramanian 2008). These 

factors are also important in assessing Germany’s location-specific advantages. 

Porter’s (1990) national diamond was well perceived by many scholars. However, as 

with every theory or framework, it has received a significant amount of critiques. Before 

applying the national diamond in the case of the German solar cell industry, the framework 

has to be evaluated in the light of some of the most important critiques. 

2.2.4 The National Diamond in Perspective 

Porter’s (1990) national diamond framework has been widely acknowledged, as can be seen 

from the vast amount of reviews and tests (see, e.g., Yetton et al. 1992, on Canada, New 

Zealand and Australia; Öz 2002, on Turkey; and Stone and Ranchhod 2006, on the UK, USA, 

and the BRIC nations). 9  As exemplified by the tests, however, the diamond has been 

everything but undisputed. In this section, Porter’s framework is briefly evaluated against 

other scholars’ insights, taking three main streams of criticisms into account. 

The first stream of criticisms negatively assesses the findings that were derived from 

Porter’s methodology (e.g., Clark 1991; Dunning 1992; Cartwright 1993; and Davies and 

Ellis 2000). Overall, these criticisms raise doubts about the validity and reliability of Porter’s 

results. The author of this thesis is of the opinion that only in combination with ownership-

specific variables the corners of the diamond become meaningful in explaining the advantages 

of Germany as a location for the solar cell industry. By combining the diamond with 

Dunning’s (1979) eclectic paradigm, a larger set of explanatory variables, such as firm 

specifics, are included. As a result, the methodology in this thesis allows for variances in 

explaining location-specific advantages based on firm characteristics, i.e. in terms of 

ownership-specific advantages. 

                                                 
9 BRIC is an acronym that refers to the fast developing countries Brazil, Russia, India, and China. 
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The second main set of criticisms regards the firm’s home-base, globalization, and the 

role of multinationals. Porter (1990) has been heavily criticized for discounting the role of 

globalization and multinational organizations. Davies and Ellis (2000) point out that it is not 

the home-base of a firm that determines the prosperity of a nation’s residents. In contrary, the 

important factor is the productivity with which economic activities are carried out; regardless 

of the firm’s home-base. In his study on Ireland, O’Donnell (1998) further shows that external 

investors can have a significant positive influence on local organizational capabilities, such as 

business sophistication, management skills, business strategies, etc. Globalization – expressed 

by external demand, external related and supporting industries, and external rivals – can 

further nullify possible disadvantages of a nation. In this thesis, the study of foreign direct 

investments is the response to these critiques. The author of this thesis takes the stance that 

inbound FDI are a strong source for updating a nation’s industry. Furthermore, they can show 

how foreign investors perceive a location. 

Finally, some scholars argue that Porter’s diamond is not sufficient for being the 

foundation for policy recommendations (Öz 2002). The author of this study acknowledges 

that Porter’s national diamond cannot serve as a blue print for policy makers as it does not 

sufficiently incorporate firm characteristics. By utilizing a framework that specifically 

addresses location-specific factors in combination with firm characteristics, however, 

recommendations can be derived that are tailored to the specific industry, specific location, 

and the different types of firms. 

The next section concludes reviewing the literature by outlining Vernon’s international 

product cycle as the theoretical foundation for the industry outlook. 

2.3 The International Product Cycle 

In 1966, Vernon published a model to describe internationalization patterns of organizations. 

To the questions ‘where’ and ‘why’ production should be located, Vernon adds the factor 

‘when’ to the theory of foreign investment (Dunning 1979). According to Vernon’s model, a 

three staged trade cycle explains the internationalization process of products, as can be seen in 

Figure 6.  

In the first stage, a technologically advanced product is invented in a developed country. 

Vernon argues that it is first sold in the firm’s home market due to the presence of high-

income buyers who are able and willing to pay the high price for the new product. Production 

is usually based locally to minimize risks and uncertainties and to allow for easier 

communication with buyers. In the first stage, export might start to other developed countries. 
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Generally, competition is limited to few domestic firms. In the second stage, the product 

reaches maturity. Exports are further increased to other advanced nations. Local production is 

started as well to substitute exports from the firm’s home market. In non-domestic markets, 

the first competitors arise. At the same time, demand from less developed countries is 

becoming more significant. In the third and final step, the product becomes standardized and 

the principle markets reach saturation. Competition is more and more based on costs and 

advantages of standardization, including economies of scale. As a result, production is highly 

mobile and mainly determined by input costs, such as costs of labor. The multinational firm 

will heavily engage in offshore production and employ its capital and technology in the most 

cost efficient locations. Finally, the inventor country will import the product that it previously 

exported. (Vernon 1966) Whereas the first stage of the product cycle sees many new entrants, 

the last phase is dominated by firm shakeout (Klepper 2002). 

Figure 6: Vernon’s International Product Cycle 

 
Source: adapted after Vernon (1966) and Onkvisit and Shaw (1983) 

Over the stages of the product cycle, the location-specific factors that are most important 

to firms in the industry change. In the introductory phase of a new product, R&D investments 

peak and technological superiority determines competitive advantage. In this phase, firms 

need a location that offers an excellent environment for research. In the growth phase, first 

mover advantages of former technology leaders are eroded as technology is diffused to new 

entrants. At this stage, firms need to develop a different set of skills, including the efficient 

provision of pre- and post-sales services. In the third stage, unit production costs determine 

competitive advantage. Location-specific factors can help firms to reduce costs, e.g. due to 

lower labor and input costs. In this phase, product innovation is replaced by process 

innovation. (Almor et al. 2006) 
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Vernon’s international product cycle is highly valuable to comprehend the shift of 

production from developed to developing countries. In combination with the eclectic 

paradigm, the product cycle allows to look into the future of the solar cell industry in 

Germany. 

In the following, the research methods and delimitations are outlined, beginning with the 

research philosophy and the research approach. 

3. Research Methods and Delimitations 

3.1 Research Methods 

3.1.1 Research Philosophy and Research Approach 

The aim of this project is to study the solar cell industry in Germany in detail and to provide 

an industry outlook. Although the research takes a positivistic stance, i.e. utilizing a highly 

structured methodology and aiming at an overall generalizability of the results for the entire 

industry in Germany, some of the aspects of the research are interpretive in nature. The latter 

especially applies to individual firms within the industry. Although general trends can be 

generalized across the industry, individual firms might show opposite behaviors. 

The author of this study further acknowledges that only the combination of qualitative 

and quantitative data will allow a holistic view at the specific industry studied. Established 

theories and frameworks guide the way to the analysis. By utilizing established theories, the 

research further takes a deductive stance. Yet, this research aims at utilizing the theories in a 

new industry setting, not at testing them.  

3.1.2 Research Strategy 

The first research question is answered by evaluating macro-economic data and outbound 

foreign direct investments. Answering the second research question is based on three pillars in 

the eclectic paradigm. First, competitive strengths and weaknesses are revealed utilizing 

Porter’s (1990) national diamond. Second, the spatiality of the location-specific advantage is 

examined. Third, foreign direct investments and domestic firms are scrutinized in order to 

assess why firms internalize the German market. Here, the types of ownership-specific 

advantages that combine best with location-specific advantages are revealed. Deriving the 

industry outlook and recommendations is based on analyzing the first and second research 

question and applying Vernon’s (1966) international product cycle theory and subsequent 

extensions. 
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3.1.3 Research Design 

3.1.3.1 Data Gathering and Sampling 

This study on the German solar cell industry is based on a combination of macro- and 

microeconomic data. Macroeconomic data were collected from highly reliable databases, 

namely United Nations Comtrade and the World Bank for trade data and the German Federal 

Statistics Department for data on Germany. For assessing the national diamond, additional 

data were collected from a wide variety of sources. These sources include business studies 

and reports, for example from the World Bank, the Economist Intelligence Unit, the World 

Economic Forum, the International Monetary Fund, and the German ifo institute, scientific 

publications, online resources, trade publications, magazines, press releases, and journals. In 

order to assess the spatiality of the competitive advantage, i.e. whether it resides in the 

national or regional level, selected data were collected for the national and the regional level. 

However, regional data were only stated where they significantly deviate from national data. 

This methodology was chosen because factors in Porter’s national diamond vary in 

geographic scope. Whereas some factors have to be viewed from the national level (e.g. 

federal laws, home demand, venture capital availability, etc.), others are very much 

regionalized (e.g. local subsidy schemes, some related industries, etc.). 

Microeconomic data were collected based on a firm sample of 27 firms. The firm 

sample is based on a publication in the well reputed PV magazine Photon from April 2009 

(Hirshman et al. 2009). Photon lists 34 crystalline solar cell and thin-film module 

manufacturers with production capacity in Germany. This sample was condensed to only 

include firms with significant production capacities (more than 20 MWp per annum by the 

end of 2009). For the resulting 27 firms the following data were gathered: production 

technologies (thin-film, crystalline), location, ownership and origin (domestic, foreign), 

production capacity, and the extent of international production and international R&D 

capacity. Nine inbound foreign direct investments were studied in detail. For them, additional 

data were collected. The data collection is based on annual reports, firm homepages, press 

releases, and other online resources. Investment rationales, i.e. why firms decided to establish 

production in Germany, were obtained from interviews of firm representatives provided in 

newspapers and press releases. Due to the large size of the sample, personal interviews with 

firm representatives were not conducted. 
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3.1.3.2 Data Analysis 

Trade data from the United Nations Commodity Trade Database (Comtrade) builds the 

foundation for assessing the competitiveness of the German solar cell industry. Analyzing 

Germany’s national diamond is based on an assessment of 35 different factors in the four 

broad determinants (corners) of the diamond framework. The diamond analysis includes a 

relative assessment of the German competitive advantage in the solar cell manufacturing 

industry vis-à-vis its main competitors: China, Japan, Taiwan, and the United States. These 

countries were chosen as they represent Germany’s most significant competitors in the 

production of solar cells. In 2008, Germany and the four peers constituted the five largest PV 

cell manufacturers in the world covering approx. 84 % of global cell production (Photon 

2009b). Evaluating the factors is based on a relative rating system with five different ratings. 

The ratings reach from ‘strong advantage’, i.e. first in the peer group, to ‘strong disadvantage’, 

i.e. last in the peer group. The ratings are awarded by the author of this study based on 

quantitative and qualitative data to maximize objectivity. 

Analyzing ownership and internalization advantages in the eclectic paradigm is based on 

qualitative and quantitative data in a sample of 27 domestic and foreign firms. In 2008, these 

firms covered > 99 % of German solar cell production. To facilitate an analysis, the firms in 

the sample are categorized into groups depending on their ownership-specific factors. 

3.1.4 Reliability, Validity, and Generalizability of the Findings 

Reliability is controlled by relying on a highly structured approach including Dunning’s 

eclectic paradigm and Porter’s tested national diamond. However, as outlined before, there are 

potential limitations of both frameworks. The author of this study is aware of these potential 

shortcomings. However, in order to be able to study an industry, some concessions have to be 

made by abstracting the observable reality. Regarding the study of inbound foreign direct 

investments, extensive use was made of interviews of executives found in the press. These 

interviews provide valuable insights into firm rationales on why they invested in Germany. 

However, the author of this study is aware of some of the shortcomings of interviews. A 

potential problem is interviewee bias (Saunders et al. 2003). Interviewees, for example, could 

attempt to create a socially desirable impression of their firms. As a result, the interviews can 

only serve as an indicator for the real investment rationales. 

Validity and generalizability are two additional factors that have to be taken into 

consideration when conducting a research project (ibid.). To maximize validity, the research 

incorporates different frameworks and draws from different data sets, including macro- and 
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microeconomic data. The eclectic paradigm further allows assessing causal relationships 

between different factors – an opportunity that Porter’s national diamond does not offer. For 

example, ownership-specific factors in the firm sample allow drawing conclusions regarding 

the importance of certain location factors. An inherent problem with young and weakly 

defined industries, however, is often a lack of specific data. As a result, in some instances, 

data on the solar cell industry in particular could not be obtained. In these cases, data were 

obtained for sectors that incorporate the solar cell industry to maximize validity under the 

given circumstances. Regarding generalizability, the research covers a majority of production 

in a specific industry at a specific point of time. Consequently, the results can largely be 

generalized for the entire solar cell industry at the given point in time (mid-2009) in Germany. 

However, the author of this thesis refrains from generalizing the research results across 

industries and sectors. Furthermore, the dynamics within the industry alter the research 

environment very quickly. Accordingly, research carried out in a year or two years from now 

could arrive at different sets of location-specific factors that are important to firms. 

3.2 Delimitations 

3.2.1 Scope of the Project 

This thesis focuses on the crystalline PV cells and thin-film PV modules industry. This 

industry is termed the ‘solar cell industry’ or the ‘PV cell industry’, respectively. The study is 

not concerned with other renewable energy sources, such as solar thermal energy, wind 

energy, or hydropower. The project further concentrates on the industry actually producing 

solar cells. Other activities along the PV value system are only considered in the supporting 

and related industries part of the analysis. As mentioned before, data coverage for young 

industries is partly insufficient. Consequently, data were collected that resemble the solar cell 

industry best under the given limitations. Furthermore, although this study features a firm 

sample, annual report data could only be obtained for a limited amount of firms, as most firms 

in the sample are not publicly listed and do not publish annual reports. In terms of reach of the 

study, this thesis evaluates mid-term perspectives of the solar cell industry in Germany – 

expressed in location-specific factors. Since the solar cell industry is heavily reliant on 

political support and subsidies, the lack of former jeopardizes the entire industry, not only in 

Germany. Nonetheless, predicting future political conditions lies outside of the scope of this 

project. Similarly, the current financial crisis has serious effects on most industries. However, 

it is assumed that the effects of the crisis are rather short-term and global, i.e. not distinctive 
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to Germany. Hence, the short-term consequences of the financial crisis are not discussed in 

detail. 

The assessment of the national diamond is based on a comparison of the German 

location to four peer countries. In total, these five countries cover a large share (84 %) of 

global cell production. However, assessing all potential locations for solar cell firms lies 

outside of the scope of this project. The final limitation is that occurrences after June 2009 

were excluded from the analysis. 

3.2.2 Theoretical Limitations 

As pointed out by Dunning (1979), the eclectic paradigm is everything but static. Ownership-

specific advantages, location-specific advantages, and internalization advantages change over 

time. He further notes that “if country-specific characteristics are important in influencing 

such investment, it may be invalid to generalize from one country's experience to 

another.“ (ibid., p. 276) As a result, the author of the present study refrains from providing 

results and recommendations that can be generalized across nations and industries. 

The next sections outline the environment for the solar cell industry and firms within the 

industry in Germany. 

4. The Environment for Solar Cell Firms in Germany 

The following part provides the practical background for the analysis. As the first step, 

Germany as a location for the solar cell industry is introduced. This part comprises of an 

assessment of the political, economic, social, technological, legal, and ecological conditions 

(PESTLE) for the industry. Including the PESTLE framework aims at introducing the 

environment Germany offers to solar cell firms. In combination with the national diamond it 

further broadens the scope of the research. The second section provides the key findings of 

the national diamond analysis, whereas additional data are provided in the appendix. Finally, 

findings on the analysis of the firm sample are presented, including ownership-specific 

advantages of foreign and domestic firms and investment rationales. In the subsequent fifth 

part, the research questions are answered based on the theoretical framework. 
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4.1 Germany at a Glance 

4.1.1 Overview 

Germany is located in central Europe and borders nine countries – except for Switzerland all 

being members of the European Union. The country possesses only few significant natural 

resources, among others coal, lignite, natural gas, iron ore, uranium, and potash. The climate 

is temperate and marine with cool, cloudy and wet winters and moderately warm summers. 

(CIA 2009) Germany both features the European Union’s largest population (82.2 million in 

2008) and the largest economy (IMF 2009). 

4.1.2 Political Environment 

Germany is a federal republic consisting of 16 states. Germany features a bicameral 

parliament on the federal level. The 16 state governments as well have their own elected 

legislature and possess significant power, for example in the areas of education and policing. 

The current government is formed by a coalition of the Social Democrats (SPD) and the 

Christian Democratic Union (CDU). The next federal elections will take place in September 

2009. (EIU 2008) The Green Party has been part of the German Bundestag since 1983, 

reaching 8.1 % of the popular vote in the last federal election in 2005. Schreurs (2002) points 

out that Germany is following a green social welfare approach to environmental protection. 

For example, environmental protection has been part of the Basic Law (i.e., the German 

constitution) since 1994. Furthermore, Germany has been one of the first states to implement 

measures to tackle climate change. The first plan to reduce domestic greenhouse gas 

emissions was already announced in 1990. From 1998 to 2003, the Green Party and the Social 

Democrats led a coalition that had significant consequences for the promotion of renewable 

energies in Germany. In April 2000, the Renewable Energy Sources Act (EEG) was 

introduced (see point ‘legal environment’). In April 2002, a law was passed to phase out 

nuclear power generation. (Schreurs 2002) 

4.1.3 Economic Environment 

4.1.3.1 Macro-economic Conditions 

With a nominal gross domestic product of 2.5 trillion euros in 2008, Germany is the world’s 

fourth largest economy (IMF 2009). In recent years, Germany has also been the world’s 

leading exporter. In 2007, the country enjoyed a significant trade surplus of 253 billion US 

dollars (UN 2009). However, growth rates are quite low, hovering around an average of 1.5 % 
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in the period 1999-2008. As current macroeconomic data suggests, 2009 will be the third year 

after re-unification where Germany will experience a negative growth rate – most likely 

sliding into the worst recession after World War II. At the same time, unemployment rates 

remain above OECD average. (Destatis 2009) 

Germany’s 16 states significantly vary in economic strength and structure, whereas 

economic power is largely concentrated in the southern part of the country. The states in 

former East Germany (including Berlin) represent 30.4 % of Germany’s total area, 20.1 % of 

Germany’s population, and only 15.1 % of Germany’s nominal GDP. Nominal GDP per 

capita in these six states reaches approximately three quarters of Germany’s average and the 

unemployment rate is around two-thirds higher than the German average. Manufacturing 

workers have an average gross pay per hour that only reaches 71 % of the country’s average. 

(Destatis 2009) At the same time, they work around 68 hours, i.e. 5 %, longer per year (DGB 

2008). Table II in the appendix depicts key indicators for Germany and denotes the 

differences between the German average and former East Germany. 

4.1.3.2 The Market for Photovoltaics 

Despite rather unfavorable solar radiation conditions, Germany features one of the largest 

markets for PV products in the world. In 2008, around 5,500 MWp of PV capacity were 

newly installed worldwide. Germany was the second largest market with newly installed 

1,500 MWp. (EPIA 2009a) Although new installations increased by 30 % from 2007 to 2008, 

Germany’s global market share decreased from 41 % in the 2000 to 2008 period to 26 % in 

2008 (Mints and Hopwood 2009). In 2007, the main markets within Germany were Bavaria 

and Baden-Württemberg in the southern part of the country with cumulative installation 

market shares of 40.3 % and 21.6 %, respectively. The former East German states featured a 

combined cumulative installation market share of less than 7 %. (Photon 2009a) 

4.1.4 Socio-cultural Environment 

Germans are among the most conscious in the world when it comes to environmental matters. 

The acceptance of environmental laws among the population is generally high, even though 

many regulations led to higher costs for electricity, water, sewage, and waste treatment. 

