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Preface 
 

In front of you lies my report about the relative (dis)advantage of photovoltaic energy 

systems in the Netherlands and the possible application of such systems at the Corus 

site in IJmuiden. This thesis is my final assignment at the Eindhoven University of 

Technology. After graduation, I aspire to start an interesting career outside the 

University. 

 

This graduation project was performed at Corus Steel B.V. who I am very grateful for 

providing me a place and inspiring environment where I could perform my research 

at. The main objective of this paper was to assist decision makers at Corus with the 

(possible) future implementation of PV systems at their company site. But the 

findings in this report can also be used by decision makers at other companies or by 

private individuals themselves.  

 

Then, I would like to thank everyone who helped me during my research and took the 

time for my interviews. I especially want to express my gratitude towards my 

company supervisor Gerad Jägers and Bauke Bonnema from Corus building systems 

who both supported me during the whole project. Also, special thanks go to my 

university mentors, Fred Lambert and Geert Verbong who helped me to refine this 

thesis into its final form. Finally, I want to express my appreciation towards my 

family and friends for their continuous support and advice during all those years of 

study. 

 

I hope you enjoy reading this report and that it will help you to formulate your own 

opinion about the practical usage of photovoltaic energy systems in the Netherlands or 

whether it could fulfil a role in your own business or private life. 

 

 

E.R.R. Gangadin 

Helmond, May 2009 
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Executive Summary 

 

Introduction 
Solar energy systems continue to gain interest as mankind is searching for clean, affordable 

energy. For decades solar energy has been categorized as inefficient and too expensive in 

comparison with conventional energy sources. However, several factors like the concerns for 

the environment, governmental policy, and cost reductions in combination with continuously 

increasing energy prices, have accelerated the expansion of photovoltaic (PV) solar systems 

all over the world. Not only in the most sunniest places far away from the Netherlands, but 

also more closer to home, like in Germany and Belgium. Given the current activity and 

interest in PV solar energy, Corus wondered whether PVs could fulfil a role in its own vision 

of a more sustainable future. Due to the numerous varying factors that are of concern towards 

the (potential) adoption and the given complexity that this creates, Corus was uncertain if, 

how and when solar energy could be applied on their site in IJmuiden. 

 

Objective 
The main objective of this study was to assist decision makers at Corus Steel B.V. with the 

development of a policy concerning solar energy integration at their company site in 

IJmuiden. This was performed by taking into account the characteristics of the innovation as 

well as the specific characteristics of Corus itself. To this end, the main deliverable was 

formulated as follows: 

 

A long term adoption strategy concerning the (potential) application of photovoltaic energy 

systems at the Corus site in IJmuiden, taking into account the main drivers and barriers that 

thrive or limit the adoption of PVs on a national level. 

 

Besides aiming for a specific practical solution for Corus, a second more rigorous objective 

was to determine what relative advantage PV systems could deliver on a national level, 

without taking into account the characteristics of a specific actor. This objective was captured 

into the following research question: 

 

What relative advantage do PV systems have to offer in the Netherlands, and how will this 

relative advantage influence the further national dissemination of PV systems? 

 

Theoretical background 
PV systems, like any other technological innovation, are adopted by actors for more than one 

reason. Still, research has shown that for renewable energy innovations, the most important 

reason for understanding and assessing the widespread adoption and diffusion is the relative 

advantage these innovations have to offer. Relative, indicating that the advantage is 

determined by comparing it to the product or service it potentially could be replacing. To be 

precise, PV systems deliver in essence the same benefit as a technology already widely 

adopted, electricity from the grid. The relative advantage of PVs can therefore be measured 

by comparing it in economical as well as in ecological terms with the already adopted 

technology. Research has shown that this relative advantage is determined by the specific 

characteristics of the innovation in combination with the specific characteristics of the 

potential adopter. For renewable related innovations, governmental support schemes and 

energy prices have proven to be important contextual factors to take into account for 

assessing the relative advantage they have to offer.  

 

Characteristics of the innovation 
PV technology has come a long way from its discovery to where it is now. Even now PV 

technology is quickly evolving; new record breakthroughs on cell efficiency keep following 

each other up in a rapid pace. However, technological breakthroughs are not and cannot 

directly be translated to products widely available on the market. Often, many steps and even 
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many years are required to translate new technological breakthroughs into market mature 

products. PV technologies that reach the highest efficiency are too expensive for (world) wide 

market deployment, so the market is currently dependent on relatively low efficiency cells. 

For now, crystalline and thin film modules make up the largest part of this market due to their 

highest cost competitiveness. Thin-film cells offer significantly lower efficiencies than 

crystalline cells do, but compensate this deficiency by lower market prices. It still remains 

rather difficult to give an unambiguous answer to how much current PV systems cost. Turn-

key system prices can vary under influence of the balance of system costs (BOS). These costs 

are adopter/situation specific and estimations can only be made based on average installation 

costs of previously realized installations. Besides highly variable BOS costs, PV module 

prices vary widely on the market, making the final turn-key system prices even more variable. 

This uncertainty makes it difficult to communicate a fixed price towards potential adopters 

who on their turn are facing an ambiguous picture of what relative advantage PVs could 

deliver to them. Still, average prices have been decreasing almost continuously ever since the 

market introduction of this technology, in line with predictions of many scientists. 

Remarkably, the last four years have shown stagnation and even an inclination in the prices of 

PV modules. It seems that this ‘fluctuation’ is an effect caused by a (temporary) silicon 

supply shortage. In the future, there are also other factors that could distort the expected 

continuous decline of PV prices. Time will tell if prices will continue to drop like they have 

during the past decades. Predictions are made when certain price points will be achieved, 

based on results in the past. However, like recent price increases have shown, offer no 

guarantee for the future. 