(Schreurs 2002) Lauber and Mez (2004) point out that several factors influenced Germany’s 

leading position in renewable energies. Long-term dependency on foreign oil supplies led to 

dramatic consequences of the two oil shocks. This fostered the construction of nuclear power 

plants and coal power stations. However, public opinion against nuclear power shifted 
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dramatically after the Chernobyl disaster of 1986. At the same time, acid rain, the hole in the 

ozone layer, and climate change received significant attention. All these factors incited the 

government to force the promotion of renewables. In 1990, an electricity feed-in law was 

introduced that provided significant incentives to invest into renewables, esp. wind energy.  

4.1.5 Technological Environment 

In terms of infrastructure, the Global Competitiveness Report 2008-2009 – prepared for the 

World Economic Forum – ranks Germany as the world’s number one. In particular the 

extensive road and telecommunication networks received outstanding marks (Porter and 

Schwab 2008). The same report, however, also addresses some of the country’s structural 

weaknesses. In the field of technological readiness Germany only achieved the 18th position. 

Among others, this category measures the availability of latest technologies, firm-level 

technology absorption, and broadband internet subscriptions. Another report by the World 

Economic Forum – The Global Information Technology Report 2008-2009 – gives Germany 

excellent marks in the quality of scientific research institutions, innovation capacity, company 

spending on R&D, availability of latest technologies, and university-industry research 

collaboration categories. However, Germany receives mediocre ratings for government 

readiness for ICT10 and quality of math and science education in schools, among others. 

(Dutta and Mia 2009) Overall, Germany’s position significantly varies within different 

categories. Although being largely advanced, Germany possesses some structural weaknesses 

in terms of the country’s technological environment. 

4.1.6 Legal Environment 

The current Renewable Energy Sources Act (EEG) – a feed-in tariff scheme – was introduced 

in 2000 by a coalition of Social Democrats and the Green Party. However, support for the 

EEG remained strong also under the new SPD/CDU coalition that got into power in 2005. 

(Frondel et al. 2008) In January 2009, the EEG was adapted guaranteeing investments into PV 

installations between 31.94 and 43.01 euro cents per KWh for the next 20 years. The EEG is 

seen as one of the chief reasons for the successful promotion of renewable energy sources. 

From 2000 to 2007, the share of renewables of total electricity production rose from around 

3 % to 14 %. (Frondel et al. 2008; Ruhl and Wackerbauer 2008; GTAI 2009d) 

                                                 
10 ICT stands for ‘information and communication technologies’. 
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4.1.7 Ecological Environment 

Ecological factors, such as climate, climate change, and extreme variances in weather 

conditions, have the power to affect a variety of different industries. Increasing environmental 

consciousness, for example, has a positive effect on the demand for renewable energy sources, 

including PV products. In terms of effects of climate conditions, it is most noteworthy that 

Germany is not necessarily a preferred location for PV installations. The country’s location in 

central/northern Europe leads to a considerably low exposure to solar radiation. Although 

southern Germany has a similar solar radiation potential as northern Italy, most of Germany 

has comparable radiation values to Alaska (SEIA 2009). Therefore, solar panel installations in 

Germany are less efficient in generating energy than in most other countries, increasing the 

importance of subsidies as a driver of demand. 

The following section outlines the findings from assessing the national diamond for the 

solar cell industry in Germany. In combination with the PESTLE framework, the diamond 

provides the practical foundation for answering the research questions. 

4.2 The National Diamond 

This section follows the common approach of a diamond analysis of a country’s industry. The 

section begins with outlining the historical development of the PV sector and the solar cell 

industry in Germany. Hereafter, the current size and scope of the industry are depicted. 

Following this, the factors in the national diamond for the German solar cell industry are 

presented. As mentioned earlier, the evaluation of the factors is based on a relative assessment 

vis-à-vis a peer group consisting of China, Japan, Taiwan, and the United States. The 

complete diamond is provided in Table III in the appendix. 

4.2.1 Historical Development of the Photovoltaic Sector in Germany 

The history of producing PV products in Germany traces back until the late 1950s. Due to 

high costs, however, the first applications were limited to the aerospace industry. In the early 

1990s, the first significant amount of rooftop installations took place, funneled by the 1,000 

roofs program of the federal government. At this time, only a few large firms in western 

Germany were active in the field (namely AEG Telefunken, Wacker, and Siemens). Due to 

the abstinence of a renewed installation incentives scheme, the market for PV declined after 

the phase out of the 1,000 roofs program in 1994. Consequently, firms ceased production or 

relocated manufacturing abroad. In 1999, the federal government established the 100,000 

roofs program. This program incorporated zero interest rates and a ten-year payback time for 
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investors. In conjunction with the feed-in tariff scheme EEG it led to the beginning of mass 

production of PV products in Germany. Initially, however, German suppliers were not able to 

supply the booming demand – imports from foreign countries, namely from Japan, were the 

consequence. (Räuber 2005; Richter et al. 2008; Brachert and Hornych 2009)  

Over time, the steep increase in demand also enabled new firms to enter the market. The 

first new entrants located production in eastern Germany. In 2009, former East Germany still 

represented the core of solar cell production in Germany, as outlined in the next section. 

4.2.2 Size and Scope of the German Agglomeration 

This section describes the agglomeration of firms in Germany. As stated previously, solar cell 

firms and firms in related industries are not equally distributed across Germany. Conversely, a 

clustering of some activities can be observed. In early 2009, the largest German solar sector 

association, BSW, estimated that there are 15,000 firms active in the PV field in Germany 

employing around 70,000 people. The vast majority of these firms are handicrafts enterprises. 

More than 200 firms are active in the production of cells, modules, and components (e.g. 

inverters). In 2008, the sector achieved revenues of approx. 8 billion euros. (BSW 2009a) 

Accordingly, the PV sector and the solar cell industry have become important economic 

activities within a relatively short time frame. 

Figure 7 depicts (a) the locations of firms active in the PV value system, 

(b) manufacturers of PV equipment, and (c) centers for research and development. 

Figure 7: Spatial Distribution of PV-related Activi ties within Germany (2009) 

 a)  Production: Silicon, Wafers,  b) PV Equipment Suppliers c) Research Institutes 
 Cells, Modules 

     
Sources: GTAI (2009a; 2009b; 2009c) 

a) The first map shows the locations of manufacturing firms along the key activities in 

the PV value system: silicon, wafers, cells, and modules. Locations for silicon and wafer 
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production, represented by dark grey circles in the first map, are mainly located in former East 

Germany (seven out of ten). By far the largest producer of silicon, however, is located in 

southern Germany. Producers of crystalline cells, represented by light grey circles, are less 

strongly concentrated. Out of nine crystalline solar cell locations, only three can be found in 

former East Germany. Yet, by far the largest cell firm, Q-Cells, is located in the former East11. 

Crystalline module manufacturers (white circles) are more heavily concentrated. Out of 18 

locations, 12 can be found in former East Germany. Fully integrated production locations, 

represented by bright yellow circles, are solely located in former East Germany. The heavy 

agglomeration of firms active in thin-film technologies (circles with lighter shades of yellow) 

is most impressive. Out of 29 thin-film production locations, 26 are located in the former East. 

The importance of the agglomeration becomes more tangible when looking at production 

figures. In 2007, 80 % of all modules, 90 % of all solar cells, and even 100 % of all wafers 

were produced in former East Germany (Lütter et al. 2008).  

b) The second map shows the locations of PV equipment manufacturers. The different 

shades of the circles represent 11 different equipment classes, for example turnkey lines for 

modules and crystalline cells and equipment for laser processing. Although a majority of 

firms is located in southern and western Germany, firms in former East Germany cover nine 

out of 11 equipment classes (GTAI 2009b). 

c) The third map shows the spatial distribution of research institutes and university 

research with connections to PV. It shows similar patterns as the previous two distributions. 

In R&D, activities are mainly located in the areas with firms connected to PV: in south-

western Germany due to the presence of equipment suppliers, and in former East Germany 

due to the presence of manufacturers of PV products (such as cells, modules, etc.). On the 

other hand, the agglomeration of PV firms also led to the establishment of research facilities 

in immediacy. Out of 62 locations, 24 are within the former East. 

In the following, key factors of the national diamond are outlined. The findings are 

assessed in the fifth part of this thesis; discussing the most significant location-specific 

advantages and disadvantages. As mentioned before, the complete diamond is provided in 

Table III in the appendix. 

4.2.3 Factor Conditions 

This study follows Porter (1990) by assessing five main categories of factor conditions: 

human resources, physical resources, knowledge resources, capital resources, and 

                                                 
11 In 2008, Q-Cells alone represented almost 40 % of German cell production (Hirshman et al. 2009). 
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infrastructure. In the following, the results for the different factor conditions are briefly 

described. 

4.2.3.1 Human Resources 

In the human resources category, three main factors were taken into consideration: labor 

market costs, labor quality, and the availability of specialized labor.  

Overall, labor market costs in manufacturing are drastically higher in Germany than in 

the peer group; they are even 50 % above the United States (BLS 2009). In East Germany, 

however, labor costs are lower than in the former West. Furthermore, labor market rigidity is 

among the highest in the world (IFC 2009). Labor quality, on the other hand, is among the 

world’s best, with productivity figures in manufacturing comparable to the United States and 

by far superior to Japan and China (Suzuki 2007). Labor quality is also positively affected by 

the very high output of PhDs in natural sciences and a very good vocational training system. 

The nominal PhD output is only second to the United States and by far the highest per capita 

in the peer group. (Moguérou 2005) The last factor considers the availability of specialized 

labor. Specialized labor is available from highly related industries, such as semiconductors 

(e.g. ‘Silicon Saxony’), and cluster-specific labor. In comparison to Germany’s peers, the 

solar cell industry is highly concentrated with a high number of competitors (Epp 2007; 

Hirshman et al. 2009). This allows for labor market pooling and specialized training sites. A 

currently build vocational training site in Erfurt, for example, will provide spaces for up to 

351 students in the PV field (Maruschke 2009). Additionally, German universities offer more 

than 100 bachelor programs and almost 80 master programs with a focus on renewables. Of 

these study programs, 20 have an exclusive focus on PV. (WILA 2009) 

4.2.3.2 Physical Resources 

The physical resources category includes geographic factors, such as location and climate 

conditions, and selected inputs. For geography, Germany’s central position in the world’s 

largest PV market – Europe – is noteworthy and potentially beneficial. As outlined before, 

climate conditions are stable and weather extremes rare – as is extensive sunshine. Energy 

costs, on the other hand, are significantly above other countries such as the United States and 

Taiwan (NSW Government 2009). 

4.2.3.3 Knowledge Resources 

The knowledge resources category incorporates an assessment of universities and research 

institutes and governmental and firm investments into R&D. Despite the young history of the 
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sector, German universities are active in significant basic research in the PV sector. 

Nevertheless, research institutes are the most important source for PV knowledge generation 

in Germany. The most notable research institutes in Germany are the Fraunhofer Society12, 

Max Planck, and the Helmholtz Centre Berlin for Materials and Energy. These research 

institutes build the foundation for several start-ups in the solar sector. Whereas Max Planck 

and Helmholtz are focusing on basic research, Fraunhofer is leading in applied research. A 

recent ranking by the publishing house Elsevier (2009) serves as an indicator for Germany’s 

leading position in PV R&D. Elsevier ranked Germany as the global number two in the depth 

of PV research behind the United States. This position is founded in large governmental and 

private investments into PV R&D. On a global scale, Germany’s government provides the 

second highest investments into PV R&D behind the United States (IEA 2007). This funding 

combined with the presence of world leading research institutes, such as Fraunhofer and Max 

Planck, create a unique scientific foundation for PV research. 

4.2.3.4 Capital Resources 

In the capital resources category, two factors were taken into consideration. First, venture 

capital availability and second, supply of debt capital. The World Economic Forum’s Global 

Competitiveness Report (Porter and Schwab 2008) ranks Germany number 33 in the ‘venture 

capital availability’ category – in the peer group second only to the United States. In the 

‘getting credit’ category, Germany is ranked number 12 – in-line with Japan, superior to 

Taiwan and China, but below the United States. 

4.2.3.5 Infrastructure 

The infrastructure category includes three factors: the quality of the transportation and 

communication systems, the health care system, and quality of life. The World Economic 

Forum’s Global Competitiveness Report (Porter and Schwab 2008) ranks Germany on the top 

spot for its extensive transportation and communication infrastructure. Particular strengths 

reside in the far-reaching highway network, a good railway system, an extensive airport 

network, a highly sophisticated mail and parcel delivery system, and an advanced telecom 

network. In the health care category, only Japan is ranked in the peer group ahead of Germany. 

Quality of life is important to attract and retain domestic and foreign talent. The quality of life 

category, however, does not represent a significant strength of Germany. The Economist 

                                                 
12 The Fraunhofer Society comprises of 58 research institutes with different focuses, 40 locations in Germany, an 
annual budget of 1.4 billion euros, and around 15,000 employees. Dresden in Saxony features the highest 
number of Fraunhofer institutes in a single location in Germany with around 1,400 employees. (Fraunhofer 2009) 
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ranks Germany lower than Japan and the United States, comparable with Taiwan, and 

significantly above China. (EIU 2005) 

The next section continues with outlining demand conditions as the second corner of the 

national diamond. 

4.2.4 Demand Conditions 

Domestic demand has played a central role in attracting domestic and foreign investments into 

solar cell production in Germany. Because the demand for solar cells is directly determined 

by the demand for PV systems, evaluating demand conditions is a combination of assessing 

end-consumer markets, i.e. the market for PV installations, and the market for solar cells (to 

be processed into modules and systems). As proposed by Porter (1990), evaluating demand 

conditions is based on assessing the categories home demand size and patterns of growth and 

home demand composition. Due to a lack of relevant data, internationalization of demand was 

not evaluated. 

4.2.4.1 Home Demand Size and Patterns of Growth 

Home demand size and patterns of growth incorporate an assessment of four factors, local 

demand size, independent buyers, rate of growth of home demand, and early home demand. 

In 2007, Germany was the largest market for PV installations in the world. Although Spain 

took this position in 2008, Germany is expected to regain its premier position in 2009. (EPIA 

2009c) As a result, Germany clearly features one of the largest and most stable PV markets in 

the world. This market dominance led to the establishment of new, independent firms 

processing PV cells into modules. In 2006, there were more than 16 independent solar module 

producers in Germany with production shares reaching from 0.9 % to 22.2 % (Photon in DGS 

2008). At the same time, the market growth is significantly above the growth of the rest of the 

economy. In the period 2004-2008, the annual growth rate in new installations was around 

27 %. Due to the EEG, Germany was also one of the first markets in the world to develop a 

significant demand for PV products. In 2004, Germany overtook Japan as the leading market. 

(EPIA 2009c) 

4.2.4.2 Home Demand Composition 

The home demand composition category in the national diamond is determined by the factors 

segment structure of demand relative to world demand, local demand quality, and anticipatory 

buyer needs. By and large, Germany’s demand structure in PV does not resemble world 

markets. Due to the EEG, end consumers are usually private house owners. As a result, most 
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installations are grid-connected distributed systems (e.g. on roof-tops of residential houses) – 

which is incomparable to the United States and Spain, where the share of PV power plants is 

much higher. (IEA 2007; EuPD 2008; BSW 2009a) On the other hand, local demand quality 

and anticipatory buyer needs are potentially beneficial for the location. German end 

consumers were among the first to develop a significant demand for PV products compared to 

other countries. As a result, end consumers and technical firms are well educated in terms of 

solar panel quality and product features. Among others, this is facilitated by publications and 

institutions testing product quality (for example, Stiftung Warentest, TÜV). The German 

market also anticipated the global shift towards grid-connected systems that has been taking 

place in the last years (IEA 2007). 

4.2.5 Related and Supporting Industries 

Internationally competitive related and supporting industries can further enhance the national 

advantage of a certain industry. In this corner of the diamond, two categories were assessed: 

supplier industries and related industries. 

4.2.5.1 Supplier Industries 

The assessment of supplier industries focuses on three categories: local equipment suppliers, 

materials suppliers, and openness to imports of important supplies. 

Local equipment suppliers are undisputed global market leaders. Around 50 % of global 

revenues in PV manufacturing equipment are generated by German firms (Maiser 2009). At 

the same time, Germany is the home-base of world leading suppliers in all important different 

types of equipment, e.g. vacuum technology, laser technology, and glass coating (Ruhl and 

Wackerbauer 2008). This exceptional world market position indicates that German firms are 

technology leaders in the field. As outlined by Porter (1990), their strong position can have 

spillover effects on domestic firms. For example, solar cell firms and machinery suppliers in 

Germany cooperate in the development of new production equipment, such as automation 

machinery.  

The presence of leading materials suppliers can be another potential benefit of a location. 

In the manufacturing of solar cells, the materials silicon/wafers, glass, and chemicals are 

crucially important. Germany is the home-base of one of the four largest silicon firms in the 

world, Wacker Chemie (Lütter et al. 2008). The other two materials considered in the national 

diamond, the manufacturing of glass and chemicals, are also long-established strengths of the 
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German economy. In both industries, Germany is the world’s second largest exporter (UN 

2009). This indicates the presence of two leading industries.  

The third factor assessed in the supplier industries category is the openness of the 

German economy to foreign supplies. The World Bank assessed Germany as being the most 

open economy within its peer group in the ‘trading across borders’ category (IFC 2009). 

Additionally, Germany is part of the European common market which simplifies trade across 

European Union member states. 

4.2.5.2 Related Industries 

According to Porter (1990), related industries share customers, technologies, or distribution 

channels. Related industries allow for information flow, coordination, and technical 

interchange. They can also be a source of new entrants.  

In the national diamond, three related industries were assessed: semiconductors, 

electronics, and solar modules (crystalline). The first related industry, semiconductors, and the 

PV industry share the same inputs and common technologies. Today, Saxony in former East 

Germany features Europe’s largest microelectronics/semiconductors agglomeration (Silicon 

Saxony 2009). However, the competitiveness of the microelectronics industry can be disputed 

as it is currently in decline (Müller-Thederan and Hofer 2009). Despite the current downturn, 

the industry can still be a source of competitive advantage for the solar cell industry, esp. 

taking knowledge transfer via labor mobility into account. The second related industry is 

electronics, especially power engineering and inverters. In power engineering, Germany is the 

world’s second largest exporter behind China (Ehmer 2009). In inverters, Germany is the 

world’s undisputed number one with a world market share of roughly 45 % in 2007 (Lütter et 

al. 2008). The third related industry, crystalline solar modules, is included in the analysis as 

the immediate step in the value system following the production of crystalline solar cells. In 

2006, Germany was the second largest module manufacturer in the world behind Japan 

(Photon 2007). In 2007, 14 German crystalline module manufacturers accounted for about 

97 % of domestic production. However, a large share of modules was imported as domestic 

demand outperformed domestic supply. 

4.2.6 Firm Strategy, Structure, and Rivalry 

According to Porter (1990), firm strategy, structure, and rivalry are among the strongest 

forces for competitive advantage in an industry. Especially domestic rivalry is crucially 

important. In the case of Germany, three factor categories were evaluated: rivalry, cooperation, 
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and the local investment context. Firm strategy is omitted from this part of the analysis as it 

does not constitute a location-specific advantage following Dunning (1979). 