 

The relative (dis)advantage on a national level 

The rapid growth of PVs to be seen on a European level cannot be recognized on a national 

level. Taking a more in-depth look at PV growth in the Netherlands has shown that PV 

adoption has nearly come to a halt since four years ago, when almost all governmental 

support schemes for renewable energy sources were terminated. The absence of governmental 

incentives have clearly created an financial gap between the costs of PV electricity and the 

costs of conventional grid electricity, which is not easily crossed over. This ‘cost gap’ can be 

marked as the main obstacle for the further widespread adoption and diffusion in the 

Netherlands. Further assessment of the cost gap made clear that due to energy taxes, the 

market of potential adopters is segmented; small electricity consumers face a far smaller cost 

gap than large and heavy electricity consumers do. Research and experience in other countries 

have shown that payback times (PBT) of 15 years or less are necessary for the further 

widespread dissemination. A sensitivity analysis concerning the PBT of PVs, has shown that 

no realistic short term scenarios are currently imaginable that bring down the costs/PBT to a 

level that could support the short term diffusion. If we solely look at the relative advantage of 

PV systems in Netherlands without taking into account governmental incentives, it can be 

concluded that PV systems cannot deliver any financial advantages. In strictly economic 

terms, PVs are not viable because they cannot compete with conventional electricity from the 

grid on a unit cost basis. However, the environmental benefits - preventing generation of 

electricity with fossil fuels and therefore the emission of CO2 - have motivated the 

government to start new support schemes for enhancing the introduction of renewable energy 

sources in the Netherlands. These support schemes are able to close the cost gap and bring 

down the PBT in the range of 15 years. Nevertheless, a sensitivity analysis has shown that 

those 15 years can only be attained by those actors who have access to the lowest turn-key 

prices, have roof surface available that facilitates optimal set-up, have access to low cost 

capital and are able to subscribe to the limited support scheme. Until PV systems can be 

adopted against a payback time of 15 years or less, further diffusion will be driven and limited 

at the same time by governmental subsidy budgets. Initial subsidy request have demonstrated 

that the potential market for PV is far larger than the subsidy budgets allow. Only unlimited 

support schemes, like those that have been applied in Germany and Belgium, would pave the 

way for the rapid expansion of PVs that can be recognised on a European level. 
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The relative (dis)advantage to Corus 
The company site located in IJmuiden covers up to 750 ha of ground, housing numerous 

warehouses, office buildings and factories. A rough estimation showed that probably around 

80 ha of roof space would be suitable for PV application. Depending on the PV technology 

and its respective efficiency, it would be possible to generate the electricity consumption of 

more than 14.000 households. Although this potential electricity generation looks enormous, 

it would be just a fraction (<3%) of Corus’ total electricity demand. Further, adopting PV 

would have no effect on the direct CO2 emissions emitted by Corus. Generating and 

consuming electricity from PV systems, substitutes the use of fossil fuel generated electricity 

from the grid. Adopting PVs would therefore only help to abate upstream CO2 emissions; not 

directly contributing to Corus’ environmental goals. However, there still is an indirect 

positive environmental contribution to the adoption of PV systems. Each kWh produced and 

consumed with a PV system, would prevent the use and generation of a kWh generated by the 

combustion of fossil fuels. Also, adopting PVs could help to enhance corporate image and 

increase social acceptance; the question remains if this is worth the high investment PV 

systems require. Looking at PVs from an economical perspective has proven to be rather 

problematic. To be a financially attractive investment option to Corus, PV systems would 

have to reach PBTs shorter than 5 years. The economical analysis has shown that no short or 

long-term scenario could lead to such a low PBT. Even governmental incentives cannot 

change the outlook. One last point of concern are the relatively high dust depositions on the 

Corus site. It is unknown if and to what extent this could influence system operation 

efficiency.  

 

Recommended adoption strategy 

The large roof surface on the Corus site has the potential to host a vast amount of PV 

capacity. However, the analysis has shown that this potential cannot be fully utilized by Corus 

from an economical perspective. Although, the positive environmental effects in combination 

with the beneficial impact on corporate image could well be a reason to adopt PV systems; 

albeit on a far smaller scale than would potentially be possible, considering the high 

investment costs related to PV systems. Small-scale PV applications would provide insight 

and confidence whether dust deposition should be of concern for the efficiency of electricity 

generation. In addition, governmental incentives cannot turn the financial perspective; PV 

systems remain financially unattractive even with a BPT of 15 years. However, Subsidies do 

enable Corus to contribute to a better environment and enhance corporate image against a far 

more acceptable price than would be possible without governmental incentives. Corporate 

management will have to decide if and to what extent it is willing to allocate financial 

resources for PV application to gain the aforementioned benefits. An internal subsidy system 

could then motivate small-scale application of PV systems within Corus’ business units. 

Especially the construction or thorough renovation of new office buildings would be an ideal 

opportunity to apply small scale (BI)PV systems, that have a high exposure to internal and 

external stakeholders. Close and continuous monitoring of governmental policy is essential to 

be able to adopt PV against the lowest financial resources. History has proven that support 

schemes change more than often, influencing the relative (dis)advantage of PV systems quite 

dramatically. Although the large-scale adoption of PV systems is simply not financially 

attainable, external parties could still utilize the enormous roof space. Large roofs, a secured 

area and the highest average solar insolation in the Netherlands, would make Corus IJmuiden 

an ideal host for PV installations. The analysis on a national level has shown that investing in 

PVs could well become financially attractive for external investors over time. Corus could 

then lease its enormous roof surface for PV implementation without having to invest in such 

systems itself, while still (indirectly) positively contributing to the environment and 

enhancing corporate image. It is in Corus’ own and the environments’ best interest to direct 

most of the available financial resources to other energy efficiency related measures, which 

are more economically and environmentally effective than PV systems could effectuate.  
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1. Introduction 
 

 “We believe that climate change is the biggest issue ever to confront our industry. We 

understand that to face this challenge, we need to think boldly and commit resources. We are 

prepared to make this issue a priority, for the future of our business- and our planet”
1
 

 

(Executive Committee Members, Corus Group, 2008) 

 

Today companies are faced with the ever-growing problems related to environmental issues. 

To tackle these problems, companies are continuously searching for methods to reduce their 

impact on the environment. This is done on several ways, for example by making processes 

more energy efficient and making use of recycled or less hazardous materials in the 

production process. 

 

In the past few years, the attention for the global greenhouse effect has seriously increased. 

This effect is significantly enhanced by the combustion of fossil fuels and the accompanying 

CO2 emissions. According to many scientists, the increasing concentration of CO2 gases in the 

air causes global warming (Oreskes, 2004). The overall public opinion is that we all together 

should work on ways to reduce our impact on the environment. We as consumers, but 

certainly also companies, are responsible for a significant amount of CO2 emissions. The 

largest part of anthropogenic CO2 emissions are generated when fossil fuels are combusted 

for energy. Several renewable energy resources are available today like wind, water, bio- and 

solar energy, which all could help to drastically reduce CO2 emissions. Although these 

renewable energy sources could be an answer to the demand for clean emission free energy, 

various obstacles counter the introduction of these ‘solutions’. 

 

This thesis focuses on the obstacles but also on the chances that surround the introduction of 

solar energy systems in the Netherlands. Solar energy can be roughly divided into two main 

categories, photovoltaic (PV) and solar-thermal energy. In this thesis the main focus will be 

on photovoltaic solar energy systems. Photovoltaic literally means light-electricity: ‘photo’ 

coming from the Greek Phos, meaning light, and ‘volt’ from the Italian scientist Alessandro 

Volta; a pioneer in the study of electricity. This technology originally developed for space 

applications in the 1950s could be a sustainable answer to the ever-growing need for energy. 

In this report the focus will be on what part it potentially could play in Corus’ vision to a 

more sustainable future. Multiple factors should be taken into serious consideration before 

deciding to invest in solar energy. Factors like corporate vision, corporate image, 

governmental subsidies, cost/performance ratio of solar panels, interest rates, trends in energy 

price, etc. all influence whether investing in solar energy is a rational decision. Most of these 

factors are also continuously varying over time, making an adoption decision even more 

complicated. Due to this complexity many organizations, like Corus IJmuiden, are uncertain 

whether now is the right time to step into PV solar energy or whether it is better to delay the 

adoption decision and wait for future developments. This thesis aims to map the most relevant 

factors and determine what their influence is on the adoption and diffusion of PV systems 

(‘PV systems’ and ‘PVs’ are used interchangeably) on a national and actor level. With the 

insights from the analysis, an innovation adoption strategy will be developed for Corus Steel 

that incorporates the drivers and barriers identified throughout this report. 

  

                                                      
1
Corus World, Environmental special issue. Summer 2008, pg4 
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1.1 Context of the project 

Photovoltaics have attracted increased attention in recent years. Since 1954, photovoltaic 

technology has progressed with extraordinary rapidity. Improvements in effectiveness, 

continued reductions in costs and increasingly high reliability have facilitated the 

international expansion of PVs (Sayigh, 1999). Advocates
2
 of Solar energy proclaim that it is 

a reasonably clean and economical energy alternative. It could help mankind to decrease the 

dependency on fossil fuels and so diminish the negative impact we have on our environment. 

Although PV technology is conceptually simple, harnessing the sun’s energy with a solid-

state device, generating electricity with PV cells is generally assumed to be both too 

expensive and too far behind in terms of market penetration to have any meaningful 

contribution to the worldwide energy demand. This partially can be explained by the false 

promises in the 1970s that solar energy would fulfil a large role in our energy consumption 

before the ending of the 20
th
 century (Abate, 2004). Unfortunately, these predictions did not 

became reality. Still, costs of PV systems have been gradually decreasing (see Figure 1) as 

the efficiency of solar panels increases and the costs of manufacturing decline due to 

introduction of new (production) technologies, like thin-film solar PV. Also the increased 

concerns about our environment and the negative impact that fossil fuels have on it, spurred 

governments all over the world to stimulate the adoption and diffusion of renewable energy 

sources, including solar energy. 

 

 
Figure 1: Weighted European price developments for PV cells (source: PV policy group, 

2006) 

 

This graduation project aims to get an insight into the maze of regulations, technological 

developments, electricity price developments, etc. that form the context of the decision to 

adopt this technology within the Netherlands. What are the main drivers and barriers that 

influence the adoption and diffusion of PV systems, and how do these drivers and barriers 

affect the adoption decision of a specific (potential) adopter, Corus Steel in IJmuiden. 

  

                                                      
2
 For example EPIA & Greenpeace: Solar Generation V - 2008 
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1.2 Company background 

Corus Steel B.V. located in IJmuiden (referred to as ‘Corus’ from now on) exists out of 

several business units, which form an integrated steel company. Integrated refers to the whole 

process which starts with the supply of raw materials like iron ore, coal and aggregates, to the 

finished steel products ready for transportation to customers all over the world. In 

comparison, non-integrated steel works also known as mini steel works, mainly use scrap for 

the production of steel instead of iron ore. Important markets are the automotive-industry, the 

building sector and the packaging-industry. Four business units regulate all activities in 

IJmuiden: Corus Strip IJmuiden (CSPIJ), Corus Packaging Plus (CPP), Corus Light Strip 

Products (CLSP) and Corus Colors (CC). CSPIJ is responsible for the supply of raw 

materials, the preparation and production of pig iron and producing steel on-site in IJmuiden. 

CPP is responsible for the production and sales of cold-rolled products for the packaging 

industry. CLSP is responsible for producing and selling all cold-rolled products with 

exception of products for the packaging industry and painted products. Painted products are 

the responsibility of CC who have a painting line at their disposal. 

 

With an annual emission of approximately 11 million ton CO2 (Corus annual social report, 

2007), Corus belongs to the top of CO2 emitting companies in the Netherlands (Dutch 

emission authority, NEa see appendix A for top 10). Corus is aware of its massive dependency 

on fossil fuels to be able to produce its steel products. Therefore Corus is continuously 

searching for methods to decrease its energy requirements. For example, by making its 

processes more energy efficient, effective recycling of (waste) materials and re-using surplus 

heat for several purposes, like residential heating. And they have done well, belonging to the 

world top of energy efficient steel producers (Corus annual social report, 2007). Although the 

absolute amount of CO2 emissions has increased during 2007 in comparison with 2006, the 

emissions of CO2 gases per ton produced steel have decreased with 11%. This is the result of 

the many steps Corus has taken to enhance their energy efficiency. Larger production 

volumes resulted in a higher absolute emission of greenhouse gases. To further reduce the 

impact on the environment, Corus searches for other options outside conventional techniques. 