4.2.6.1 Rivalry 

Rivalry was assessed based on the four categories: vigorous competition among local 

companies, strong antitrust laws, openness to import competition and foreign direct 

investments, and the threat of new entrants. 

The Global Competitiveness Report outlines that Germany generally constitutes a 

healthy environment for domestic competition. In the ‘intensity of local competition’ category, 

Germany was ranked number one globally. (Porter and Schwab 2008) Among domestic solar 

cell firms, competition is equally fierce and most firms fight for market share based on 

reducing costs – rather than differentiation. The high number of domestic firms producing 

solar cells (the second highest number behind China), the amount of independent market 

leaders, and the presence of firms in various technologies are indicators for a vital competitive 

environment. In order to remain cost competitive, firms rely on proprietary knowledge, 

varying degrees of vertical integration, input contracts (e.g. for silicon), and capital linkages 

to diversify their technology portfolios (see Figure V in the appendix). As firms expand to 

obtain scale advantages, competition is further intensified. From 2008 to 2009, firms 

producing in Germany plan to increase production output by 57 %. This figure is far above 

Germany’s predicted market growth of 33.3 %. The combination of declining world markets 

and steep production capacity increases will further intensify price competition. The 

following table depicts a numerical assessment of the key firms in the German solar cell 

industry with annual production capacities of more than 20 MWp. 

Table 1: Crystalline Cell and Thin-film Module Manufacturing in Germany 

Technologies 
 

Number 
of firms 

 

Number 
of employees 

Planned 
production in 
2009 (in MWp) 

Capacity by 
the end of 2009 

(in MWp) 

Production in 
2008 (in MWp) 

 
Thin-film 16 2,620 > 515.0 1,029.0 258.0 
Crystalline (silicon-based) 10 5,543 1,709.0 2,121.0 1,142.0 
Thin-film and crystalline 1 680 295.0 355.0 138.0 

Sum 27 8,843 > 2,519.0 3,505.0 1,538.0 
Source: calculated from Hirshman et al. (2009), employee data from GTAI (2009a) 

Strong antitrust laws and openness to import competition are two additional factors that 

determine rivalry. In the category ‘effectiveness of anti-monopoly policy’, the World 

Economic Forum ranks Germany second in the world and well ahead of its peers. In the same 

report, Germany is ranked ahead of its peers in the ‘business impact of rules on FDI’ category 
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– measuring to what extent rules encourage foreign direct investments. (Porter and Schwab 

2008) Generally, Germany is very open to foreign competition and FDI. For example, the 

provision of investment subsidies is not bound to a firm’s country of origin.  

The final component assessed in the rivalry category, the threat of new entrants, is 

equally strong. The solar cell industry continues to attract established firms from related 

industries, such as glass makers, energy, electronic, and chemical firms. Especially the 

ascendance of glass-based thin-film technologies enables glass makers to utilize their 

technological capabilities in a new industry. Examples for new entrants can be found under 

the ‘context for strategy and rivalry category’ in Table III in the appendix. 

Overall, domestic rivalry, strong antitrust laws, and Germany’s openness to import 

competition provide a good foundation for vigorous competition among domestic and foreign 

firms. New entrants from related industries further facilitate rivalry. 

4.2.6.2 Cooperation 

Competition on the one side and selective cooperation on the other provide a good foundation 

for sustainable competitive advantage. However, Porter (1990) warns against direct 

cooperation between competitors as it undermines competitive advantage in the long haul. On 

the contrary, cooperation through trade associations for factor creation (e.g. in the form of 

training centers, promoting specialized infrastructure and university research) is desirable. 

This diamond analysis assesses two possible dimensions of cooperation: first, cooperation 

among local companies and second, through local industry associations. 

Cooperations between direct competitors appear to be rare. One of the few examples 

includes Schott Solar and Ersol. Both firms are cooperating in thin-film technology research 

(Schott Solar 2009b). Overall, cooperations between local competitors do neither signify an 

advantage nor a disadvantage in the German diamond. 

The second dimension of cooperation is facilitated by industry associations. Probably 

the most important industry association is the Spitzencluster Solar Valley initiative. In this 

initiative, firms agreed to work towards achieving grid parity until 2015. Among others, the 

initiative includes shared R&D efforts, creating an affluent network of firms, and the 

establishment of learning opportunities. As one of the five winners in the federal 

government’s cluster competition, the Spitzencluster Solar Valley was awarded 40 million 

euros over a five year period13. This money is dedicated to promote cooperations in R&D, 

staff training, and to attract specialists and executive staff. In 2008, this cluster initiative 

                                                 
13 The criteria for assessing clusters can be found in Table IV in the appendix. 
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comprised of 26 companies, seven research institutions, and four universities in the three 

eastern German federal states Thuringia, Saxony, and Saxony-Anhalt14. (Fraunhofer 2008) 

Other beneficial sources of cooperation include industry associations, such as BSW (Germany) 

and EPIA (Europe). Both, BSW and EPIA, represent the industry towards policy makers and 

the public and bundle lobbying efforts. Table V in the appendix shows a non-exhaustive list 

of examples of industry associations with German participation. 

4.2.6.3 Local Investment Context 

The final component in the context for strategy and rivalry category is the local investment 

context. The local investment context is assessed taking four factors into account: economic 

stability, taxation, intellectual property rights protection, and subsidy schemes. 

The World Economic Forum ranks Germany as number three in its peer group in 

‘macroeconomic stability’ and ‘total tax rate’. In the ‘property rights protection’ category, 

Germany was ranked number six globally and number one in its peer group. (Porter and 

Schwab 2008) Generous subsidy schemes in East Germany are one of the major attractions to 

domestic and foreign investors. Firms can receive up to 50 % of investment costs in tax 

brakes and direct subsidies when investing in the former East (GTAI 2009e). Germany Trade 

& Invest (GTAI), Germany’s investment agency, further facilitates investments by assisting 

firms in all investment concerns. 

The next section assesses the factors government and chance. As outlined before, the 

German government played a crucial role in promoting renewable energies, such as wind and 

solar power. 

4.2.7 Government and Chance 

Government and chance are two residual factors in the national diamond. Their influence is 

exerted through the other factors in the diamond. As outlined before, the federal government 

was one of the first to promote renewable energy generation. With the EEG, the German 

government laid the foundation for an unprecedented growth in demand for PV products. This 

steep demand increase, combined with the presence of know-how in PV, investment 

incentives, and a relatively low price consciousness of consumers laid the foundation stone 

for the expansion of domestic production. Local governments and the federal government 

were further very active in promoting Germany and particular regions within Germany as 

production locations vis-à-vis firm executives.  

                                                 
14 The project leader is Fraunhofer CSP, the Center for Silicon Photovoltaics in Halle/Saale, Saxony-Anhalt. 
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As pointed out by Porter (1990), chance events allow for a shift in competitive position. 

The PV sector continues to be dependent on governmental help to support demand. 

Consequently, chance events, such as the political decision by the Spanish government to 

strictly limit PV installation subsidies, have serious consequences also for the solar cell 

industry. In the Spanish case, the decision of one government turned the market outlook from 

growth to decline within one year. As a result, governmental initiatives can have the power to 

result in changes in competitive position, depending on the type and scale of the initiative. 

After assessing location-specific factors in the national diamond, the next sections 

continue with outlining ownership-specific factors of domestic and foreign firms. These firms 

have in common that they decided to locate production in Germany, i.e. to internalize the 

market. Combining their firm characteristics with location-specific factors in the national 

diamond builds the foundation for answering the second research question. 

4.3 Domestic Firms and Inbound Foreign Direct Investments 

Ownership-specific advantages can have different foundations. For example, they can be 

based on firm size and the established position of a firm, access to administrative, managerial, 

R&D, and marketing capacity, or reside in information advantages vis-à-vis other firms. 

Ownership-specific factors, in combination with location-specific factors, incite firms to 

locate in a certain nation, i.e. to internalize a market. However, the combination of ownership-

specific factors and location-specific advantages can also favor the home nation of a firm. In 

that case, a firm would rather engage in exports or portfolio resource transfers than FDI. 

(Dunning 1979) 

In the following, a sample of 27 firms is assessed in terms of ownership-specific factors. 

The first component is a study of the 18 domestically owned firms in the firm sample. The 

second component is a study of the nine inbound foreign direct investments into solar cell 

production in Germany. Studying FDIs offers the opportunity to outline location-specific 

advantages from the perspective of foreign investors. Although these firms have unlimited 

choices in where to locate production and R&D, they often have specific rationales on why to 

prefer one location over another. These investment rationales were gathered for all nine 

foreign direct investments. The complete data collection on the firm sample is provided in 

Tables VI – VIII in the appendix. 
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4.3.1 Introduction to the Firms 

The firm sample covers all firms with significant crystalline solar cell and integrated thin-film 

module production in Germany by mid-2009, i.e. firms with more than 20 MWp capacity p.a. 

The 27 firms vary significantly in age, technologies, size, and vertical integration, as outlined 

below. 

The oldest firms entered the German market in the beginning of the 1990s. The period 

1995-1999 saw the entrance of some of today’s largest German cell producers, Ersol, Q-Cells, 

and SolarWorld. After a relatively quiet period from 2000-2004 with only four new entrants, 

the last four years have been remarkable in terms of new firms entering the market. Among 

the 16 new entrants in the period 2005-2008, the majority of 13 firms is utilizing thin-film 

technologies. As of today, thin-film production technologies have become the norm for the 

largest share of firms in the sample. The vast majority of foreign firms (seven out of nine) 

also entered within the last four years. Firms also significantly vary in size. In 2008, the five 

largest producers, Q-Cells, First Solar, Ersol, SolarWorld, and Schott Solar, represented more 

than 75 % of Germany’s solar cell output. With the exception of First Solar, all other four 

firms mainly produce crystalline solar cells. As the final component, firms also vary in terms 

of depth of vertical integration. In the crystalline PV value system, most firms cover more 

than only the cell production step, as can be seen in Figure 8. In comparison, almost all thin-

film firms only focus on their core activity in the value system, i.e. the production of thin-film 

modules (see Table VI in the appendix).  

The next part continues with outlining the results of analyzing domestic firms. 

Figure 8: Degree of Vertical Integration amongst Crystalline Cell Firms 

 
Source: based on own research, information derived from annual reports and company websites 

(see Table VI in the appendix for data sources) 
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4.3.2 Domestic Firms 

The first part of outlining ownership-specific factors is based on studying domestically owned 

firms – representing the largest fraction of firms in the sample. As outlined by Dunning 

(1979), ownership-specific advantages can have different foundations. Accordingly, the 

author of this study categorized firms in the sample based on firm age and size, production 

technologies and proprietary assets, capital linkages, and product portfolio. Based on the 

categorization and the judgment of the author of this study, three broad types of potential 

ownership-specific advantages have been identified.15 

According to this classification, firms derive advantages from (i) firm size and/or an 

established position, (ii) proprietary technology, and (iii) exclusive or favored access to inputs, 

e.g. technologies, material inputs, and capital. The first category includes mature firms that 

have proven products and production techniques. Due to their size and market position they 

can benefit from scale economies. The second category mainly includes young firms that are 

in a relatively early stage of commercializing their products. In most cases, they have not yet 

built up significant production capacities. Their products and technologies are promising, but 

it is highly unclear whether they will ever be able to really commercialize their products in 

larger scales. The last category is based on advantages derived from exclusive or favored 

access to inputs. In many cases, these advantages are drawn from mature parent firms within 

the same or related industries. In other instances, firms have strong external investors that 

back their development. 

The majority of domestic firms in the sample derives ownership-specific advantages 

from a combination of two of the three factors, for example proprietary technology and 

exclusive access to inputs. Sovello, for example, can both benefit from its position as a large 

producer of solar cells and access to capital and knowledge resources from its parent firm, Q-

Cells. The large early entrants, such as Ersol, Q-Cells, and SolarWorld, clearly benefit from 

their established positions. Due to linkages to raw material and capital providers, they also 

have preferential access to selected inputs. Analyzing their capital linkages also reveals 

important patterns in firm strategy, e.g. in securing against technological log-in. Q-Cells, for 

example, outsourced thin-film technologies to subsidiaries and co-located them next to its 

own production in the city of Thalheim. Ersol and Schott Solar, on the other hand, are only 

active in one thin-film technology. Figure V in the appendix shows capital linkages amongst 

                                                 
15 This categorization provides an indication of most probable ownership-specific advantages of the firms in the 
sample. However, it does not follow that these ownership-specific advantages are actually sustainable. 
Evaluating proprietary technologies, for example, lies outside of the scope of this project. 



The Solar Cell Industry in Germany · A Young Industry at Crossroads 
Stephan Jeznita · Copenhagen Business School 

 
 

 45 

the largest firms. Conversely, most small firms have to mainly rely on their proprietary 

technology. 

Some German cell firms also decided to engage in significant outbound foreign direct 

investments. These firms include Q-Cells, Schott Solar, SolarWorld, and Ersol. Their 

investments are depicted in Table 2. All four firms have in common that their ownership-

specific advantages are based on a combination of firm size and established position on the 

one hand and favored access to inputs, namely capital and raw materials, on the other. They 

also have in common that their production is mainly based on crystalline solar cells. 

Table 2: Major Foreign Direct Investments of German Solar Cell Firms 
 

Company 
 

 

Business Activity 
 

Host Country Investment 
(mill. euros) 

Year 
Announced 

Q-Cells Cells Malaysia 1,000 2008 
Schott Solar Cells, modules USA 338 2008 
SolarWorld Wafers, cells USA 330 2007 
SolarWorld Cells, modules South Korea 30 2007 
Ersol Silicon USA N/A 2006 
Ersol Modules China N/A 2005 

Sources: FTD (2008), Schott Solar (2008), SolarWorld (2007; 2008), Ersol (2006; 2009c) 

The next section assesses inbound foreign direct investments. Evaluating firm 

investment rationales allows drawing conclusions of the attractiveness of the German location 

for outside investors. A sub-summary on the ownership-specific advantages of domestic and 

foreign firms concludes with this part of the thesis. 

4.3.3 Foreign Direct Investments 

The nine firms in the foreign direct investment sample have invested close to 730 million 

euros into their German production facilities. In 2008, their production output equaled around 

300 MWp. Table VII and Table VIII in the appendix provide an overview over firms, 

technologies, locations, other investment specifics, and investment rationales. 

The following two sub-sections briefly describe investment specifics, ownership-

specific advantages, and investment rationales. Most firms had good reasons to choose 

Germany as their location based on their ownership-specific characteristics, as outlined below. 

4.3.3.1 Investment Specifics 

Out of nine firms, seven have chosen to locate production in former East Germany. Two 

Dutch firms have located their production in close spatial proximity to their home country in 

North Rhine-Westphalia in western Germany. A slight majority of firms originates from 

North America (five firms), two are from the Netherlands, one from the United Arab Emirates, 
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and one firm is a joint-venture between Shell (Netherlands/United Kingdom) and Saint-

Gobain (France). In terms of size, three investments certainly stick out. The largest 

investment, conducted by Avancis, the aforementioned Shell/Saint-Gobain joint-venture, has 

a size of more than 270 million euros. Number two, conducted by Masdar from the United 

Arab Emirates, has a size of around 150 million euros. The third largest investment stems 

from the American firm First Solar and is 117 million euros in size. For six firms, investment 

subsidy data were available. With subsidy shares of close to 50 % of total investments the two 

firms Arise Technologies from Canada and Signet Solar from the United States are most 

noteworthy. Until today, however, most foreign firms rely on rather new and unproven thin-

film technologies and have not yet obtained significant production scales. As a result, seven 

out of nine firms can be classified into the second category of ownership-specific advantages, 

i.e. advantages based on proprietary technology; some in combination with favored access to 

inputs. 

4.3.3.2 Investment Rationales 

In order to evaluate Germany’s location-specific advantages from an outsider perspective – 

the perspective of multinational firms – investment rationales have been gathered for all nine 

companies. The in-depth analysis of investment rationales reveals the following patterns: in 

all cases but one, a combination of factors was decisive for choosing Germany over any other 

location in the world. Out of the nine firms studied, eight firms based their investment 

decision partly on the good availability of either knowledge resources or human capital. Six 

firms also considered access to the large German and European markets as a key reason for 

investing in Germany. For four firms, some sort of proximity played a major role in their 

investment decisions. For both Dutch firms, proximity to the Netherlands was a key factor for 

investing in western Germany. For Avancis (Shell/Saint-Gobain), proximity to Saint-Gobain’s 

glass facility was important. The reason is that Avancis produces thin-film modules with glass 

made by Saint-Gobain as the medium. Global Solar Energy, on the other hand, decided to co-

locate to its German partner’s facilities in Berlin (the firm Solon). In at least four cases, firm 

representatives state that the availability of subsidies played a major role – although this 

criterion appears to be important in all cases where subsidies were available. Additionally, 

many firms praised the support they received from local governments and investment 

agencies, namely Germany Trade & Invest (GTAI). First Solar (USA), for example, states 

“Frankfurt (Oder) was selected as the site for First Solar’s first manufacturing facility outside 

the United States to take advantage of the qualified and cooperative local workforce, existing 



The Solar Cell Industry in Germany · A Young Industry at Crossroads 
Stephan Jeznita · Copenhagen Business School 

 
 

 47 

infrastructure, and enthusiastic support from local, state and federal governments.” (First 

Solar 2009b) 

Signet Solar’s (USA) vice president of business development, Keshav Prasad, 

summarizes Germany’s location-specific advantages as follows: “Many others are trying to 

replicate the German success but it will take time. No other country has the combination of 

solar PV installation, solar PV research, and solar PV manufacturing that Germany has 

today.” (Harris 2007) 

4.3.4 Sub-summary 

Germany is home to different types of solar cell firms. They can be distinguished by 

ownership, size, age, technology, in terms of vertical integration, etc. In a broad 

categorization, firms derive ownership advantages mainly from their size and established 

position, proprietary knowledge, and/or exclusive or favorable access to inputs. As of 2009, 

the industry is dominated by a few domestic, deeply vertically integrated, mature crystalline 

silicon firms. On the one hand, Germany is also home to young thin-film firms in early stages 

of commercializing their products; either domestically or foreign owned. These firms have to 

rely on proprietary technology, partly in combination with exclusive or favorable access to 

inputs, as they have not yet obtained significant scale. Until today, however, it is highly 

unclear which technologies will prevail and which firms will survive. 

In the next part of this thesis, the two research questions are answered. Answering them 

incorporates the findings from the analysis of domestic and foreign firms and the location-

specific factors found in the national diamond analysis. 

5. Findings 

This part aims at answering the two research questions. First, how competitive the German 

solar cell industry is in an international comparison and second, what types of unique 

location-specific advantages Germany offers to solar cell producers – the latter in 

combination with firm characteristics.  

Evaluating the competitiveness of the German solar cell industry is based on trade 

statistics obtained from the United Nations Commodity Trade database (UN 2009), the largest 

and most comprehensive publicly accessible trade database, and FDI data. Although the aim 

of this project is to assess the competitiveness of the German solar cell industry, publicly 

available trade data only allows for analyzing the solar cell industry in combination with other 

related industries: Comtrade’s closest category includes crystalline solar cells, crystalline 
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solar modules, thin-film solar modules, and light emitting diodes (LEDs)16 . Therefore, 

Comtrade data can only be an approximation for Germany’s share in imports and export of 

solar cells, and hence, Germany’s competitive position in the solar cell industry.  