Options like wind-energy, bio-mass and CO2 Capture and Storage (CCS) are taken under 

serious consideration.  

 
Figure 2: The context of this project within Corus 
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The YmGreen (I am Green) program: 

The search for methods to decrease energy consumption, increase energy efficiency and the 

possible application of renewable energy sources, has spurred Corus to develop the YmGreen 

program. The YmGreen program started in the end of 2007 in order to further increase energy 

efficiency and decrease the CO2 emissions at the Corus site in IJmuiden. This program does 

not only focus on high impact measures, like actions to enhance efficiency at the furnaces, but 

also measures that have a relatively low impact, like adjusting computer and lighting usage. 

YmGreen also comprises a significant amount of feasibility studies that are undertaken to 

determine and document if a project is viable (for a complete overview of objectives see 

appendix B). This study can be seen as one of those feasibility studies performed to assess the 

potential of solar PV systems. Other topics that will be studied outside this project, are 

amongst others: the effective recovery of waste heat and gases, the capture and storage of CO2 

to drastically reduce the carbon dioxide emissions, and the potential use of bio-fuels. 

 

Besides using a technological approach, YmGreen also tries to change the attitude of the 

people working within the organization by making them more aware of the impact they have 

on the environment and how their behaviour influences the effect on it. This is for example 

achieved by publishing energy saving tips in the monthly company letter, distributing posters 

and leaflets and keeping the organization up to date about its ecological achievements. All 

this to keep everyone constantly motivated to contribute his or her own share towards Corus’ 

vision of a more sustainable future. 

1.3 Problem definition and research questions 

In the course of an organizations life, decisions about whether to adopt or reject an innovation 

are fairly frequent: sometimes the decisions taken are well thought out, but just as often turn 

out wrong due to mediocre, uninformed decision making (Dean and Sharfman, 1996). 

 

The main objective of this research is to help Corus examine and develop an attitude towards 

the possible adoption of PV systems on their site in IJmuiden. To this end an adoption 

strategy for the application of PV systems on the Corus site will be developed. This strategy 

will incorporate the opportunities and barriers that surround the technology and will be 

focused on the short and long term. 

 

Main deliverable (=objective): 
A long-term adoption strategy concerning the (potential) application of photovoltaic systems 

at the Corus site in IJmuiden, taking into account the main drivers and barriers that thrive or 

limit the adoption and diffusion of photovoltaic systems in the Netherlands. 

 

Developing this strategy can be seen as the design phase of this graduation project. However, 

a design should not fall right out of the sky but should be based on a well-underpinned 

analysis of the topic at hand. With regard to this main objective, the following research 

question is formulated: 

 

First research question: 
What relative advantage do PV systems have to offer in the Netherlands, and how will this 

relative advantage influence the further national dissemination of PV systems? 

 

Knowledge of the barriers and drivers on a national level will not only help developing a 

relevant solution for Corus but will also serve a more rigorous aim. Besides gaining insight in 

the contextual factors that influence the adoption decision for Corus, it will provide a more 

general insight in the limiting and driving forces of the adoption and diffusion process in the 

Netherlands concerning PV systems. 
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With regard to this aim, the following sub-research questions will help to formulate an answer 

to the above question: 

 

• What are photovoltaic systems and how do they work? 

• To what extend has the adoption and diffusion taken place in the Netherlands? 

• What drivers can be found that promote(d) the adoption and diffusion of PV systems 

in the Netherlands? 

• What barriers can be found that limit(-ed) the adoption and diffusion of PV  systems 

in the Netherlands? 

 

These findings and insights gained in the first analysis phase can then be used in the second 

analysis phase where we will assess how the identified drivers and barriers apply to Corus’ 

specific situation. 

 

Second research question: 
What potential role, on the short and long term, can solar PV systems play in Corus’ vision 

and mission towards a more sustainable future? 

 

The second research question will be assessed with the following sub-research questions: 

 

• What role could PV systems fulfil in Corus’ energy requirement? 

• To what extent could PV systems contribute to the ‘hard’ goals Corus has concerning 

sustainable development? 

• What other factors could drive the adoption of PV systems at the Corus site in 

IJmuiden? 

• What other factors form a barrier to the adoption of PV systems at the Corus site in 

IJmuiden? 

1.4 Contribution to the field 

The first research question will provide insight into what factors drive the adoption and limit 

the widespread diffusion of solar PV systems in the Netherlands. Understanding the barriers 

and opportunities that potential adopters are facing concerning solar PV systems can be of 

importance for suppliers and marketing activities. Knowledge of the barriers would make it 

possible to undertake steps aimed at taking away or diminish the impact of these limitations. 

Understanding the opportunities makes it possible to advertise and endorse those factors that 

could enhance sales figures and further dissemination of PVs in the Netherlands.  

Even the practical specific findings meant for Corus, could give insight in the drivers and 

barriers that other companies, who resemble in size or industry, face with regard to the 

possible implementation of PV systems. The lessons learned can also contribute to better, 

more informed policy decision making, enhancing and promoting the adoption and diffusion 

of solar PV systems in the Netherlands. 

1.5 Research demarcation and scope 

This research is not aimed to make any explications about whether PV solar energy is the best 

option amongst all renewable energy sources available to Corus, nor does it pertains to give 

an exhaustive picture of all variables relevant to the adoption and diffusion processes in the 

Netherlands. It is aimed at investigating if and how PV solar energy could be implemented on 

the Corus site. Drawing upon insights gained on the most important drivers and barriers that 

play a role in the adoption and diffusion process of PV systems on a national level. Taking 

into account benefits, drawbacks and the particular characteristics of Corus itself, an adoption 

strategy will be developed that can be seen as an advice into the area of PV and its future 

potential. 
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1.6 Report outline 

This report is subdivided into nine chapters. The initial exploring phase that led to the 

formulation of this research project is further clarified in chapter 2. Chapter 3 continuous with 

a closer look into the theoretical background that underlies the adoption and diffusion 

processes in general and those that specifically apply to PV systems. Based on the theoretical 

background of the adoption and diffusion process and the findings in literature concerning the 

adoption of solar power systems in general, a conceptual analysis framework will be 

developed. This framework will then be a guideline in the first and second analysis phase. 

Chapter 4 lays out the research design and methodology used throughout this paper. Chapter 5 

starts with an examination of the characteristics of the innovation to be adopted; the technical 

functioning, environmental impact and costs of PV systems will be discussed. Although it 

would be possible to write a whole book about PV technology alone, the main aim of this 

chapter is to give the reader sufficient insight into the technical functioning and jargon used 

when discussing PV systems. In chapter 6, we will start analysing what factors drive or limit 

the current PV adoption and how they will influence further diffusion in the Netherlands. 

Chapter 7 starts analysing how the identified drivers and barriers apply to Corus’ specific 

characteristics and situation. In chapter 8, an adoption strategy will be developed that builds 

upon the findings of the analysis phase. It also presents recommendations with regard to the 

possible implementation of the proposed innovation adoption strategy. Finally, chapter 9 

concludes with a discussion of the findings, limitations of the study and recommendations for 

further research. 
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2. Preliminary Research 
 

The initial problem as stated by YmGreen was to find out what type of solar power systems 

are available on the market and which could be a viable solution at the Corus site. Besides 

determining which of the solar power systems available would be technically feasible, it was 

also assessed if the type of energy delivered by these systems would suit the energy needs of 

Corus itself. 

 

Figure 3 presents a graphical overview of solar power systems available and the type of 

energy these systems are able to deliver.  

 

 

 

Figure 3: Overview of Solar Power systems 

 

When looking at solar collectors, we see that these are technologically feasible in the Dutch 

climate and are readily available on the market. Still, solar collectors were not seen as a 

suitable option because they generate hot water. Hot water is already abundantly available on 

the Corus site; it is a residual by-product of the production processes that take place on-site. 

Waste heat is already used in several buildings for residential heating. Corus would like to 

extend the use of waste heat on its site instead of generating warm tap water with (expensive) 

solar heating systems. Another reason why solar collectors are seen as a less attractive option 

is that demand and production would be off-balance. In summer when the need for hot tap 

water is lowest, the production would be highest. In the winter when the need for hot tap 

water is the highest, the thermal heating system would produce the lowest amount of energy. 

This problem could partially be captured by making use of an (underground) heat storage 

system. However, such a system would make the total installation far more expensive. 

Although, when constructing new buildings, thermal solar systems in combination with heat 

storage could become a viable option. Another limitation to the use of thermal solar systems, 

is the limited possibility to transport the heat along the Corus site. The generated warm water 

is of a relatively low temperature so that transportation at long distances is not a viable option. 

Further research is required to clarify if waste heat can be effectively and economically used 
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in existing buildings and if thermal systems in combination with heat storage could be 

profitably applied at new housing estate. 

 

CSP stands for Concentrating Solar Power, and is applied in regions with a high number of 

direct solar hours a year. CSP is a technology that can be used with photovoltaic as well as 

with thermal systems. However, CSP systems can only function with direct sunlight, so when 

clouds scatter the solar rays, CSP solar system almost stop generating energy. In the Dutch 

climate, there are simply not enough direct solar hours and too many clouds to make the 

application of CSP systems a feasible option (Lako and de Vries, 2006). 

 

This leaves us with the option of Photovoltaics without the application of CSP. PV systems 

can be applied on roofs, facades and simply on the ground. The electricity that such systems 

generate can be easily transported using the existing (local or public) electricity grid. PV 

systems are also modular which makes it possible to step into the technology to a certain 

degree and extend further adoption over time. Within PV systems, we can make a distinction 

between solar modules that can be mounted to a fixed frame/roof or on dynamic solar 

tracking system. Solar tracking systems are mechanical frames that can move on one or even 

two axes. This makes it possible to keep the module optimally inclined to the sun during the 

whole day, resulting in a higher annual electricity output. However, such systems can only be 

installed on the ground due to their weight and are therefore not suitable for roof integration. 

Another important point is that the costs for solar tracking systems are higher than for fixed 

systems. In addition, with regard to the movement of the panels, a larger area is required to 

prevent shading between the panels. The increased efficiency can range between ca. 15-30% 

depending on geographical position and type of tracking system (1 or 2 axis). Hence, it would 

only be interesting to use such solar tracking systems when space is sufficiently available and 

increased output counterbalances the increased costs. Increased risk due to mechanical failure 

of the tracking system can also be of concern, possibly resulting in significantly higher 

maintenance costs. At the Corus site PV application would only be possible on buildings, due 

to scarcity of free open surfaces, ruling out the option of solar tracking PV systems installed 

on the ground. 

 

Another option considered were PV systems that function off-grid, meaning that they have no 

connection to the public or local electricity grid. On the Corus site, there is actually no need 

for off-grid functioning PV systems. A well-integrated and widespread (local) electricity grid 

available on the Corus site makes the application of off-grid systems irrelevant. There is 

almost no single spot to be found where there is no access available to the electricity grid. 

Off-grid systems are more expensive in nature than on-grid systems are due to the need for 

expensive batteries. These batteries function as a buffer to store and retrieve electricity in 

correspondence with solar intensity. The lower costs and higher versatility of on-grid systems 

make them a logical choice above off-grid systems whenever an electricity grid is available. 

 

Taking into account the aforementioned reasons, it was decided to focus this graduation 

project solely on (on-grid) static PV systems and their potential application at the Corus site. 
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3. Theoretical background 
 

Little contemporary research has been performed on the current conditions in the Netherlands 

concerning the adoption and diffusion of PV systems. The overall consensus until know was 

that PV systems are simply too expensive. Specific research aimed at identifying and 

addressing the variables that determine the adoption and diffusion process of PV systems are 

scant. Therefore, we first take one step back and look into what already has been written 

about the adoption and diffusion of technological innovations in general. In the literature, we 

identify what factors are of influence for the adoption and diffusion of innovations. The next 

step is than to use scientific research to find out what factors are the most important for 

understanding and explaining the adoption and diffusion of PV systems within a country. 

Combining these findings will result in a conceptual analysis framework that will be a 

guideline for going through the two analyses phases in the subsequent two chapters.  