Assessing location-specific advantages includes evaluating competitive strengths and 

weaknesses, the spatiality of location-specific factors, and ownership-specific factors of firms. 

In the following, the first research question is assessed. 

5.1 The Macro-level Competitiveness of the German Solar Cell Industry 

Scholars have suggested several measures to identify competitive industries. Rugman and 

D’Cruz (1993), for example, prefer to solely focus on FDI data. Cartwright (1993) combines 

export shares and firm profitability to identify competitive industries in New Zealand, 

whereas Porter (1998) assesses this approach to be unreliable. According to Porter, firm 

profitability is heavily influenced by the nations’ different accounting standards, protectionist 

policies, data availability, varying degrees of company diversification, etc. Porter’s method is 

based on a combination of export shares, trade diversification, outbound FDI, and trade 

balance. In this thesis, Porter’s approach is favored due to the aforementioned critiques and 

the unavailability of firm profitability data as a result of the small size of many firms in the 

sample. Consequently, assessing the competitiveness of the German solar cell industry is 

following Porter’s four main criteria: (i) the presence of substantial exports, (ii) diversified 

trade to a wide array of nations, (iii) significant outbound investments, and (iv), a positive 

trade balance. (Porter 1998; Porter et al. 2000)  

Porter assesses the first criterion based on export shares, i.e. the size of the exports in a 

particular industry as a share of total world exports in that particular industry in the same year 

(Öz 2002):  

Industry Export Share Country A, Year X = 

Industry Exports Country A, Year X / Industry Exports World, Year X 

Criterion 1 is fulfilled if the export share of the industry is higher than the country’s 

share in world exports: 

Industry Export Share Country A, Year X > World Export Share Country A, Year X 

                                                 
16 The best approximation for exports and imports in the solar cell industry is represented by category 8541 40 in 
the Comtrade database: “Photosensitive/photovoltaic/LED semiconductor devices – photosensitive 
semiconductor devices, including photovoltaic cells whether or not assembled in modules or made up into panels; 
light emitting diodes.” 
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 After this assessment, the number of trading partners was analyzed. Hereafter, 

outbound FDI and the trade balance were accounted for. Industries that possess a negative 

trade balance are usually not considered competitive, unless their world export share is twice 

the nation’s world export share (Konsolas 2002). In the following, the four criteria are 

assessed based on Comtrade data. 

5.1.1 Criteria 1 and 2: Share of World Exports and Diversified Trade 

Analyzing Comtrade data reveals that Germany’s share in world exports in the PV sector was 

above Germany’s total world exports in 2007 – a 9.45 % share of world exports vs. a 10.9 % 

share in PV exports. Preliminary trade data suggests that Germany’s export share in PV was 

at 12.7 % in 2008. (UN 2009; WTO 2009) Accordingly, criterion 1 is fulfilled: the share of 

world exports in the particular sector was approx. 15 % higher in 2007 than the total share of 

world exports. In the last several years, the export share in PV has continuously improved. 

However, as can be seen from Figure 9 and Table IX in the appendix, the years 2007 and 

2008 represent the first two years where Germany’s export share in this category was above 

the country’s total export share: 

Figure 9: Export Share Development over Time (2000-2008) 

 
Sources: calculated from UN Comtrade (UN 2009) and WTO (2009) trade data 

* 2008 based on preliminary figures 

In 2007, Germany’s main export partners for PV products were Spain, Italy, the Czech 

Republic, Malaysia, France, USA, Austria, and China – each representing more than 

$ 100,000,000 in exported value (UN 2009). Hence, criterion 2 is fulfilled as well. Rather 

than relying on very few export partners, exports take place to a wide array of countries in 

different regions. 
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5.1.2 Criterion 3: Significant Outbound Investments 

The third criterion evaluates outbound FDI and is based on the domestic firms in the firm 

sample. In mid-2008, Germany’s largest cell manufacturer, Q-Cells, announced to invest 

close to one billion euros in its first overseas manufacturing facility in Malaysia (FTD 2008). 

Additionally, Q-Cells announced preliminary investment plans for a new facility in Mexico. 

Schott Solar expands its productions with a new manufacturing facility in New Mexico, USA 

(Schott Solar 2008). SolarWorld (2007), yet another leading German solar cell firm, is 

currently building facilities in Oregon, USA, and invests about 330 million euros. The fourth 

firm, Ersol, has bought a majority share in Silicon Recycling Services in California, USA, and 

holds a 35 % stake in the Chinese module manufacturing firm Shanghai Electric Solar Energy 

(Ersol 2006; 2009c). Most German solar cell firms, however, have not yet started to 

significantly invest into foreign production capacity. Of the 18 domestic firms in the sample, 

14 firms have not yet engaged in significant foreign direct investments. On the other hand, 

each of the four largest firms (measured in solar cell output in 2008) had production capacity 

abroad. Regarding technology, all four firms with foreign capacity produce solar cells based 

on the traditional crystalline silicon technology. As a result, criterion 3 is only partly fulfilled. 

Although foreign investments by German firms are significant in terms of value relative to the 

size of the industry, they have only been conducted by very few firms. 

5.1.3 Criterion 4: Trade Balance 

A positive trade balance – expressed in exports in percentage points of imports – is Porter’s 

fourth criterion to assess the competitiveness of a country’s industry. Germany, however, 

continues to have a significant trade deficit in PV. This negative trade balance can be 

attributed to the surge in domestic demand that could not be covered by domestic suppliers in 

the early years of the boom in PV installations. During that time, almost no domestic 

production existed. The current tendency, however, is a reduction of the trade deficit; as was 

already the case in 2003 (as can be seen from Figure 10). 
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Figure 10: Germany’s Trade Balance in Photovoltaics 2000-2008 

 
Source: calculated from UN Comtrade (UN 2009) trade data 

*2008 based on preliminary data 
 

In 2003, domestic demand stagnated and domestic firms started to seek new markets 

outside of Germany. As domestic demand picked up again in 2004, domestic firms started 

once more to focus on the German market. Although the gap between domestic production 

and domestic consumption is currently narrowing, criterion 4 is not fulfilled as of 2009. 

5.1.4 Discussion 

Assessing the first research question, the competitiveness of the German solar cell industry, 

arrives at a mixed picture. Only two out of four criteria of Porter’s (1990; 1998) definition of 

national competitiveness are entirely fulfilled. First, Germany’s export share in PV surpasses 

the country’s total export share – with a clear upward tendency. Second, trade statistics 

indicate that exports take place to a variety of countries on a global scale. On the other hand, 

outbound investments have reached a significant monetary value but are limited to a small 

number of firms and locations. These foreign direct investments are undertaken by the largest 

firms with the most developed technology – crystalline silicon cells. Also the fourth criterion 

represents a drawback. Germany’s trade balance in PV products continues to be negative. In 

2007, for example, Germany’s exports of PV products only amounted to 76 % of the 

country’s imports (UN 2009). 

Overall, however, Germany’s solar cell industry can be considered being largely 

competitive, especially taking the young history of the commercialization of PV products into 

account. There are two main reasons for this assessment. First, outbound foreign direct 

investments are limited to firms that possess ownership-specific advantages related to mature 

technologies and size, as proposed by Vernon (1966) in his international product cycle. The 

vast majority of firms in the German solar cell industry, however, are in an early stage of 
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commercializing their products. As proposed by Vernon, these firms are building up 

production capacity in close spatial proximity to their main customers in Germany. Going 

along the product cycle, more and more firms will participate in foreign investments. Second, 

the unprecedented growth in PV installations in Germany following the 100,000 roofs 

program caught the German suppliers wrong-footed. Due to a lack of production capacity, 

imports substituted domestic production, in the beginning especially from Japan. Later on, 

production capacity was built up in Germany, although not with sufficient speed to match 

demand. In recent years, the export deficit has been narrowing. Chances are good that 

domestic supply will outgrow domestic demand in the next few years; leading to a positive 

trade balance. If the trend continues, Germany’s competitive position will further improve in 

the future. 

5.2 Location-specific Advantages and Disadvantages 

This section summarizes the types of location-specific advantages and disadvantages 

Germany offers to the solar cell industry. The analysis is based on three pillars. First, the 

unique strengths and weaknesses of the German location for the solar cell industry are 

outlined. In the second step, the spatiality of location-specific advantages is assessed, i.e. 

whether they are regional or national. The final analysis focuses on the combination of 

ownership-specific advantages and location-specific advantages in the eclectic paradigm.  

5.2.1 Sources of Exceptional Competitive Strengths and Weaknesses 

Porter’s (1990) national diamond framework provides a useful tool for evaluating the 

advantages and disadvantages of a location for an industry. In the case of the German solar 

cell industry, the national diamond is exceptionally well pronounced. The cumulated factor 

categories – such as rivalry, supplier industries, and knowledge resources – do not reveal any 

shortcomings. In the contrary, a vast amount of factors implicates strong advantages. In total, 

only three factors or sub-factors received significant negative ratings: labor costs and labor 

market rigidity, energy costs, and segment structure of demand. The remaining factors are 

well above Germany’s peer group and appear to be significant sources of competitive strength. 

Figure 11 shows the results of the diamond analysis. Below each factor category, selected key 

advantages and disadvantages are provided. In the next sections, these unique advantages and 

disadvantages are summarized. How firms utilize these advantages, however, is based on 

firm-specific characteristics. After outlining competitive strengths and weaknesses and the 

spatiality of such, these firm-specific characteristics are discussed. 
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Figure 11: Sources of Strengths and Weaknesses in the National Diamond 

 
Source: based on own research 

 

5.2.1.1 Competitive Strengths 

Evaluating the national diamond has revealed many competitive advantages of the German 

location vis-à-vis other important competing nations. This section aims at summarizing these 

competitive strengths in a comprehensive way. The question whether a firm can utilize these 

strengths is based on its characteristics and part of one of the following sections. 

Despite strong positive generic factors, such as a very good infrastructure, the German 

national diamond features five unique strengths: (i) the presence of world-leading knowledge 

resources and human capital, (ii) an exceptional presence of related and supporting industries, 

(iii) the world’s most stable and largest market for PV products, (iv) a unique number of local 

competitors in unprecedented spatial proximity, and (v), highly supportive local and federal 

governments. In the following, these strengths are depicted: 
 

(i) Knowledge resources and human capital 

Germany’s labor market quality continues to be among the world’s best. The unique 

vocational training system, already outlined in Porter’s (1990) diamond analysis on German 

industries, continues to be a strong source of competitive advantage. Productivity figures as 

well are very high. The establishment of new research intensive firms in the PV sector in 
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close spatial proximity to the old firms creates a self-enforcing mechanism. As a result, the 

availability of specialized labor will even further improve in the future. The high 

governmental funding of R&D in PV, combined with industry initiatives, the presence of 

world leading research institutes, such as Fraunhofer, Helmholtz, and Max Planck, creates a 

unique scientific foundation for PV research. At the same time, leading universities cooperate 

with solar cell firms in terms of R&D. For foreign firms as well, the availability of excellent 

research resources is a reason for investing in Germany. 
 

(ii)  Local presence of related and supporting industries 

With around half of global revenues in PV equipment originating from German firms, 

local equipment suppliers are exceptionally strong in an international comparison. This 

exceptional world market position indicates that German firms are technology leaders in the 

field. Vital rivalry among suppliers, a comprehensive product portfolio, a high export share, 

and good links to cell producers are significant sources of competitive advantage. In turn, the 

presence of cell producers in Germany creates a vital local competition among equipment 

supplier firms. Materials suppliers as well are very strong in an international comparison, 

especially in silicon, chemistry, and glass. With the rise of thin-film technologies, knowledge 

in both glass processing and chemistry will constitute an important source of competitive 

advantage. Furthermore, most of these industries also signify an important source for new 

entrants. Additionally, the solar cell industry is open to supplies from other countries – taking 

competition abroad. In order to keep up, suppliers have to constantly innovate and remain cost 

competitive. Furthermore, geographically dispersed activities of some solar cell firms urge 

suppliers to internationalize. 

Related industries represent another significant strength, namely in semiconductors, 

electronics, and along the value system in solar modules. Germany’s leading position in 

inverters is an example for the technological leadership in PV-related electronics. Although 

the semiconductor industry is declining in Germany, it still represents a constant source of 

highly qualified staff.  
 

(iii)  The world’s number one market 

Although Germany was not the first country to develop significant demand in PV 

installations (Japan took the initial lead), it has been on the international forefront for a decade 

now. More importantly, subsidies for installations are not capped and the market continues to 

grow vitally. In the near future, other markets with more favorable sunlight radiation levels 

will overtake Germany. Yet, the German market environment is characterized by 
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predictability, stability, sophisticated buyers, and enormous political support. With these 

characteristics, the German market clearly distinguishes itself from other markets, such as 

Spain, and presents a good opportunity for investors with the wish to minimize risk. 
 

(iv) A vital agglomeration of firms 

Most solar cell firms in Germany are located within five states that roughly cover one-

fifth of the German population and an area with the size of South Carolina in the United 

States (one of the ten smallest American states). In no other country in the world, PV firms 

and research institutes are located within the same spatial proximity. The high number of 

firms producing crystalline solar cells and thin-film modules is only topped by China. In 

comparison to China, however, German firms have knowledge resources and suppliers in an 

unmatched immediacy. Also unlike China, Germany has three firms in the list of the ten 

largest thin-film producers. Additionally, the number one in the list, the American firm First 

Solar, has one of its most important production and research facilities in Germany. 

Firms are also in vital competition with each other. For the large established firms, 

competition takes place in groups of firms. The smaller firms are usually not part of larger 

conglomerates. Competition is based on several dimensions, for example market share, 

different technologies, and inputs. As a result, firm strategies vary in terms of depth of 

vertical integration, technology use, cooperation, financial links, etc. The constant threat of 

new domestic and foreign entrants further intensifies rivalry. Where feasible, firms also 

cooperate in basic research, for example within the SolarFocus and Spitzencluster initiatives. 

In Porter’s sense, these cooperations are beneficial and do not undermine competition. 
 

(v) Extensive political support 

Many of the firms in the FDI sample were full of praise for the support received from 

local governments. Extensive governmental subsidies constitute one source of advantage. On 

the other hand, local governments and Germany Trade & Invest (GTAI) act highly investor 

friendly. GTAI offers the full range of services for free: site selection, incentive applications, 

and advises on obtaining financing and construction permits, etc. With this strategy, GTAI 

could already attract a significant amount of investors. Local policy makers as well are very 

eager to attract investments into their areas, especially in former East Germany. 
 

The aforementioned strengths constitute significant competitive advantages of the 

German location for the solar cell industry. However, the below outlined disadvantages 

potentially favor other locations than Germany. 
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5.2.1.2 Competitive Weaknesses 

Although there are many significant sources of competitive advantage, Germany features 

some highly important disadvantages. These disadvantages can be summarized into: (i) an 

expensive and partly inefficient labor market, (ii) high energy costs, and (iii), an 

unrepresentative sector structure of demand. 
 

(i) Unfavorable labor market conditions 

Overall, labor market costs are an important source of competitive disadvantage. 

Germany’s workers are significantly more expensive than their peers in the other four 

countries. Germany’s hourly labor costs in manufacturing are 50 % above the country with 

the second highest costs, the United States. Furthermore, the labor market is amongst the most 

rigid in the world. In standardized products, high labor costs pose a significant threat to the 

location’s competitiveness. 
 

(ii)  High energy costs 

High energy costs are another source of competitive disadvantage, creating an industry 

dilemma. The promotion of expensive renewable energy sources in Germany has increased 

energy prices. As a result, higher energy prices increase costs of production of silicon, wafers, 

and solar cells. 
 

(iii)  Unrepresentative sector structure of demand 

Due to government regulations, demand in Germany is highly skewed towards grid-

connected distributed PV applications, especially on residential and industrial buildings. 

These roof-top installations play a significantly smaller role in countries such as Spain or the 

United States, both major markets. 
 

Before discussing ownership-specific factors of firms, the spatiality of location-specific 

advantages is discussed, i.e. the question why most firms decided to locate production in 

former East Germany, as can be seen in Figure 12 on the next page. 
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Figure 12: Spatial Distribution and Capital Linkages of Cell and Module Manufacturers 
(June 2009) 

 
Source: based on own research, information gathered from annual reports and 

company websites (see Table VI and Table X in the appendix for data sources and firm data) 



The Solar Cell Industry in Germany · A Young Industry at Crossroads 
Stephan Jeznita · Copenhagen Business School 

 
 

 58 

5.2.2 The Spatiality of Location-specific Advantages 

This section assesses the foundations for the uneven distribution of solar cell firm locations 

across Germany. Figure 12 on the previous page shows the spatial distribution of solar cell 

firms and crystalline module producers. The figure also incorporates capital linkages amongst 

firms, including domestic and foreign connections. As outlined before, the largest share of 

cell firms is located in former East Germany. However, almost all firms in the former East are 

partly or fully-owned by firms outside their region. Or said differently, foreign and domestic 

investors into the solar cell industry have shown a significant preference for the former East. 

According to Brachert and Hornych (2009), a combination of location factors played a 

role in determining where solar cell firms located production in Germany. In the beginning, 

location decisions were often based on the availability of labor in related industries, local 

investment incentives, and well performed location policies. For example, Freiberg and 

Dresden in Saxony and Erfurt in Thuringia were chosen as locations due to their history in 

semiconductors and microelectronics, reaching back to the time before the fall of the iron 

curtain. These areas feature knowledge in silicon handling, well trained employees, and other 

relevant infrastructure. Investors were further attracted by active location policies of local 

governments. Local politicians, due to a lack of dominating industries, were highly attentive 

to the new industry and subsidies were readily available. In the following, the establishment 

of firm agglomerations was facilitated by firm spin-offs (mainly based on new technologies), 

joint-ventures, and the foundation of subsidiaries in order to increase vertical integration 

along the value system.  

In the following, the location-specific advantages and disadvantages that are unique to 

former East Germany in the national diamond are briefly summarized. 

5.2.2.1 Localized Advantages in the National Diamond 

Assessing Porter’s diamond in terms of regionalized factors reveals that most location-

specific advantages are national in scope, i.e. they are potentially available on either side of 

the former iron curtain. Unsurprisingly, some locations are more promising than others, 

depending on local factors, such as access to infrastructure, skilled employees, and knowledge 

resources, etc. Despite these local factors, firms can find suitable locations in former East 

Germany and West Germany alike. However, analyzing firm locations reveals a significant 

preference for former East Germany. This preference is mainly based on four factors in the 

national diamond: (i) a favorable local investment context, (ii) preferential labor market 



The Solar Cell Industry in Germany · A Young Industry at Crossroads 
Stephan Jeznita · Copenhagen Business School 

 
 

 59 

conditions, (iii) the high availability of knowledge resources, and (iv), the presence of highly 

related industries in spatial proximity17. These factors are illuminated below. 
 

(i) A favorable local investment context 

Two main factors attribute to the favorable investment context in former East Germany. 

First, firms are attracted by very high subsidies. They can obtain up to 50 % of their 

investment costs in governmental aids (GTAI 2009e). Equally high subsidies are not available 

to firms building up production in the western part of the country. Supportive local 

governments and investment authorities are the second factor that enhances the regional 

investment context. Especially in the beginning, solar cell firms received a lot of attention 

from local policy makers in eastern Germany. 
 