3.1 Adoption and diffusion theory 

There has been a long and impressive history of research related to the adoption and diffusion 

of innovations (Surry & Brennan, 1998). The most widely cited and most influential 

researcher in the area of adoption and diffusion of innovations is Everett Rogers. Rogers 

‘Diffusion of innovations’ is perhaps the single most important book related to this topic and 

provides a comprehensive overview of adoption and diffusion theory. It was first published in 

1962 and now in its 4
th
 edition (Rogers, 1995). According to Rogers, innovation adoption can 

be seen as, “a decision to make full use of an innovation as the best course of action 

available”. Technological breakthroughs, like PV systems, cannot be seen as innovations until 

economic, social or political actors adopt them. An innovation can be a product or service, an 

organizational process, an administrative program, a technology, a policy or a system related 

to organizational members (Damanpour and Evan, 1984). 

 

One of the most important theories discussed by Rogers is the Innovation-Decision Process 

Model, as is shown in Figure 4. This model suggests that the adoption of an innovation is not 

a single act, but a process that occurs over time. In figure 4, five stages can be recognised. A 

set of ‘prior conditions’ such as felt needs or problems, innovativeness and norms of the 

social system all serve as antecedents to the knowledge state.  In stage two, persuasion, the 

potential adopter forms a positive or negative impression of the innovation. Step three is the 

most important step of the innovation decision process. In this step the potential adopter 

(which may be an organisation) decides whether or not he wants to adopt the innovation. 

Implementation occurs when the innovation actually gets used. Confirmation is the process in 

which the adopter evaluates the use of the innovation and decides to continue or extent the 

use of the innovation. However, it is also possible that the evaluation turns out negative, 

which will lead to disregarding the innovation. In the most basic terms, “the innovation 

process is essentially an information-seeking and information-processing activity in which the 

actor is motivated to reduce uncertainty about the advantages and disadvantages of the 

innovation” (Rogers, 1995). 

 

When looking at this research project through Rogers’ theory, we can see this project 

grasping in at the second stage within the innovation decision process of Corus. The prior 

conditions that form the antecedents to the knowledge state are described in the first chapter 

of this report. The mapping of the main drivers and barriers will help Corus reduce 

uncertainty concerning the possible implementation of solar PV systems. This report will also 

help the decision making process in the third stage by developing an adoption strategy. 

Contributions to the fourth stage are made by delivering recommendations for implementing 

the proposed adoption strategy in the organisation. 

 



Theoretical background 

10 

 

Surry (1997) defines two different views on the innovation adoption process, the deterministic 

view and the instrumentalist view. The first view sees the innovation or new technology as 

the driving force behind adoption and diffusion. He argues that if the technology is superior, 

this will naturally lead to the adoption and diffusion of the technology. The second view 

focuses more on the characteristics of the actor to determine the likelihood of innovation 

adoption and diffusion. In this view, the end-user or adopting actor is seen as the primary 

force behind the adoption and diffusion of the innovation.  

 

 
Figure 4: The innovation decision process (Rogers, 1995) 

 

Rogers (1976) argues that innovation adoption can be explained by two types of variables: the 

individual’s characteristics, and the characteristics of the innovation to be adopted.  Rogers 

and Shoemaker (1971) argue that the combination of these characteristics can explain the rate 

and speed of adoption. He uses the following attributes to assess the rate of adoption:  

 

1)Relative advantage, the degree to which the innovation is perceived as being superior to the 

idea or product it replaces. 

2)Compatibility, the degree to which the innovation is seen as consistent with the innovator’s 

existing values, past experience and needs.   

3)Complexity, the extent to which the innovation appears difficult to understand  

4)Triability, the extent to which one can experiment on a limited basis with the innovation. 

5)Observability, the degree to which the results of adoption are visible to others. 

6)Perceived risk, the expected probability of economic or social loss resulting from 

innovation. 

 

For a technology like PV, the most important attribute to adopt this innovation is the relative 

advantage this technology can provide. The reason for this, lays in the nature of the 

innovation. PV systems have to compete with an already widely adopted technology, namely 

electricity from the grid. So the most important reason to adopt a new technology that delivers 

in essence the same ‘benefit’ (electricity), would be if the new innovation is able to deliver a 

relative advantage in comparison to the technology already used. Relative, as mentioned 

before, this depends on the actors’ perceived advantages. So what can be an advantage for one 

actor could be a disadvantage for another. The other remaining five attributes are more or less 

significant for understanding and assessing the adoption decision; there relevance is thought 

to be of less importance for understanding the widespread adoption and diffusion of solar 

power systems within a country (Durham et al., 1988; Beise, 2004). 

 

If the assessment of the relative advantage of PV systems would be considered by only 

looking at the characteristics of the adopter and the innovation, it would deliver an incomplete 

view of reality. Several studies that tried to explain the adoption and diffusion of renewable 
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energy innovations in general, recognised the importance of the contextual factors, like 

governmental policy and electricity prices (Dieperink et al., 2004). Governmental policy 

plays an important role in the adoption and diffusion process of solar PV systems and the 

resulting relative advantage for the (potential) adopter
3
. As PV systems have to compete with 

the power coming from the grid, electricity prices and their development are also important to 

understand the adoption decision. Another study of Faiers and Neame (2005) towards 

consumer attitudes of solar power systems, found that the most important factors to be 

considered are the attributes of the innovation’s technology and external factors. The most 

important external factors being governmental support schemes and electricity prices.  

 

Based on the above findings, a conceptual analysis framework is developed. The specific 

characteristics of the innovation and potential adopter that will be assessed, are determined 

with the help of the integrative framework of Dieperink et al (2004) (see appendix C). This 

integrative framework is developed as an attempt to explain the diffusion of energy-saving 

related innovations. Dieperink based his model on the findings of several studies that 

focussed on the feasibility of renewable energy technologies. He noticed the scattered 

findings of factors that were of relevance for the adoption decision. In the integrative 

framework, he tried to capture all these different factors so that one is able to perform a more 

extensive analysis of the adoption decision at hand. Based on the adoption literature and the 

factors in Dieperink’s integrative framework, a conceptual analysis framework is made that is 

specifically adjusted to determine the relative advantage of PV systems on a national level as 

well as for one specific actor in particular –Corus-. 

3.2 Conceptual Analysis Framework 

This research is build up out of several stages. In the first stage, the innovation’s technology 

is further examined. The characteristics of the innovation are important for determining the 

relative advantage for Corus and therefore should be known. The next step is to diagnose 

what those specific characteristics of the innovation in combination with the contextual 

factors ‘governmental policy’ and ‘electricity prices’ mean for the adoption and diffusion in 

the Netherlands. This analysis is performed without taking into account a specific actor and 

aims to gain insight in how the relative advantage of PV systems is determined in the 

Netherlands. The second stage starts with examining the characteristics of Corus that are 

relevant for the specific adoption decision. Synergizing the insights gained from the internal 

analysis with those of the external analysis will lead to an implementation advice in the form 

of an adoption strategy. 

 

Based on the above-mentioned literature review, a framework for the analysis can be drawn. 

As can be observed in Figure 5, the objective of this framework is twofold. First, determining 

the relative advantage that PV systems have to offer in the Netherlands. Second, taking one 

particular actor -Corus- under consideration and asses the relative advantage based on the 

findings of the internal and external analysis.  

 

                                                      
3
 PV Policy Group: Improving the European and National Support Systems for Photovoltaics. 
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Figure 5: Conceptual Analysis framework to formulate adoption strategy for Corus 
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4. Research Approach 
 

This chapter will expand on the research design and methodology used to be able to address 

the company problem. In this research approach, I deliberately decided not to develop the 

analysis framework on the wishes and expectations of Corus alone. Instead, a more rigorous 

approach is chosen wherein the evaluation factors are based on findings in the literature. 

These factors and processes found in the literature describe the adoption and diffusion process 

without taking a particular adopter under consideration. So based on this analysis framework, 

we get a better and richer analysis, that more accurately identifies the main barriers and 

drivers of PV systems in the Netherlands. This would not have been possible using an 

analysis framework based solely on criteria that Corus applies with regard to the adoption of 

new innovations in general. 

4.1 Research Design 

This research roughly follows a business problem solving approach (van Aken et al, 2006). 

The approach follows the logic of the problem solving cycle. The regulative cycle (Van 

Strien, 1997) gives the basic process steps as can be seen in figure 6. 

 

 
 

Figure 6: The regulative cycle (Van Strien, 1997) 

 

The problem definition, as described in chapter one, drives the whole research. It was based 

on the initial problem statement, which was followed by the preliminary exploration. The 

objective of the preliminary research was to put the initial problem statement in the context of 

the ‘problem mess’, followed by a scoping-down process, which resulted in the final problem 

definition/ research objective.  

 

‘Analysis and diagnosis’ can be seen as the analytical phase of this project. It starts with 

chapter three wherein we take a further look into the theory that describes why individuals or 

organisations adopt a certain innovation. Based on the theory, a research framework was 

developed to guide the external and internal analysis. Thereafter a diagnosis will follow to 

determine what the implications of the findings are for Corus as a potential adopter of PV 

systems. Also more general insights gained that do not directly apply to a specific actor will 

be put forward. 
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After the analysis phase of the project has been completed, the design phase starts or the so-

called ‘Plan of Action’ step in the regulative cycle. In this step the solution to the main 

problem will be designed. Because the aim is to develop an adoption strategy, solution 

concepts developed by business research (SWOT) will be used to design this strategy.  

 

The intervention step of the regulative cycle lies outside the scope of this project. In the 

intervention step, management decisions should be made on the course of action to be taken. 

If the management team decides that solar PV systems should be integrated on the Corus site, 

actions are needed to get things started. In chapter 8 recommendations and guidelines are 

given for a conceivable strategy implementation. 

 

Evaluation, the ‘last’ step in the regulative cycle, is about using monitoring tools and other 

information collected to make judgements about whether the intervention steps have turned 

out well. The information gathered, often leads to a new problem mess that needs to be 

resolved, this explains why the regulative cycle is formed in a closed loop. The environment 

wherein intervention steps have been taken changes over time. An unpredictable changing 

environment asks for an approach with continuous monitoring to be able to intervene or 

adjust accordingly (Miller and Friesen, 1982). Nonetheless, this step also lies outside the 

scope of this paper, simply because this project is finished before any possible interventions 

are undertaken. 

4.2 Methodology 

For the theoretical aim (gaining insight in drivers and barriers) a literature study is performed 

to develop a conceptual framework to help identify and gain insight into the factors that drive 

or could form a barrier to the adoption and diffusion of PV systems in the Netherlands.  

 

To be able to address the practical business aim (developing an adoption strategy), a case 

study approach is chosen to follow. According to Yin (2003) it allows researchers to study 

examples in a practical context so that one is able to translate them to more general 

statements. Case study research is most appropriate for ‘how’ and ‘why’ questions (Yin, 

1994). Another unique strength of a case study is that it deals with a full variety of evidence. 

The only real limitation of a case study is the degree to how far one can generalize these 

findings. 

 

This research project uses multiple data sources for data collection. The analysis is divided in 

an external focussed view (phase 1) and an internal focussed view (phase 2) inside the 

company. To assess the external analysis, websites, governmental documents, professional 

magazines, expert interviews and reports, are used to gain insight in how the factors identified 

in the conceptual framework apply to the adoption decision in the Netherlands. For the 

internal analysis, interviews with key persons, public and non-public internal documents of 

Corus are used to assess the specific characteristics of Corus itself. All these sources were 

used to gain more insight in Corus’ specific situation and how solar PV could fit into it. These 

sources also provided insight into the barriers and limitations that could confront the 

implementation of PV systems at the Corus site. 

 

The interviews taken in both analysis phases followed the structure of open-ended semi-

structured interviews. Specific topics were introduced, but no specific questionnaires were 

made up in advance. The topics introduced are based on the conceptual analysis framework 

and relate to the specific specialism of the interviewee. An overview of the persons 

interviewed (and their position) is captured in appendix D of this report.  

 

Based on the innovation’s characteristics and the contextual factors that surround the adoption 

and diffusion process within the Netherlands, insight is gained in the main factors that drive 

or could limit the adoption and diffusion process. The next step is to look at the specific 
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characteristics of Corus and synergize these findings to develop an adoption strategy that 

incorporates the drivers and barriers found both on a national and actor level. 