(ii)  Preferential labor market conditions 

The labor market in former East Germany is characterized by relatively high 

unemployment rates and lower labor costs. On the other hand, many areas feature a long 

history in solar cell related industries, such as the chemical industry, microelectronics, and 

glass. Due to the sector’s novelty, skilled labor was initially drawn from these related 

industries and trained by the first firms locating in the area. With the rise of the solar cell 

industry, labor-market pooling effects are becoming pronounced. Now that the agglomeration 

has achieved a critical scale, state institutions start to offer a significant amount of specific 

educations, for example with a vocational training site in Erfurt. In other areas in Germany 

with fewer PV firms it is likely that the scale necessary for specific educational offers cannot 

be obtained. Due to the higher unemployment rate, employees in the former East tend to be 

more willing to accept unfavorable working conditions and lower salaries; although many 

workers are highly flexible and well-educated. First Solar, for example, was able to introduce 

the American shift system with 12 hours shifts in its Brandenburg facility (First Solar 2009b).  
 

(iii)  High availability of knowledge resources 

The states in former East Germany are characterized by a vital agglomeration of 

knowledge resources, including research institutes and universities. Per million inhabitants, 

eastern Germany features 1.5 research institutes and universities in PV – compared to only 0.6 

for the western part of the country. The agglomeration of leading-edge research institutes 

includes the Helmholtz center in Berlin and Fraunhofer in Halle/Saale, Freiberg, Potsdam, and 

Dresden. (GTAI 2009c) Although firms do not need to be limited to agreements with local 

                                                 
17 The order of the factors does not suggest factor importance. 
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knowledge resources, this agglomeration represents a significant strength, esp. in terms of 

ongoing cooperation after firm spin-off. As observed by Klepper (2007) and others, firms are 

more likely to locate in close spatial proximity to their mother firm or the research 

environment they originate from. This trend can be observed in eastern and western Germany 

alike. A variety of spin-offs have located in immediacy to their alma mater, including 

Sulfurcell to the Helmholtz center in Berlin, Sunways to the University of Konstanz, 

Concentrix Solar to Fraunhofer ISE in Freiburg18, and Odersun to the Solar Center in 

Frankfurt (Oder). Overall, local research capacities can have significant spillover effects to 

firms. 
 

(iv) Presence of highly related industries in spatial proximity 

Brachert and Hornych (2009) point out that many solar cell firms located around 

industrial cores of related and supporting industries. These industries include semiconductors, 

glass, and chemistry. Dresden features the largest agglomeration of microelectronics firms in 

Europe, Jena is a traditional center for glass (Schott, Zeiss, and Jenoptik), and chemistry is 

traditionally strong in and around Thalheim. Today, these cities are among the strongest cores 

of the solar cell industry in former East Germany. Besides providing inputs, related and 

supporting industries are also a source for skilled employees and new corporate entrants into 

the solar cell industry.  

In Porter’s sense, the industry can also benefit from intense local rivalry and local 

research initiatives, such as the Solar Valley initiative. On the other hand, some factors 

disfavor East Germany as a location. These factors are outlined below. 

5.2.2.2 Localized Disadvantages in the National Diamond 

Eastern Germany offers a few disadvantages to solar cell firms. One potential disadvantage is 

that most equipment and component suppliers are located in southern Germany. For example, 

out of 62 major PV suppliers active in Germany, only 16 are located in former East Germany 

(BSW 2009b). A second potential disadvantage is the uneven distribution of demand across 

Germany. The largest share of end consumers of PV products is located in southern Germany. 

In an overall assessment, however, the abovementioned advantages can be regarded as 

dominant over these disadvantages. In a young industry where firm locations are not pre-

determined, firms can locate where they find the best location-specific factors. The 

aforementioned advantages of former East Germany incite firms to locate production outside 

of Germany’s traditional industrial cores – although most parent firms are exactly located 
                                                 
18 Not included in the firm sample. 
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there. However, the lower labor costs in the former East do not outweigh the general high 

labor costs in Germany. 

What are the implications of these competitive advantages and disadvantages for the 

solar cell industry? For answering this question, the next section goes back to the ownership-

specific advantages of the firms in the sample. The combination of location and ownership-

specific factors shows what types of firms benefit most from internalizing the German market. 

5.2.3 The Eclectic Paradigm for the German Solar Cell Industry 

Whether a certain location suits the needs of a firm is determined by the ownership-specific 

characteristics of this particular firm and the location-specific factors of the host country 

(Dunning 1979). Firms within the German solar cell industry differ in a variety of 

characteristics. As outlined before, ownership-specific characteristics of firms were classified 

into three main categories in the present analysis. These three categories are (i) firm size 

and/or established position, (ii) proprietary technology, and (iii) exclusive or favored access to 

inputs. Following this categorization, firms in Germany can be further differentiated into two 

main groups. On the one hand, the industry features mature, established firms that partly 

derive additional advantages from exclusive or favored access to inputs. On the other hand, 

the industry is home to young firms in an early stage of commercializing their products – 

some with preferred access to inputs as well. Almost all large, mature firms utilize crystalline 

production technologies. Almost all young firms, on the other hand, utilize thin-film 

technologies and base their core advantage on promising proprietary knowledge. 

The next section aims at answering the question of what types of location-specific 

factors are crucially important to each category of firms. The assessment of location-specific 

advantages is based on Vernon’s (1966) product cycle theory and subsequent expansions of 

the theory. 

5.2.3.1 Young Firms 

The young firms in the sample mainly base their competitive advantage on proprietary assets, 

for example new product developments or production techniques. In the national diamond, 

their advantages are most likely to reside in those factors that favor knowledge creation, as 

pointed out by Vernon (1966) and Almor et al. (2006). These factors include: highly qualified 

and specialized labor, an innovative environment, including access to knowledge resources 

and governmental funding of R&D, and strong intellectual property rights protection. 

Additionally, these young firms are likely to experience phases without significant cash flows. 
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As a result, superior access to capital resources and subsidies and a market that values 

innovations can further favor a location.  

In the German national diamond, all these factors have received positive ratings. 

Germany offers a good combination of highly skilled specialized labor, world-leading 

research institutes, world leading suppliers, excellent property rights protection, and good 

access to capital resources, including very high subsidies of up to 50 %. In the firm sample on 

FDI, seven out of nine firms were rather young and immature at the time they entered the 

German market. Their reasons to choose Germany as their location resemble the 

aforementioned factors. Consequently, Germany appears to be a highly beneficial location for 

young firms in an early stage of commercializing their products.  

However, other location-specific factors that constitute the national diamond are also 

important. Obviously, lower costs of production and research are also desirable to young 

firms. Other factors, such as well-functioning transportation and communications systems, 

also have to be in place in a nation. In Porter’s (1990) sense, however, these types of assets 

are more basic and generalized and can be copied by other nations. Conversely, sustained 

competitive advantage is drawn from advanced and specialized factors, such as world-leading 

R&D institutes. Figure 13 summarizes the eclectic paradigm in the case of young, immature 

firms; both domestically and foreign owned. 

Figure 13: The Eclectic Paradigm for Young Firms in the Solar Cell Industry 

 
Source: based on own research 

5.2.3.2 Mature Firms 

In the firm sample, a variety of firms can be classified as mature and experienced. With the 

exception of one firm, all these firms utilize crystalline technology. Mature firms base their 

advantages on production size, i.e. economies of scale, vertical integration, and improvements 
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of production techniques. Q-Cells, Ersol, SolarWorld, and Schott Solar represent the mature 

firm category best. They operate in relatively large scales and – with the exception of Schott – 

were amongst the early entrants. 

Following Vernon (1966) and Almor et al. (2006), firms are reliant on a different set of 

location-specific factors in mature and standardized products compared to new technologies. 

The main goal of firms in this phase of the product cycle is to reduce costs. As a result, 

important factors include labor costs, input prices, supply of debt capital, openness of the 

economy to important supplies, and taxation. A large local market that favors standardized 

products can be another important factor. However, in this stage firms begin to engage in FDI 

to seek new markets – the importance of the home market declines. On the other hand, spatial 

proximity to new markets can still matter to reduce transportation costs. Consequently, 

production is highly mobile in this stage. A firm will employ its capital and technology in the 

most cost efficient locations. Figure 14 summarizes the eclectic paradigm in the case of 

established, mature firms. 

Figure 14: The Eclectic Paradigm for Mature Firms in the Solar Cell Industry 

 
Source: based on own research 

Germany’s national diamond shows significant shortcomings in the location-specific 

factors that are important to mature firms in the solar cell industry. Most notably, labor and 

input costs (e.g. energy) are very high. In an international comparison, taxation is also not 

favoring the German location. As a result, Germany has not seen many new entrants into 

crystalline solar cell production since 2005. Out of 13 new entrants, only one firm, Arise 

Technologies, bases production on crystalline silicon. 
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The next section builds on the location-specific factors, the study of foreign direct 

investments, and the spatiality of location-specific factors to summarize the findings 

regarding the second research question. 

5.2.4 Discussion of the Location Factors in the National Diamond 

The second research question aims at identifying location-specific advantages of Germany for 

the solar cell industry. These location-specific advantages are expressed in strengths and 

weaknesses of the location, the spatiality of the location-specific advantages, and the 

combination of ownership-specific factors with location-specific factors. 

The first part of the question relates to Germany’s unique strengths and weaknesses. The 

analysis has arrived at a variety of important strengths, but also some very important 

weaknesses vis-à-vis the other peer nations. Overall, Germany provides very good knowledge 

resources, skilled employees, the world’s leading suppliers, the largest PV market in the 

world, a very high number of competitors in close spatial proximity, and very supportive 

authorities. The analysis has also shown that some of the most important factors are especially 

well pronounced in eastern Germany. On the other hand, input costs, such as energy and labor, 

are very high and the sector structure of demand is unrepresentative. In order to assess the 

importance of the specific factors, firm characteristics have to be consulted. Depending on 

their stage of development, firms seek different sets of factors (Vernon 1966; Almor et al. 

2006).  

Dunning’s (1979) eclectic paradigm provides the framework for assessing location-

specific factors in relation to ownership-specific factors of firms. The first type of firms, 

young firms in an early stage of commercialization, requires a combination of factors that is 

exceptionally well pronounced in Germany. By investing in the country, firms can obtain a 

large share of their capital requirements in subsidies. At the same time, they can benefit from 

a proven environment with factors in place, including qualified labor, good research, and a 

stable market. As a result, firms can reduce the risk of operating in an uncertain environment. 

The mature firms in the sample, on the other hand, demand strengths in other parts of 

the diamond. Although the aforementioned factors still remain important, mature firms with 

standardized products need to reduce costs as competition is intensifying. Obvious sources for 

production cost reductions are technological progress, scale economies, and lowering variable 

costs, e.g. in labor and energy. Mature firms also seek to expand to other markets. Following 

Vernon’s (1966) international product cycle, domestic firms will start to engage in outbound 

foreign direct investments. As a consequence of both, the desire for lowering costs of 
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production and locating in proximity to promising markets, the German solar cell industry has 

not seen many new foreign direct investments into crystalline solar cell production in recent 

years. However, this does not inhibit domestic firms to increase their production in Germany. 

As outlined before, economies of scale in the production of solar cells are significant. If firms 

can expand their scale in Germany and achieve significantly lower costs by doing so, they 

will continue to invest in the country (see also del Cañizo et al. (2009) for a discussion on 

scale advantages). 

It follows that Germany’s abovementioned unique-location specific advantages mainly 

attract firms that are active in new technologies that have not been widely commercialized. In 

that case, the ownership-specific advantage of a firm is proprietary knowledge. Utilizing new 

technologies is inherently risky and success is everything but predictable. Germany can be 

considered as a save harbor for new investments in a highly uncertain environment. Firms can 

benefit from Germany’s competencies in building up production facilities, establishing 

production lines, training employees, support from investment agencies and local 

governments, obtaining financing, and so forth. High energy and labor costs, however, can 

explain the preference of domestic and foreign firms for other locations than Germany when it 

comes to crystalline cell production. These results have serious implications for the prospects 

of the solar cell industry in Germany. The next section develops an outlook for the industry 

based on the findings on location and ownership factors. 

6. Industry Outlook 

The German solar cell industry stands at crossroads. Intensifying domestic and global 

competition, strains on prices and margins, and an uncertain technological development path 

severely pressure the industry. Determining the future of the solar cell industry hinges on 

several uncertainties. The first uncertainty regards the future development of demand for PV 

products. Demand, in turn, depends on political support, the economic development, the 

availability and costs of alternative energy sources, etc. Although future demand looks 

promising, it is highly uncertain how the world market will develop. The second uncertainty 

is related to technologies. Which technologies will prevail? Are there any future technologies 

that will make current technologies obsolete? These questions lie outside of the scope of this 

project. The Spanish example shows that political support, for example, is almost 

unpredictable. Within one year, the Spanish market entirely turned around. Rather than 

focusing on these uncertainties, the following sections outline general tendencies for the 

German solar cell industry based on location-specific factors and patterns in international 
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production following Vernon (1966). Obviously, the future development of the industry is 

contingent on the assumption that global demand continues to grow. 

The next section starts by explaining patterns in international production. It is shown 

that global cell production follows the patterns of Vernon’s (1966) international product cycle. 

Subsequently, the industry outlook for Germany is presented. 

6.1 Patterns in International Production 

Vernon’s (1966) international product cycle suggests that the inventing country of a new 

technology is the first country to build up significant demand and production capacity. In the 

second step, production takes off in other advanced nations. In the third step, production shifts 

to developing countries. Over time, the relative importance of the inventing country and other 

developed nations decline. 

Figure 15 shows global solar cell production shares for the five countries USA, Japan, 

Germany, China, and Taiwan19.  

Figure 15: International Solar Cell Production Shares 1995-2008 

 
Sources: data compiled from BSW (2009b), Earth Policy Institute (2009), and Hirshman et al. (2009) 

In the first period from 1995-1998, the inventing country of the modern solar cell, the 

United States, was the undisputed production leader. As predicted by Vernon (1966), the 

inventing country was first overtaken by other developed nations – by Japan in 1999 and by 

Germany around 2003/2004. The third set of nations, developing and newly industrialized 

countries, finally overtook the United States around 2005/2006 (China) and 2006/2007 

                                                 
19 In Comtrade, sufficient solar cell export data are not available. Therefore, production share data are analyzed 
(see Table XI in the appendix for data).  The largest share of production is based on crystalline cell technology as 
the global share of thin-film technologies remains to be relatively small. 
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(Taiwan). Truly impressive is China’s performance. China achieved to tenfold its production 

share within a very short time frame – from less than 3 % in 2004 to more than 30 % in 2008. 

Consequently, the solar cell industry very much follows Vernon’s product cycle. 

In comparison to crystalline silicon solar cell production, thin-film constitutes the less 

mature technology. Whereas the former has been more or less standardized in terms of 

different criteria, e.g. cell size and wafer thickness, the latter technology is in an earlier stage 

of commercialization. As suggested by Vernon (1966), firms from developed nations are 

leading in the thin-film category. Of the ten largest thin-film producers, two are from the 

United States (the two undisputed market leaders), four are from Japan, three from Germany, 

and only one from China (Hirshman et al. 2009).  

In 2008, the ten leading thin-film manufacturers accounted for approx. 87 % of global 

thin-film production. In 2007, the largest share of their production was based in the United 

States, followed by Germany and Japan. In 2008, the United States and Germany were placed 

about equally in the first spot, followed by Malaysia and Japan. China’s production capacity 

in thin-film remained very low. Malaysia’s thin-film production capacity, however, is solely 

based on one factory of the American firm First Solar. First Solar also produces the largest 

fraction of Germany’s output. (ibid.) 

6.2 Outlook for Germany 

The outlook for the German solar cell industry varies depending on the technology deployed. 

In the following section, the outlook for crystalline cell production is outlined. This is 

followed by the outlook for thin-film modules. 

6.2.1 Crystalline Solar Cells 

Crystalline solar cells can be regarded as one of the most mature and standardized products in 

PV. Accordingly, firms seek to reduce costs, e.g. in production by reducing input costs and 

increasing scale, and/or in distribution by locating in immediacy to key markets. German 

crystalline cell firms follow this strategy by investing into developing countries (namely 

Malaysia) and into factories in proximity to promising markets, namely the United States. 

Foreign firms, on the other hand, discontinued to invest into crystalline cell production in 

Germany.  

With proven technologies, location-specific advantages based on costs and access to 

new markets appear to be dominant over the many advantages the German diamond offers. 

Most likely Germany will continue to be a major producer of crystalline solar cells. The 
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growth of production, however, will not be determined by new entrants20 but by scale 

expansions of established firms. If the already started development continues, Germany’s 

global production share will decline following the American and Japanese examples (see 

Figure 15). In seeking scale, firms are also likely to engage in takeovers, firm shakeout is the 

consequence. 

6.2.2 Thin-film Modules 

In the early stages of the product cycle, factors related to knowledge generation dominate. 

Klepper (2002) points out that the first stage of the product cycle is also characterized by 

many new entrants. Thin-film module production is still in the early phase. Out of 16 thin-

film firms in the sample, 13 entered after 2004. However, it is likely that thin-film production 

will follow similar patterns to crystalline cell production. Until now, firms are still researching 

different technologies. Many of them might be promising. However, most of the small firms 

will not survive as the later phases of the product cycle are characterized by firm shakeout 

(ibid.). Despite the expected firm shakeout, production will most likely shift to other countries 

with more favorable input conditions in the mid-run. Until now, however, firms can benefit 

from Germany’s competitive advantages in research and human resources, supplier industries, 

market size, fierce local competition, and supportive governments. 

6.2.3 Discussion 

Although Germany appears to be destined to lose market share in the production of solar cells 

in the future, the industry is not doomed to vanish. German firms will most likely continue to 

be internationally leading. Production, however, will follow established trends and be located 

in nations with more favorable input conditions. Production of the more mature technology, 

crystalline cells, is internationalized first – followed by the manufacturing of thin-film 

products. Nevertheless, the presence of many thin-film technology firms in Germany is a 

promising indicator that Germany can take the lead in commercializing this new technology. 

In thin-film, access to knowledge resources, risk financing, and human capital currently 

matter more than the cost base. Naturally, many of these firms will either cease production or 

be taken over by firms with higher capital endowments. The current financial crisis can 

further accelerate this trend. 

Nevertheless, the expected firm shakeout does not need to be a disadvantage for 

Germany. The consolidation of the market can lead to few stronger firms with diversified 

                                                 
20 Of the 11 crystalline cell producers in the firm sample, eight entered before 2004. 
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technology portfolios, larger scales, a wide array of international activities, and high vertical 

integration. Germany could also become the major source of R&D. Accordingly, firms’ 

headquarters in Germany would be pivotal in steering global firm activities. The future of the 

industry hinges on whether firms are able to develop the sets of capabilities that are crucial in 

the second and third phases of commercialization – when product innovation is replaced by 

process innovation. Rather than fighting the trend, German firms should take the lead in the 

industry by accelerating internationalization and reducing costs.  

The next section summarizes the key findings. The recommendations section concludes 

with this thesis. 

7. Summary 

The solar cell industry is characterized by tremendous growth rates, rivaling technologies, and 

more recently, intensifying competition due to overcapacity and new entrants. The industry 

provides remarkable opportunities for firms and entire regions to benefit from this growth. 

However, as competition is intensifying, neither firms nor policy makers can rest on their 

laurels. To answer the two research questions, a comprehensive study on the German solar 

cell industry was conducted. The theoretical framework – based on the eclectic paradigm – 

allowed for incorporating location-specific factors of Germany in Porter’s national diamond, 

ownership-specific characteristics of firms covering more than 99 % of German cell 

production, and internalization advantages for investors depending on firm characteristics. In 

the following, the key findings are summarized. 

The first research question centers on how competitive Germany’s position is in the 

global solar cell industry. Here, the results are mixed. Considering all four criteria to measure 

competitiveness from a macro-perspective, Germany can largely be considered possessing 

competitive advantage. Nevertheless, there are some aspects that go counter this notion of 

competitiveness, especially Germany’s negative trade balance. Despite these mixed results, 

Germany offers a variety of unique location-specific advantages to domestic and foreign firms 

– the focus of the second research question. Location-specific advantages reside in all areas of 

the national diamond. In related and supporting industries, German firms are technology and 

market leaders – with market shares of around 50 % in inverters and machinery. At the same 

time, Germany features some of the leading institutes in PV research, for example Fraunhofer, 

Max Planck, and Helmholtz. Domestic demand constitutes another strong source of 

competitive advantage; as does domestic rivalry. Germany features one of the largest numbers 

of solar cell firms in the world. These firms are located in spatial proximity and cover the 
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most important streams of technologies. Foreign firms invest in Germany mainly to 

commercialize their newly developed technologies. They praise the availability of skilled 

labor, knowledge resources, access to the world’s prime market, subsidies, and support from 

local governments and state agencies. By investing in Germany, they can minimize risks by 

obtaining investment aid in terms of finance and capabilities. The presence of the world’s 

largest customer base also enables firms to bring their products to market quickly. During the 

analysis it became apparent that especially former East Germany is interesting to investors. 

The strengths of the former East reside in a few key factors. First and foremost, the 

investment climate is highly stimulating, incl. the availability of subsidies and supportive 

local governments. Second, firms can benefit from preferential labor conditions, including 

highly flexible labor and lower labor costs. The third and fourth factors are the high 

availability of world-leading knowledge resources and related industries, such as glass, 

chemistry, and semiconductors. Finally, firms hardly face any serious disadvantages by 

locating in former East Germany. Consequently, Germany’s main location-specific advantage 

is a globally unique combination of factors in the national diamond. 

Nevertheless, the industry outlook is mixed and depends on the different technologies. 

Most likely, Germany’s future does not lie within the production of mature technologies – 

unless firms are able to obtain significant scale advantages at home. Consequently, Germany 

will probably lose its premier position as one of the leaders in the production of crystalline 

solar cells. German firms, on the other hand, continue to have the opportunity to be world 

leaders by engaging in outbound FDIs. In pre-commercialized thin-film products, foreign and 

domestic firms should utilize the unique benefits of the German location. 

For firms and policy makers, this industry study has several major implications. First 

and foremost, Germany continues to be a save harbor to foreign firms investing into solar 

cells. Second, Germany is a preferred location for firms trying to commercialize proprietary 

technology. Third, Germany lost its position as a preferred location for proven technologies, 

such as crystalline silicon cells – based on higher production costs, the rise of new markets, 

and the desire to locate closely to these new markets. The recommendations part further 

builds on these conclusions. 

To conclude on the theoretical framework in this thesis, Porter’s (1990) well-known 

diamond should not be the single foundation for an industry study as it has the potential to 

misguide the researcher. Although almost all factors in the diamond received positive ratings, 

these ratings only became meaningful in combination with a firm study in the context of 

Dunning’s (1979) eclectic paradigm and the industry outlook based on Vernon (1966). 
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8. Recommendations 

Germany’s position as one of the leaders in PV – both on the demand and supply sides – is 

strongly founded in governmental interventions, such as the EEG and investment subsidies. 

Accordingly, the recommendations section is mainly aimed at policy makers, although some 

of the recommendations indirectly also address firms. In the following, five sets of 

recommendations are outlined.  

First, Germany is a relatively save harbor for investments into premature PV 

technologies and should be promoted as such. However, the unique combination of R&D 

resources, skilled human capital, governmental support, etc. can and should also be promoted 

in other new technologies to attract domestic and foreign investors. This can particularly help 

former East Germany to upgrade the local economy, esp. under the given regional advantages. 

Second, policy makers have to be careful regarding over-reliance on the solar cell 

industry. Although the industry outlook is promising esp. for new technologies, solar energy 

still constitutes a bet and represents only a very small part of current energy generation. 

Furthermore, the upcoming firm shakeout will lead to a vacation of production facilities. 

Accordingly, policy makers should promote their regions to other industries and sectors as 

well – but also to other activities within PV, e.g. equipment suppliers. 

Third, policy makers have to acknowledge that internationalization is vital for firms, esp. 

in later stages of the product cycle. Without internationalizing production and R&D, domestic 

firms will be unable to obtain the necessary scales and maintain their positions. Instead of 

hindering internationalization, policy makers and investment agencies should encourage firms 

to do so. Following Porter’s generic strategies, firms can further pursue specialization 

strategies rather than focusing on cost leadership. For small domestic firms, this might be the 

only strategic option for survival. Accordingly, local research facilities and firms should also 

engage in researching specialized applications for solar cells and identifying niches. 

Fourth, policy makers can and should further promote the EEG abroad to stimulate 

foreign demand. Currently, the entire industry hinges on very few key markets. The 2009 

Spain disaster has shown the severe effects of the collapse of one key market. 

Finally, many firms in the solar cell industry are currently located in small, remote 

towns in distance to buzzing city centers. As firms grow, attracting and retaining skilled 

employees becomes a challenge in these places. Policy makers and firms alike have to secure 

the attractiveness of firm locations to high potentials, e.g. by awarding grants, offering dual 

study programs, leading-edge graduate programs, and attractive workplaces and salaries. 
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Table I: Solar Cell Production by State or Region 2007-2008 in MWp 

Rank Country 2007 2008 Change 2007-2008 World Market Share 2008 
1 China 1,200.6 2,589.0 115.6% 32.7% 
2 Germany 875.6 1,460.6 66.8% 18.5% 
3 Japan 932.0 1,269.0 36.2% 16.0% 
4 Taiwan 461.6 919.5 99.2% 11.6% 
5 Remaining Europe 295.1 560.0 89.8% 7.1% 
6 Remaining Asia 140.1 539.0 284.7% 6.8% 
7 North America 273.1 431.5 58.0% 5.5% 
8 India 64.2 87.2 35.8% 1.1% 
9 Australia 35.4 40.0 13.0% 0.5% 
10 Africa & Middle 

East 
1.0 

 
14.0 

 
1300.0% 

 
0.2% 

 
 Sum 4,278.7 7,909.8 84.9% 100.0% 

Source: Photon (2009b) 
 

Table II: Key Indicators for Germany and the Former East German States 

Indicator  Germany Berlin Branden- 
burg 

Mecklenb.- 
Vorp. 

Saxony Saxony- 
Anhalt 

Thuringia  

Size (km²) 357,104 891 29,480 23,185 18,418 20,447 16,172 
Population (million, 
2008) 82.2 3.4 2.5 1.7 4.2 2.4 2.3 
Population density  
(per km², 2008) 230.4 3,834.0 86.0 72.0 231.0 119.5 142.9 
Nominal GDP  
(billion euros, 2008) 2,492.0 87.5 54.9 35.9 95.1 53.8 49.8 
Nominal GDP per capita 
(euros, 2008) 30,343 25,554 21,721 21,439 22,620 22,427 21,875 
GDP real growth rate  
(%, 2008) 1.3 1.6 1.0 1.2 0.9 1.8 1.0 
Average GDP real 
growth rate (%, 2006-
2008) 2.3 2.0 2.0 2.2 2.4 2.5 2.2 
Unemployment rate  
(%, 12/2008) 8.6 12.9 12.0 13.5 12.0 12.7 10.4 
Labor costs per hour 
(euros, 2004, 
manufacturing sector) 28.2 28.3 21.7 21.3 21.1 20.8 20.4 
Annual working hours 
per employee (2007) 1,352.0 1,395.0 1,435.0 1,385.0 1,423.0 1,442.0 1,442.0 

Sources: Federal Statistics Department (Destatis 2009), DGB (2008), Arbeitsagentur (2009) 
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Table III: The National Diamond for the German Solar Cell Industry 

Factor Conditions 

 Value Explanation 
Human Resources o  

Labor costs - -  
- Wages and non-wage 

related expenses 
 
 

 
 
 
 

- Very high wages and non-wage related expenses; hourly 
compensation costs in manufacturing #1 in peer group, >50 % 
above #2, USA (BLS 2009); significantly lower in former East 
Germany: gross pay 30 % below German average (Destatis 
2009) 

- Working hours 
 

 - Standard working hours significantly below every country in 
peer group (Fleck 2009); however higher in former East 
Germany (DGB 2008) 

- Rigidity 
 

 

 - Rigid labor market: Germany ranked #142/181 in a World Bank 
study in ‘Employing Workers’ category, fourth in peer group 
(IFC 2009) 

Labor quality and labor 
availability 

+ 
 

 
 

- Productivity  - Among world’s best, productivity comparable to United States, 
significantly higher than in Japan and China (Suzuki 2007) 

- Vocational training 
system 

 - Very good vocational training system, has been adopted by 
other countries including China  (Barabasch et al. 2008), due to 
vocational training system fewer university graduates than in 
other advanced nations 

- System of higher 
education 

 - Higher education system ranked #21 by WEF 2009, superior to 
China, comparable to Japan, but inferior to Taiwan and United 
States  

- Doctoral education 
 

 - Germany produces second highest number of PhD students in 
natural sciences and engineering, only behind United States, 
highest number of PhD students per capita in peer group – 
approx. 100 PhD students per million inhabitants and per year 
in natural sciences and engineering vs. 51 for the United States 
(Moguérou 2005) 

Specialized labor + + 
 

- Cluster-specific labor  - Best labor market pooling in the world: Germany features the 
second largest cell industry and the greatest spatial 
agglomeration (Epp 2007; Hirshman et al. 2009) 

- New vocational training site for 351 candidates in Erfurt – 
specialized in PV and physics (Maruschke 2009) 

- New university degree programs in cooperation with firms (e.g. 
Anhalt University of Applied Science, Fraunhofer, and Q-Cells; 
MLU Halle/Salle and Fraunhofer); more than 100 bachelor 
programs in Germany with focus on renewables and/or solar, 
almost 80 master programs (WILA 2009) 

- Related industries 
 

 - Cluster can draw from employees in highly related industries 
(e.g. semiconductors in Silicon Saxony) 



The Solar Cell Industry in Germany · A Young Industry at Crossroads 
Stephan Jeznita · Copenhagen Business School 

 
 

 XVI  

 
Physical Resources o  

Geography +  
- Location  - Germany is centrally located in the world’s largest PV market 

(Europe), strategically located between eastern and western 
Europe, excellent links to neighboring countries, EU founding 
member 

- Climate 
 

 Climate rather disadvantageous for solar power; however, 
stable weather conditions, few natural catastrophes like 
earthquakes, floods, draughts (CIA 2009) 

Selected inputs - - Energy costs (US$/kWh) well above United States and Taiwan, 
significantly lower than in Japan (NSW Government 2009) 

- Neutral: raw materials, such as silicon, are purchased on world 
markets (Reuters 2009) 

   

Knowledge Resources +  

Universities and research 
institutes 

+ - Dedicated professorships at a variety of universities (e.g. Jena, 
Erfurt, Dresden) 

- More importantly, presence of world leading research institutes 
dedicated to silicon technology and PV, including Fraunhofer 
(applied research), Helmholtz, Jülich, and Max Planck (basic 
research): 
- Fraunhofer operates four research institutes and centers 

connected to PV in Germany: Fraunhofer Center for Silicon-
Photovoltaic (Halle/Saale), Fraunhofer Institute for Solar 
Energy Systems (Freiburg), Fraunhofer Institute for Silicon 
Technology (Itzehoe), and Fraunhofer Technology Center for 
Semiconductor Materials (Freiberg) (Fraunhofer 2009)  

- Max Planck operates the Institute of Microstructure Physics 
in Halle/Saale 

- Helmholtz Society: Helmholtz Centre Berlin for Materials 
and Energy and Jülich Research Center 

- Elsevier ranked Helmholtz and Jülich #3 and #4 globally in PV 
research; Germany ranked #2 worldwide in depth of PV 
research behind USA (Elsevier 2009) 

Governmental and firm 
investments into R&D 

+ - Government invested 44.5 million euros into PV research in 
2007, second only to the United States with 101 million euros 
(IEA 2007) 

- In 2007, firms invested additional 166 million euros into PV 
R&D (Lütter et al. 2008) 

   

Capital Resources +  

Venture capital availability + - Germany ranks #33 in ‘venture capital availability’ category in 
the Global Competitiveness Report 2009, in peer group second 
only to United States (Porter and Schwab 2008) 

Supply of debt capital + - Germany ranks #12 in ‘getting credit’ category in World Bank 
study (superior to Taiwan and China, equal to Japan, below 
USA) and #19 in ‘financial market sophistication’ in the Global 
Competitiveness Report 2009 (superior to all peers except 
USA) 
(Porter and Schwab 2008; IFC 2009) 
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Infrastructure +  

Transportation & 
communication system 

+ + - Germany ranked #1 globally for its infrastructure in the Global 
Competitiveness Report 2009, among others, extensive 
highway, rail, and airport networks (Porter and Schwab 2008); 
advanced telecom and mail/parcel delivery networks 

Health care system + - Within peer group, second only to Japan with regards to health 
care category (Porter and Schwab 2008) 

Quality of life o - Ranked #26 in Economist’s quality of life index, lower than 
USA and Japan, comparable to Taiwan, significantly higher 
than in China (EIU 2005) 

 

Demand Conditions  

 Value Explanation 
Home Demand Size and 
Patterns of Growth 

+ 
 

Local demand size + + - Germany world’s premier PV market, also expected to be 
largest market in 2009 (EPIA 2009c) 

Independent buyers + - Second largest solar modules producer in 2006 (Photon 2007); 
number of independent module producers continuously rising 
due to new market entrants (domestically/foreign) 

- In 2006, there were more than 16 independent crystalline solar 
module producers in Germany with production shares reaching 
from 0.9 % to 22.2 % (Photon in DGS 2008) 

- New entrants foster competition, large-scale investments into 
module/system manufacturing 

Rate of growth of home 
demand 

+ - Annual growth in the period 2004-2008 around 27 % (EPIA 
2009c); market development in other markets highly uncertain 
for 2009 

- Germany continues to be a premier market for PV installations; 
world installation share declined to 27 % in 2008, but is likely 
to rise to > 40 % in 2009 (EPIA 2009c) 

Early home demand + - Germany was the second market in the world that developed a 
significant demand for PV installations; overtook Japan as the 
leading market in 2004 (EPIA 2009c) 

   

Home Demand 
Composition 

+ 
 

Segment structure of 
demand relative to world 
demand  

- - In an international comparison, Germany has a relatively 
unrepresentative segment structure of demand, very low share 
of grid-connected centralized systems (power plants) compared 
to USA and Spain; largest share of grid-connected systems in 
international comparison of key markets (reasoned in EEG 
subsidy scheme); 95 % roof-top installations vs. 63.8 % for the 
USA (IEA 2007; EuPD 2008; BSW 2009a) 

Local demand quality + + - Largest PV installation base in the world (EPIA 2009a), results 
in well educated technical firms and end consumers 

Anticipatory buyer needs 
 

+ + - Grid-connected systems are becoming the norm, other countries 
start to resemble Germany’s segment structure (IEA 2007) 

- Environment has been a main topic in Germany for decades, 
high social acceptance of PV energy generation (Schreurs 2002) 
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Related and Supporting Industries 

 Value Explanation 
Supplier Industries + +  

Local equipment suppliers + + - German suppliers are undisputed global leaders, 50 % world 
market share in manufacturing equipment in 2008; 81 % of 
production is exported (Maiser 2009) 

- World leading suppliers in all important different types of 
equipment, e.g. vacuum technology, laser technology, glass 
coating (Ruhl and Wackerbauer 2008) 

- R&D coordination activities between solar cell firms and 
equipment suppliers (domestic/non-domestic): 
- Q-Cells and Singulus partnered to develop new production 

equipment for the manufacturing of crystalline solar cells 
(Schuster 2008) 

- Cooperation agreements beyond borders: Applied Materials 
(USA) and Sunfilm (Germany) cooperate in thin-film 
manufacturing equipment (Sunfilm 2009a); Oerlikon (CH) 
and Ersol (Germany) agreed on a similar cooperation also in 
thin-film manufacturing equipment  

- Equipment suppliers also active in developing new production 
processes and increasing crystalline solar cell and thin-film 
module efficiency, for example Oerlikon (Oerlikon Solar 2009) 

Materials suppliers + - Silicon: Germany-based Wacker Chemie is one of the four 
largest silicon producers in the world with a market share of 
around 19 % in 2007 (Lütter et al. 2008); dynamic environment 
with new entrants, for example Joint Solar Silicon (joint-
venture of SolarWorld and Evonik Industries), PV Crystalox 
Solar Silicon, and Scheuten SolarWorld Solizium (GTAI 
2009a); good links to other European producers (e.g. Q-Cells 
and REC); however, silicon is not in short supply any longer 
(Reuters 2009) 

- Wafers: in 2007, the combined global market share of German 
wafer/ingots producers was 16.2 % (Lütter et al. 2008); 
continue to invest in Germany: e.g. Wacker and Schott have 
founded a joint-venture for the production of wafers  
(Hagn and Kaufmann 2009) 

- Chemistry: chemical industry important supplier for thin-film 
and crystalline cell production, one of Germany’s traditional 
strengths: second largest exports of chemical products in the 
world, slightly behind the United States (UN 2009) 

- Glass: important medium for thin-film technology; glass firms 
are potential entrants (e.g. Schott Solar, Scheuten); in 2007, 
Germany was the second largest glass exporter in the world 
behind China, export share of  10.8 % vs. 12.0 % for China (UN 
2009) 

Economy is open to 
important supplies 

+ + - Germany ranked #11 in ‘trading across borders’ category in 
World Bank study, ranked first in peer group (IFC 2009) 

- Part of European common market 
   

Related Industries +  

Semiconductors/ 
Microelectronics 

o - Importance: manufacturing of semiconductor products with 
partly similar value system (silicon, wafers); source of qualified 
staff 

- ‘Silicon Saxony’: largest European agglomeration of 
semiconductor firms (Silicon Saxony 2009); however, sector in 
decline 

Electronics + - Importance: electronic firms as potential entrants (Bosch’s 
takeover of Ersol); Siemens and AEG were first solar cell 
producers in Germany (Dewald 2007) 
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- Global #5 producer of electronic products, fourth in peer group; 
ranked second in power engineering behind China (Ehmer 
2009) 

- Germany undisputed number one in inverters, a key component 
for PV systems; in 2007, German firms dominated the world 
market with a combined market share of 44.4 % (Lütter et al. 
2008); from the currently 20 largest firms in the world, nine are 
based in Germany (Hausmann 2009) 

Solar Modules + - 2006 figures indicate that Japan was the largest crystalline solar 
module manufacturer in the world (production output of 805 
MWp), followed by Germany (341 MWp), China (288 MWp), 
and the USA (110 MWp) (Photon 2007) 

- As of 2007, there were fourteen major module manufacturers in 
Germany covering more than 97 % of module production 
(Photon in DGS 2008) 

 

Context for Strategy and Rivalry 

 Value Explanation 
Rivalry + +  

Competition among local 
companies 

+ + - Germany generally constitutes a vital competitive environment 
for firms, ranked #1 for local competition in the Global 
Competitiveness Report 2009 (Porter and Schwab 2008) 

- Competition in solar cells based on second largest number of 
firms in high spatial proximity; strong rivalry between ‘groups’ 
of cell manufacturers (for example Q-Cells and Ersol), based on 
fights for market share, competing technologies, and input 
competition (namely silicon, mitigated by relying on long-term 
supply contracts); module manufacturers source from a variety 
of different cell producers (domestic/foreign) based on price 
and contract terms 

- Four German firms in the world’s 20 largest cell manufacturers; 
three German firms in top ten of thin-film modules (Photon 
2009b) 

- Strong expected increase in domestic (+59 %) and foreign cell 
production capacity for 2009 likely to further intensify 
competitive pressures (Hirshman et al. 2009) 

Strong antitrust laws + + - Well enforced through German and European law; by far 
strongest in peer group and global number two in ‘effectiveness 
of anti-monopoly policy’ category in the Global 
Competitiveness Report 2009 (Porter and Schwab 2008) 

Openness to import 
competition/FDI 

+ + - Subsidies according to EEG not bound to origin of solar 
cells/modules/systems; strong position of foreign firms on the 
German market, especially in the early years (2000-2005); 
increasing presence of foreign firms; Germany strongest in peer 
group in ‘business impact of rules on FDI’ category (Porter and 
Schwab 2008) 

Threat of new entrants + - Industry continues to be highly attractive to new entrants from 
related industries, in recent years for example Avancis (joint 
venture of Saint-Gobain, glass, and Shell, energy), Ersol 
(Bosch, auto parts maker and electronics), Johanna Solar (Aleo, 
solar modules), Malibu (joint venture of Schüco, glass and 
construction materials, and E.On, energy provider), Scheuten 
Solar (Scheuten, glass), Schott Solar (Schott, glass), and Würth 
Solar (Würth, power tools, chemicals) 
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Cooperation +  

Cooperations among local 
companies 

o - Few direct cooperations, e.g. Ersol and Schott, Q-Cells and its 
partly or fully owned subsidiaries; does not undermine 
competitiveness; unclear in international comparison 

- Mainly R&D cooperations with machinery suppliers 
Local industry associations + + - Cooperation institutionalized in several initiatives, for example 

Spitzencluster Solar Valley, SolarInput, Solar Focus, etc. 
- Strong lobby organizations such as BSW (Germany) and EPIA 

(Europe); EPIA board dominated by German firm 
representatives (EPIA 2009b) 

   

Local Investment Context +  

Economic stability o - The Global Competitiveness Report 2009 ranks Germany #40 
in category ‘macroeconomic stability’, i.e. third in peer group 
(Porter and Schwab 2008) 

Taxation o - The Global Competitiveness Report 2009 ranks Germany #89 
in ‘total tax rate’ category, i.e. third in peer group (Porter and 
Schwab 2008) 

Intellectual property rights 
protection 

+ + - The Global Competitiveness Report 2009 ranks Germany #6 in 
property rights protection , i.e. first in peer group (Porter and 
Schwab 2008) 

Subsidy schemes + + - Investors can receive very high subsidies from the EU and the 
federal level if they invest in former East Germany, up to 50 %; 
good availability of investment support (GTAI 2009e) 

 
Scale: 

Strong advantage Advantage Neutral Disadvantage Strong disadvantage 
+ + + o - - - 

Germany is leading 
in its peer group* 

Germany is second 
among its peers* 

Germany is third 
among its peers* 

Germany is fourth 
among its peers* 

Germany is last in 
its peer group* 

Peers are: China, Japan, Taiwan, and the United States 

* Partly based on estimates when comparative data were not available 
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Table IV: Criteria in the Federal Cluster Initiativ e 

a) The cluster features a critical mass, high potential, and high developmental dynamics; 

b) Implementing the cluster strategy is based on significant financial involvement from 
businesses and private investors, planned projects are based on the cluster’s strengths and 
lead to significant changes; 

c) The strategy increases the capacity for innovation, the development of unique features 
that are relevant for competition, and gaining/strengthening an internationally leading 
position; and 

d) The preconditions for implementing the strategy are given; the cluster strategy is 
characterized by economic viability; instruments for securing sustainability after the end 
of the aid are available. 

Source: translated from BMBF (2008) 
 

Table V: Selected Industry Associations with Participation of German Firms 

Name Main Activities Scope Members Website 
Bundesverband 
Solarwirtschaft 

Lobbying Germany 761 industry members  www.solarwirtschaft.de 

European 
Photovoltaic Industry 
Association 

Lobbying Europe > 200 industry 
members 

www.epia.org 

Solar Focus Silicon research Germany 12 industry members, 
12 research institutes 
and universities 

http://www.solarfocus.org 

PV Cycle Establishing recycling 
system for solar 
modules 

Global 43 members (mainly 
industry) 

www.pvcycle.org 

SolarInput Basic research, 
lobbying 

Local 
(Thuringia) 

> 50 members (incl. 
industry, research, 
public institutions) 

www.solarinput.de 

SolarValley Research, education, 
lobbying 

Local 
(Saxony, 
Saxony-
Anhalt, 
Thuringia) 

37 members (industry, 
research) 

www.solarvalley.org 

Source: based on own research; figures as of June 2009; list not exhaustive 
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Table VI: Firm Sample – Crystalline Cell and Thin-film Module Producers 

# Firm Name City Production technology* Founded 

Market  
entrance 
Germany 

Ownership 
advantage** 

Revenue 
2008† 

Revenue 
2007† 

Revenue 
2006† 

Number of  
employees 

(2008)‡ 
1 Arise Technologies Bischofswerda Crystalline 1996 2007 2 22.8 0.7 0.5 60 
2 Avancis Torgau Thin-film (CIS) 2006 2006 2, 3 - - - 90 
3 Calyxo Thalheim Thin-film (CdTe) 2005 2005 2, 3 - - - 80 
4 Conergy Frankfurt (Oder) Crystalline 1998 1998 1, 3 1,006.2 719.0 752.2 500 
5 EPV Senftenberg Thin-film (a-Si) 1991 2007 2 - - - 100 
6 Ersol Solar Energy Erfurt, Arnstadt Crystalline 1997 1997 1, 3 309.6 160.2 127.8 920 
7 Ersol Thin Film Erfurt Thin-film (a-Si) 2006 2006 2, 3 64.9 47.0 23.0 210 
8 First Solar Frankfurt (Oder) Thin-film (CdTe) 1999 2006 1, 2 876.7 354.6 95.0 500 
9 Global Solar Energy Berlin Thin-film (CIGS) 1996 2007 2 - - - 80 
10 Inventux Berlin Thin-film (a-Si/µc-Si) 2007 2007 2 - - - 120 
11 Johanna Solar Tech. Brandenburg Thin-film (CIGSSe) 2006 2006 2 - - - 100 
12 Malibu Solar Osterweddingen Thin-film (a-Si) 2007 2007 2, 3 - - - 120 
13 Masdar Ichtershausen Thin-film (a-Si) 2008 2008 2, 3 - - - - 
14 Odersun Frankfurt (Oder) Thin-film (CISCuT) 2002 2002 2 - - - 130 
15 Q-Cells Thalheim Crystalline 1999 1999 1, 3 1,251.3 858.9 539.5 1,900 
16 Scheuten Solar Cells Gelsenkirchen Crystalline 2002 2003 1, 3 - - 100.0 60 
17 Schott Solar Alzenau, Jena, Putzbrunn Crystalline/Thin-film (a-Si) 2005 2005 1, 3 482.0 283.0 - 680 
18 Signet Solar Mochau Thin-film (a-Si) 2006 2007 2 - - - 150 
19 Solarwatt Heilbronn (HQ: Dresden) Crystalline 1993 1993 1 300.0 200.0 - 60 
20 SolarWorld Freiberg (HQ: Bonn) Crystalline 1998 1998 1, 3 900.3 689.6 509.1 123 
21 Solibro Thalheim Thin-film (CIGS) 2006 2006 2, 3 - - - 150 
22 Solland Solar Cells Aachen Crystalline 2003 2003 1 - - - 400 
23 Sovello (EverQ) Thalheim Crystalline 2005 2005 1, 3 219.0 139.0 46.0 1,150 
24 Sulfurcell Berlin Thin-film (CIS/CIGSe) 2001 2001 2 - - - 170 
25 Sunfilm/Sontor Großröhrsdorf Thin-film (a-Si/µc-Si) 2006 2006 2, 3 - - - 400 
26 Sunways Arnstadt, Konstanz (HQ) Crystalline 1993 1993 1 262.3 213.5 152.3 370 
27 Würth Solar Schwäbisch Hall Thin-film (CIS) 1999 1999 2, 3 - - - 220 
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Table VI: Firm Sample – Crystalline Cell and Thin-film Module Producers (Part II) 

# Activities 

Planned 
production 

2009‡ 
Capacity 
end 2009‡ 

Production 
2008‡ 

Capacity 
end 2008‡ 

Production 
2007‡ Origin Source 

1 Mainly crystalline cells, systems 60.0 80.0 13.0 40.0 - Canada Arise Tech. (2009) 
2 Only thin-film modules 10.0 20.0 3.0 20.0 - France, NL/UK Avancis (2009) 
3 Only thin-film modules 15.0 60.0 3.0 25.0 1.0 Germany Calyxo (2009) 
4 Integrated (inverters, wafers, cells, modules, systems) 120.0 200.0 50.0 100.0 0.0 Germany Conergy (2009) 
5 Only thin-film modules 30.0 30.0 5.0 - - USA EPV (2009) 
6 Integrated (silicon, ingots, wafers, cells, modules, thin-film modules) 210.0 320.0 143.0 260.0 55.0 Germany Ersol (2009b) 
7 Only thin-film modules - 100.0 20.0 40.0 - Germany Ersol (2009b) 
8 Thin-film modules and module recycling 196.0 196.0 192.0 196.0 81.0 USA First Solar (2009a) 
9 Only thin-film modules 10.0 30.0 2.0 10.0 - USA Global Solar (2009) 
10 Only thin-film modules 20.0 33.0 2.0 33.0 - Germany Inventux (2009) 
11 Only thin-film modules 5.0 30.0 1.0 30.0 - Germany Johanna Solar (2009) 
12 Only thin-film modules 35.0 40.0 0.0 0.0 - Germany Malibu Solar (2009) 
13 Only thin-film modules - 50.0 0.0 0.0 0.0 UAE Masdar (2009a) 
14 Only thin-film modules 1.0 35.0 1.0 5.0 1.0 Germany Odersun (2009) 
15 Only crystalline cells 780.0 800.0 570.0 760.0 392.2 Germany Q-Cells (2009) 
16 Integrated (silicon, ingots, wafers, cells, modules, systems) 20.0 35.0 20.0 35.0 18.0 Netherlands Scheuten Solar (2009) 
17 Integrated (wafers in JV, cells, modules; glass, thin-film modules) 295.0 355.0 138.0 205.0 74.0 Germany Schott Solar (2009a) 
18 Only thin-film modules 35.0 45.0 2.0 20.0 - USA Signet Solar (2009) 
19 Crystalline cells and modules 17.0 20.0 13.0 16.0 10.0 Germany Solarwatt (2009) 
20 Integrated (silicon, ingots, wafers, cells, modules, systems) 170.0 200.0 160.0 160.0 135.0 Germany SolarWorld (2009) 
21 Only thin-film modules 55.0 90.0 5.0 30.0 - Germany/Sweden Solibro (2009) 
22 Only crystalline cells 150.0 170.0 60.0 170.0 36.0 Netherlands Solland Solar (2009) 
23 Integrated (ingots, wafers, cells, and modules) 100.0 180.0 80.0 100.0 - Germany Sovello (2009) 
24 Only thin-film modules 3.0 35.0 2.0 3.0 0.6 Germany Sulfurcell (2009) 
25 Only thin-film modules 70.0 205.0 - 75.0 - Germany Sunfilm (2009b) 
26 Inverters, crystalline cells and modules 82.0 116.0 33.0 76.0 38.0 Germany Sunways (2009) 
27 Only thin-film modules 30.0 30.0 20.0 30.0 15.0 Germany Würth Solar (2009) 
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Table VI: Firm Sample – Crystalline Cell and Thin-film Module Producers (Part III) 

 
Notes: 
 
* Production Technologies: 

- Crystalline: crystalline silicon 
- Thin-film technologies: 

o a-Si:  amorphous silicon 
o µc-Si: microcrystalline silicon 
o CdTe: cadmium telluride 
o CIGS: copper indium gallium disulfide  
o CIGSe: copper indium gallium diselenide 
o CIGSSe: copper indium gallium diselenide-sulfide 
o CIS: copper indium disulfide 
o CISCuT: copper indium selenide on copper tape 

 
** Ownership advantage: 

(1) firm size and/or established position 
(2) proprietary technology 
(3) exclusive or favored access to inputs, e.g. labor, natural resources, and capital  

 
† Revenues 2006, 2007, 2008: 

- In million euros, entire firm (including international revenues and non-cell activities) 
- ‘-‘ stands for either 0 or not available 
- Other currencies converted into euros (as of July 15, 2009) 

 
‡ Production/capacity data, employee data: 

- ‘-‘ stands for either 0 or not available 
- Germany only 

 

Sources: production figures based on Hirshman et al. (2009), employee data 
gathered from GTAI (2009a), remaining data from company websites and annual reports 
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Table VII: Inbound Foreign Direct Investments Summary (2005-2009) 

# Firm Name Technology City 

Capacity 
(planned) in 

MWp Origin 
Investment 
(mill. euros) 

Subsidy 
Quota 

1 Arise Tech. Crystalline Bischofswerda 80.0 (125.0) Canada 50.00 49.00% 
2 Avancis Thin-film Torgau 20.0 (100.0) F & NL/UK 272.83 15.72% 
5 EPV Thin-film Senftenberg 30.0 (30.0) USA 45.00 N/A  
8 First Solar Thin-film Frankfurt (O.) 120.0 (192.0) USA 117.00 38.89% 
9 Global Solar Energy Thin-film Berlin 20.0 (30.0) USA 32.00  N/A* 
13 Masdar Thin-film Ichtershausen 70.0 (70.0) UAE 150.00 19.07% 
16 Scheuten Solar Cells Crystalline Gelsenkirchen 20.0 (20.0) NL N/A  N/A 
18 Signet Solar Thin-film Mochau 20.0 (140.0) USA 49.70 49.50% 
22 Solland Solar Cells Crystalline Aachen 20.0 (170.0) NL 20.00 17.50% 

* Global Solar Energy applied for subsidies of unknown extent 

Sources: based on Photon (2009b) and own research 
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Table VIII: Firm Sample – Foreign Direct Investments 

Part I: Arise Tech. 

1 – Arise Technologies 
 Origin:  Canada 
 Host location: Bischofswerda, Saxony 

Location data: Begin of construction: September 2007 
 First production: June 2008 
 Number of employees: 65 (150 planned) 

 Other locations: Waterloo, Canada (Headquarters, R&D) 
 Technology: Crystalline silicon cells 
 Production size: 80 MWp / 125 MWp (planned capacity for 2009; 360MWp for 2012) 
 Investment: 50 million euros, 24.55 million in subsidies 
 GTAI21 involved: Yes 
 
Arise Technologies Deutschland is a subsidiary of Arise Technologies, Canada. The location 
in eastern Germany hosts the firm’s only cell production facility. There appear to be six chief 
reasons for locating in Saxony. First, Arise was looking for investing in Germany because of 
the market size as largest PV market in 2006 – when site selection began. Second, for locating 
in former East Germany, Arise received extensive financial support from the government. 
Almost half of the 50 million euros project is funded by state authorities (12.4 million euros 
as an incentive grant and 12.15 million euros of refundable tax credits). Third, the area 
features a high concentration of solar companies and technical and managerial workforce to 
draw upon. Additionally, Arise got the chance to employ internationally experienced 
managerial talent, for example Sjouke Zijlstra. Among others, Zijlstra held management 
positions at Shell Solar, SolarWorld, and Scheuten Solar Cells. Fourth, Arise received 
extensive investment support by state agencies. ‘Germany Trade and Invest’ – the German 
investment agency – handled location selection and finding financing partners for Arise. Fifth, 
interviews imply that Germany features skilled authorities and staff in PV investments and 
financing: Ian MacLellan, president and CEO of Arise, “We believe that by locating in 
Germany, ARISE will be able to accelerate its production plans and reduce its 
implementation risk” (Arise Tech. in greenjobs 2007). The last factor, according to Sjouke 
Zijlstra, managing director at Arise Technologies Deutschland, is the very good infrastructure.  

The availability of sophisticated German machinery suppliers was not a factor. 
Manufacturing and handling equipment is designed, delivered, and commissioned by OTB 
Solar (Netherlands), who initially also trained staff on using the machines. Also research and 
development is not a factor as it is conducted in the firm’s headquarters in Canada. 

Sources: Arise Tech. (2007), Arise Tech. in greenjobs (2007),  
European Commission (2007a), Solarserver (2007a) 

                                                 
21 Germany Trade & Invest 
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Table VIII: Firm Sample – Foreign Direct Investments 

Part II: Avancis 

2 – Avancis 
 Origin:  France, UK/Netherlands 
 Host location: Torgau, Saxony 

Location data: Begin of construction: May 2007 
 First production: October 2008 
 Number of employees: 85 

 Other locations: Munich, Germany (R&D) 
 Technology: Thin-film (CIS) on glass 
 Production size: 20 MWp / 100 MWp (planned capacity) 
 Investment: 272.83 million euros, 42.89 million euros in subsidies 
 GTAI involved: Yes 
 
Avancis is a subsidiary of Shell and Saint-Gobain and is located in Torgau, Saxony. There are 
three main reasons for locating production in Torgau, Saxony. First, Avancis’ is co-located 
with Saint-Gobain’s glass production facility that provides the glass for production. Second, 
Avancis’ research is located in Munich, Bavaria, and traces back to Siemens Solar – which 
was incorporated into Shell Solar and later on sold to SolarWorld (Shell, however, kept the 
CIS technology). Locating in a German-speaking country eases knowledge transfer. Third, 
state governments granted significant subsidies for locating in former East Germany.  

The current production is at 20 MWp per year. The production is planned to expand to 
reach 100 MWp at the location. 

Sources: Shell (2006), European Commission (2007b), GTAI (2007a) 
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Table VIII: Firm Sample – Foreign Direct Investments 

Part III: EPV 

5 – EPV (formerly Energy Photovoltaics, Inc.) 
 Origin:  United States 
 Host location: Senftenberg, Brandenburg 

Location data: Begin of construction: January 2008 
 First production: December 2008 
 Number of employees: 200 

 Other locations: Robbinsville, NJ, USA (R&D, 20 MWp cell production), 
Lawrenceville, NJ, USA (5 MWp cell production pilot line) 

 Technology: Thin-film (amorphous silicon) on glass 
 Production size: 30 MWp 
 Investment: 45 million euros, N/A for subsidies 
 GTAI involved: No 
 
EPV Solar Germany is a wholly-owned subsidiary of EPV, USA. EPV’s investment appears 
to be market seeking, although production is said to be exported as well. Another factor is 
support from local authorities. 

EPV uses its own equipment. It does not appear that EPV has received investment 
grants. They have either not been granted, yet, or EPV has not applied for such. 

 
Scott T. Massie, CEO: “The demand from Germany and the EU for our cost-effective 

solar technology has evolved into a need for EPV SOLAR to locate a manufacturing facility in 
one of the world’s most important growth areas for solar power. We applaud the city of 
Senftenberg for its commitment to the development of solar energy and for its enthusiastic 
welcome of EPV SOLAR Germany GmbH.” (EPV 2008) 

Sources: Tagesspiegel (2007), EPV (2008), IWR (2008) 
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Table VIII: Firm Sample – Foreign Direct Investments 

Part IV: First Solar 

8 – First Solar 
 Origin:  United States 
 Host location: Frankfurt (Oder), Brandenburg 

Location data: Begin of construction: April 2006 
 First production: July 2007 
 Number of employees: > 500 

 Other locations: Perrysburg, Ohio, USA (R&D, 144 MWp cell production),  
  Kulim, Malaysia (768 MWp cell production) 
 Technology: Thin-film (CdTe) on glass 
 Production size: 120 MWp / 192 MWp (planned capacity) 
 Investment: 117 million euros, 45.5 million euros in subsidies 
 GTAI involved: Yes 
 
First Solar Manufacturing Germany is a wholly-owned subsidiary of First Solar, USA. There 
appear to be five main reasons for why locating in Frankfurt (Oder). First, in interviews, firm 
representatives from First Solar emphasize the importance of the German market as the 
largest market in the world. Accordingly, the German EEG is highly praised. Second, First 
Solar received significant governmental grants for site construction of 45.5 million euros. 
Third, First Solar’s investment was highly supported from local and state authorities. Within 
just four months, all permissions for the production site were granted, including the approval 
of the aforementioned government aids. Fourth, Frankfurt (Oder) offers favorable 
employment conditions. The city used to be the home of East Germany’s largest center for 
microelectronics with formerly over 8,000 employees. Additionally, staff is highly motivated 
and flexible – around one third used to be unemployed before starting at First Solar. 
Currently, First Solar is producing using the American shift system; with two shifts per day 
with twelve hours each. Fifth, the region features a very good infrastructure with connections 
to highways and a location close to Berlin’s airports. First Solar also sourced more than half 
of its equipment from German suppliers.  

 
“As the world’s largest solar power market, Germany is the ideal location for our 

production facility. The First Solar location in Frankfurt (Oder) is testament to the successful 
environmental and economic policies in Germany. The favourable investment climate was 
made possible by the consistent promotion of environmentally friendly energies through the 
renewable energy act (EEG).” (First Solar in Solarserver 2008) 

Sources: European Commission (2006), GTAI (2007b), Handelsblatt (2007),  
First Solar in Solarserver (2008), First Solar (2009b) 
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Table VIII: Firm Sample – Foreign Direct Investments 

Part V: Global Solar Energy 

9 – Global Solar Energy 
 Origin:  United States 
 Host location: Berlin Adlershof 

Location data: Begin of construction: July 2007 
 First production: October 2008 
 Number of employees: 100 

 Other locations: Tucson, Arizona, USA (R&D, 40 MWp cell production) 
 Technology: Thin-film (CIGS) on stainless steel foil 
 Production size: 20 MWp / 30 MWp (planned capacity) 
 Investment: 32 million euros, N/A for subsidies 
 GTAI involved: No 
 
Global Solar Energy Deutschland is a wholly-owned subsidiary of Global Solar Energy, USA. 
There are two main reasons for Global Solar Energy to locate in Berlin. First, locating in 
Berlin Adlershof is mainly based on the location of one of Global Solar’s main shareholders, 
Solon. Solon owns 19 % in Global Solar Energy and is headquartered in Berlin Adlershof. 
Global Solar Energy moved into Solon’s premises. In the United States, Solon and Global 
Solar are located in close spatial proximity as well. Additionally, Solon is Global Solar’s 
largest customer. The second reason is that there are research resources in close proximity. 
Berlin Adlershof hosts the Helmholtz Centre for Material and Energy Research (formerly 
Hahn-Meitner institute) with ca. 300 employees. According to Global Solar Energy they are 
cooperating with the Helmholtz center. 

Global Solar Energy also applied for governmental grants. However, the amount is 
unknown. 

Sources: Solon (2007), Adlershof (2009), WordPress (2009) 
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Table VIII: Firm Sample – Foreign Direct Investments 

Part VI: Masdar PV 

13 – Masdar PV 
Origin:  United Arab Emirates 

 Host location: Ichtershausen, Thuringia 
Location data: Begin of construction: March 2009 
 First production: planned for Q3 2009 
 Number of employees: 180 

 Other locations: Taweelah, United Arab Emirates (140 MWp, under construction) 
 Technology: Thin-film (amorphous silicon) on glass 
 Production size: 70 MWp (planned capacity) 
 Investment: 150 million euros, 28.6 million euros in subsidies 
 GTAI involved: No 
 
As the only firm included in the sample, Masdar has not launched production, yet. However, 
the investments into the firm’s first PV facilities in Germany are significant. Masdar PV is 
part of a two billion US dollars investment initiative by Abu Dhabi’s state fund to promote 
renewable energy sources. There appear to be mainly three reasons for Masdar to choose 
Germany as the location for its primary production site.  

First, the company is interested in building up knowledge in PV. In the second step, this 
knowledge is to be transferred to the firm’s second facility in Abu Dhabi. By choosing 
Germany, Masdar taps into the ‘center of the global PV industry’. There are several 
knowledge sources Masdar can utilize. Masdar PV cooperates with a German research 
institute (Helmholtz in Berlin), a local university (University of Applied Science 
Nordhausen), and equipment suppliers (Applied Materials and Manz Automation). 
Furthermore, Masdar can draw upon highly-skilled employees and managerial talent with 
skills in setting up PV firms. For example, Masdar PV Germany’s CEO, Rainer Gegenwart, 
already set up production for First Solar in Germany. Masdar’s COO, Joachim Nell, has a 
background from Applied Materials. The other two management board members have 
additional experiences in thin-film PV, plant construction, microelectronics, and venture 
capital. Second, by investing in Germany, Masdar taps into the largest PV market. Third, 
Masdar emphasizes the supportive local government,  

The excellent infrastructure and the international reputation of Germany as a center for 
PV research and a large market were further acknowledged. Conversely, due to the large 
investment size, local subsidies seem not to have played the largest role in the investment 
decision. The German Ichtershausen facility will host marketing and sales, procurement, 
product development and research of Masdar PV. 

 
“Masdar chose Germany as the site for its first plant because Germany is currently the 

center of the global PV industry. This German plant will act as a reference plant for 
technology and knowledge transfer to the larger Abu Dhabi plant by a joint German-Abu 
Dhabi team.” (Masdar 2008a) 

 
Al Jaber, CEO: “Germany, with its technology, highly-skilled workforce, attractive 

investment climate, and direct access to the European market, make it an ideal partner for 
Masdar.” (ibid.) 

Sources: Masdar (2008b; 2008a; 2009b), Schneider (2008) 
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Table VIII: Firm Sample – Foreign Direct Investments 

Part VII: Scheuten Solar Cells 

16 – Scheuten Solar Cells 
 Origin:  Netherlands 
 Host location: Gelsenkirchen, North Rhine-Westphalia 

Location data: Begin of construction: unknown 
 First production: end of 2006 
 Number of employees: 70 

 Other locations: Venlo, Netherlands (R&D, CIS thin-film cell production) 
 Technology: Crystalline silicon cells 
 Production size: 20 MWp 
 Investment: unknown 
 GTAI involved: No 
 
Scheuten Solar Cells is a wholly-owned subsidiary of Scheuten, the Netherlands. There are 
three main reasons for Scheuten’s choice of location in Gelsenkirchen, North Rhine-
Westphalia. First, Scheuten – with the main business glass processing – took over the solar 
module manufacturing activities of Flabeg Solar International in Gelsenkirchen. Flabeg went 
into bankruptcy in 2003. With the purchase, Scheuten could secure knowledge in processing 
crystalline solar cells to modules. Flabeg itself originates in Pilkington Solar International, 
another glass specialist, and has been active in solar energy projects since the 1980s. Second, 
the location is located in spatial proximity to research and development at Scheuten’s 
headquarters in Venlo, the Netherlands. Third, Shell Solar (formerly Siemens Solar and now 
part of SolarWorld) was located in close proximity, providing solar cells and knowledge 
resources. In the beginning, Pilkington Solar even used to own a 20 % stake in Shell Solar. 

In December 2007, Scheuten also announced to build a new solar glass facility for 190 
million euros in Osterweddingen, Saxony-Anhalt. Osterweddingen also hosts Malibu, E.On’s 
and Schüco’s solar joint-venture, and two other glass firms (Euroglas and f|glass). 

 
Van den Heuvel, CEO: “There were two decisive factors involved in choosing 

Gelsenkirchen. The first is that it is close to our headquarters in Venlo, The Netherlands, 
where our research and development center is located. The other factor was that we had 
access to the very experienced know-how of our personnel, and this couldn't have been 
achieved as quickly in Eastern Germany.” (Photon 2005) 

Sources: Köpke (2002), Photon (2005), Dassow (2007), Scheuten (2007) 
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Table VIII: Firm Sample – Foreign Direct Investments 

Part VIII: Signet Solar 

18 – Signet Solar 
 Origin:  United States 
 Host location: Mochau, Saxony 

Location data: Begin of construction: September 2007 
 First production: May 2008 
 Number of employees: 130 

 Other locations: Palo Alto, California, USA 
  Chennai, India (300 MWp, planned module production, 500 million US 

dollars investment) 
  Belen, New Mexico, USA (65 MWp, planned production, 200 million 

US dollars investment) 
 Technology: Thin-film (amorphous silicon) on glass 
 Production size: 20 MWp / 140 MWp (planned capacity) 
 Investment: 49.7 million euros, 24.6 million euros in subsidies 
 GTAI involved: Yes 
 
Signet Solar Deutschland is a subsidiary of Signet Solar, USA. There are four chief reasons 
for investing in Germany.  

According to Signet’s founders, the main reason to choose Saxony as the location is to 
benefit from the expertise in semiconductors, glass, and especially PV that can be found in the 
state. Additionally, the availability of specialists and access to universities and research 
institutes are other key reasons for choosing the location. The German site does not only 
feature production but also the firm’s research center. Knowledge will be transferred to the 
firm’s other sites that are planned in the United States and India. The extremely short time 
frame from announcing the investment to starting production is said to have its foundation in 
the local expertise in building up PV facilities – including people, technology, and equipment. 
Second, Signet Solar decided to locate close to major suppliers of glass, equipment, and other 
materials. A decisive factor is the location of its main equipment supplier and technology 
partner, Applied Materials, which has a facility in Dresden. The third important factor is that 
Signet Solar received significant governmental support, including subsidies. Of the total 
investment of 50 million euros, almost 50 % are aids granted by the government. 
Furthermore, bureaucratic hurdles were said to be minimal. The fourth factor is market 
access. In locating in Germany, Signet also aimed at being close to the largest PV markets at 
that time. 

 
Prasad, VP Business Development: “Many others are trying to replicate the German 

success but it will take time. No other country has the combination of solar PV installation, 
solar PV research, and solar PV manufacturing that Germany has today.” (Harris 2007) 

Sources: GTAI (2007c), Harris (2007), Mende (2007), Solarserver (2007b),  
Signet Solar (2007; 2008b; 2008a), Site Selection (2009) 
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Table VIII: Firm Sample – Foreign Direct Investments 

Part IX: Solland Solar Cells 

22 – Solland Solar Cells 
Origin:  Netherlands 

 Host location: Aachen, North Rhine-Westphalia 
Location data: Begin of construction: March 2005 
 First production: November 2005 
 Number of employees: 50 (2005) 

 Other locations: none for R&D and production 
 Technology: Crystalline solar cells 
 Production size: 20 MWp / 170 MWp (successive capacity expansions) 
 Investment: 20 million euros, 3.5 million euros in subsidies 
 GTAI involved: No 
 
Solland Solar Cells is a special case. Production and headquarters are located directly on the 
German-Dutch border close to Aachen. As a result, the firm operates both under the Dutch 
Solland Solar Cells B.V. and the German Solland Solar Cells GmbH. The Dutch firm Solland 
Solar Energy Holding B.V. is the owner of the facility. Presumably, the three main reasons 
for Solland to locate on the German-Dutch border are the proximity to the firm’s headquarters 
in the Netherlands, the proximity to the important German market, and potential benefits from 
being able to cooperate with both Dutch and German research institutes and universities. In 
the Netherlands, Solland cooperates with ECN (Energy Research Centre of the Netherlands) 
and is part of Spectacle Alliance – a research cooperation between leading Dutch universities, 
Solland, Shell, and Scheuten. In Germany, the firm cooperates with Fraunhofer and Konstanz 
University. Solland’s core technology is based on basic research conducted by the Energy 
Centre of the Netherlands. 

Sources: IWR (2004), Oekonews (2005), Solarserver (2005), Tageszeitung (2005), Spectacle Alliance (2009) 
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Table IX: Photovoltaic Trade Data (2000-2008) 

Year 
PV world 
exports 

PV exports 
Germany 

Imports 
Germany 

Trade balance 
(imports in % of 

exports) 

Export share 
(Germany/ 

world) 

Germany’s 
export share  

across all 
industries 

2000 7,777 524 688 76.14% 6.73% 8.55% 
2001 7,528 588 879 66.94% 7.82% 9.23% 
2002 7,934 525 870 60.28% 6.61% 9.48% 
2003 10,978 803 992 80.91% 7.31% 9.91% 
2004 14,884 946 1,879 50.34% 6.36% 9.87% 
2005 18,858 1,309 3,218 40.67% 6.94% 9.25% 
2006 24,243 2,203 3,982 55.32% 9.09% 9.15% 
2007 32,374 3,522 4,865 72.40% 10.88% 9.45% 

2008* 49,629 6,314 8,346 75.65% 12.72% 9.09% 

   
According to category 8541 40 in the Comtrade database: “Photosensitive/photovoltaic/LED semiconductor 
devices – photosensitive semiconductor devices, including photovoltaic cells whether or not assembled in 
modules or made up into panels; light emitting diodes.” 

* 2008 based on preliminary data 

Sources: UN Comtrade (UN 2009) and WTO (2009) 
 

 

Table X: Key Module Manufacturers in Germany (2007) 

# Firm Name City 

Production 
Share 
2007 Origin Website 

30 Aleo Solar Prenzlau 13.30% Germany www.aleo-solar.de 
31 Asola (ASS) Erfurt 1.30% Germany www.asola-power.com 
32 Centrosolar Wismar 3.00% Germany www.sonnenstromfabrik.de 
33 Concentrix Solar Freiburg - Germany www.concentrix-solar.de 
34 GSS Korbußen 1.20% Germany www.gss-solarsysteme.de 
35 Heckert Solar Chemnitz 1.50% Germany www.heckert-solar.com 
36 Nanosolar Luckenwalde - USA www.nanosolar.com 
37 Schüco Solar Bielefeld 0.90% Germany www.schueco.com 
38 Solarfabrik Freiburg 5.00% Germany www.solar-fabrik.com 
39 Solarnova Hamburg-Wedel 0.90% Germany www.solarnova.de 
40 Solon Berlin, Greifswald 22.20% Germany www.solon.com 

Integrated crystalline cell and module manufacturers: 
4 Conergy Frankfurt (Oder) - Germany www.conergy.de 

16 Scheuten Solar Cells Gelsenkirchen 6.80% Netherlands www.scheutensolar.com 
17 Schott Solar Alzenau, Jena, Putzbrunn 6.50% Germany www.schottsolar.com 
19 Solarwatt Dresden 13.90% Germany www.solarwatt.de 
20 SolarWorld Freiberg 16.30% Germany www.solarworld.de 
23 Sovello Thalheim 4.40% Germany www.sovello.de 
    Sum: 97.20%     

Sources: based on Photon in DGS (2008) and own research 
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Table XI: World Solar Cell Production Shares of Key Nations (1995-2008) 

  1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 
USA 34.8 38.9 51.0 53.7 60.8 75.0 100.3 120.6 103.0 138.7 156.0 201.6 273.1 431.5 
Japan 16.4 21.2 35.0 49.0 80.0 128.6 171.2 251.1 363.9 601.5 824.0 913.0 932.0 1,269.0 
Germany - - - - 6.0 16.0 33.0 54.0 98.0 187.0 332.0 507.2 875.6 1,460.6 
China - - - - - 2.5 3.0 8.0 9.0 35.0 150.0 380.4 1,200.6 2,589.0 

Taiwan - - - - - - 3.5 8.0 17.0 40.0 88.0 177.5 461.6 919.5 

World 77.7 88.7 125.8 154.9 201.3 276.8 386.0 547.1 748.4 1,193.5 1,786.1 2,520.8 4,278.7 7,909.8 
               
  1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 
USA 44.8% 43.9% 40.5% 34.7% 30.2% 27.1% 26.0% 22.0% 13.8% 11.6% 8.7% 8.0% 6.4% 5.5% 
Japan 21.1% 23.9% 27.8% 31.6% 39.7% 46.5% 44.4% 45.9% 48.6% 50.4% 46.1% 36.2% 21.8% 16.0% 
Germany - - - - 3.0% 5.8% 8.5% 9.9% 13.1% 15.7% 18.6% 20.1% 20.5% 18.5% 
China - - - - - 0.9% 0.8% 1.5% 1.2% 2.9% 8.4% 15.1% 28.1% 32.7% 

Taiwan - - - - - - 0.9% 1.5% 2.3% 3.4% 4.9% 7.0% 10.8% 11.6% 

% of World 65.9% 67.8% 68.4% 66.3% 72.9% 80.2% 80.6% 80.7% 79.0% 84.0% 86.8% 86.5% 87.5% 84.3% 

Sources: data compiled from BSW (2009b), Earth Policy Institute (2009), and Hirshman et al. (2009) 
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Figure I: Solar Cell Production by State or Region 2007-2008 

 
Source: Photon (2009b) 

 

Figure II: The Largest Photovoltaic Markets in 2009 

(Newly Installed Capacity in MWp, Moderate Scenario) 

 
Source: EPIA (2009c) 
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Figure III: Global Annual Photovoltaic Market Outlo ok Until 2013 

 

Source: EPIA (2009c) 

 

Figure IV: Solar Cell Production Capacity Outlook 2009-2013 (End of Year) 

 

Source: EPIA (2009c) 
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Figure V: Interdependencies of the Four Largest Domestic Solar Cell Firms 

 
Sources: based on own research, information derived from annual reports and company websites (as of June 2009) 