 

 

 

 
Figure 7: Overview thesis structure
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5. Characteristics of the innovation, an introduction to 
photovoltaic power systems 

 

The search to find sufficient, reliable and sustainable supplies of clean energy is one of 

society’s most difficult challenges. Solar energy is by far the largest of all energy sources: in 

just one hour the same energy from sunlight strikes the earth that is consumed world-wide in 

1 year; and in 36 hours it is as much as exists in the earth’s estimated oil reserves (Islam and 

Huda, 1999). 

 

Solar power stands for different kinds of technologies to convert solar irradiation into useable 

energy. A distinction can be made between direct and indirect solar energy. Examples of 

indirect solar energy are: wind-energy, hydropower and bio-mass. With direct solar energy, 

solar light is directly transformed into usable energy; heat or electricity. We can distinguish 

three types of direct solar energy: passive-, thermal- and photovoltaic- solar energy
4
.  Passive 

solar energy can be seen in buildings that are built in such a way that they make optimal use 

of the incoming solar rays for heating and lighting. Thermal systems are used to transform the 

solar light into heat, for example solar boilers and collectors. Photovoltaic (PV) systems are 

used to directly convert the solar rays into electricity. As described in the introduction, the 

focus in this research lies on PV systems. In this chapter we will look at the history of PV and 

to how far the developments have come so far. We will look at how the technology has 

evolved, a deeper look into how the technology works and what types of PV technologies 

exist. Besides a view on the technology, it is also assessed what the financial and 

environmental implications are.  

5.1 The history of PV 

Edmund Becquerel discovered the photovoltaic effect in 1839, when he observed that a 

voltage and a current were produced when a silver chloride electrode immersed in an 

electrolytic solution and connected to a counter metal electrode was illuminated with white 

light (Becquerel, 1839). Albert Einstein described the nature of light and the photoelectric 

effect on which photovoltaic technology is based, for which he later won a Nobel prize in 

physics. However, the birth of the modern era of PV solar cells occurred in 1954, when D. 

Chapin, C. Fuller, and G. Pearson at Bell Labs demonstrated solar cells based on p-n 

junctions in single crystal silicon with efficiencies of 5–6%. In the 1960s, the space industry 

began to make the first serious use of the technology to provide power aboard spacecrafts. 

Through the space program, the technology advanced, its reliability was established and the 

cost began to decline
5
. During the energy crisis in the 1970s, photovoltaic technology gained 

recognition as a source of power for non-space applications.  

 

In 1976, the U.S. Department of Energy (DOE), along with its Photovoltaics Program, was 

created. DOE, as well as many other international organizations, began funding PV R&D at 

appreciable levels, and a terrestrial solar cell industry quickly evolved.  

Total global PV (or solar) cell production increased from less than 10 MWp/year in 1980 to an 

estimate of 4022 MWp/year in 2007 (Jäger-Waldau, 2008); the current total global PV 

installed capacity is estimated to be about 9 GWp (see appendix F). 

  

                                                      
4
 http://www.ecn.nl/solar 

5
 http://science.nasa.gov/headlines/y2002/solarcells.htm 
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5.2 The semiconductor 

The photovoltaic effect is the direct conversion of light into electricity at the atomic level. 

Some materials exhibit a property known as the photoelectric effect that causes them to 

absorb photons of light and release electrons. When these free electrons are captured, a load 

can be connected that needs to be powered. 

 

 
Figure 8: Basic principle of a solar cell (source: presentation Schoonman, 2009) 

 

In Figure 8 the basic process is graphically represented. Many different variations on this 

basic design exist depending on the specific technology used. Still, all PV cells work 

according the same basic principle. When photons coming from the sun hit the solar cell, the 

photon’s energy is transferred to an electron of an atom in the n-type layer. That energy 

allows the electron to escape the atom, leaving behind a hole. The (negative) electrons than 

move to the front contact grid while the (positive) holes move to the p-type layer. When an 

external conductive path is created by connecting a load between the front and back contacts, 

electrons will move through the path delivering their energy on the load and recombine at the 

back contact with the holes that moved to the p-type layer. This process keeps repeating itself 

as long photons coming from the sun keep hitting the surface of the solar cell. 

 

The percentage of absorbed light that can be converted to power when a solar cell or module 

is connected to an electrical circuit is the solar cell’s efficiency (η, "eta"). The efficiency can 

be calculated with the use of equation 1. 

 

Equation 1: η = �
� × � 

 

Ƞ = Efficiency 

P = Power output (W) 

E = Irradiance (W/m
2
) 

A = Surface area of solar cell (m
2
) 

 

Single solar cell output power depends on multiple factors, such as the sun’s incidence angle 

and cell temperature. For comparison purposes between different cells and panels, the 

performance of PV modules is characterized by their nominal power at standard testing 

conditions (STC). Nominal power is expressed with the unit Watt-peak (Wp). STC specifies a 

temperature of 25  ̊Celsius and an irradiance of 1000 W/m
2
 with an air mass 1.5 (AM 1.5) 

spectrum. This corresponds to the irradiance and spectrum of sunlight incident on a clear day 

upon a sun-facing 37 ̊ -tilted module with the sun at an angle of 41,81 ̊ above the horizon
6
. A 

                                                      
6
 National Renewable Energy Laboratory: http://rredc.nrel.gov/solar/spectra/am1.5/  
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common mistake in the popular press and governmental documents is to express the installed 

capacity of a PV system in terms of kW or MW. Using this denotation postulates that the PV 

system is able to deliver this power continuously. As we have seen, the power that a PV 

system can generate is completely dependent on the specific conditions it is operating in. 

Therefore, the power capacity of a PV system should always be expressed in terms of Wp, 

kWp or MWp depending on the size of the system. 

5.3 Types of solar PV technologies 

Different types of technology exist for producing solar cells, each with their respective 

benefits and drawbacks. These technologies are all continuously under development in 

governmental and company laboratories. An overview of the available technologies and the 

achieved cell efficiencies from approximately 1975 till 2008 is contained in appendix G. In 

this graph we see that the highest efficiency obtained in laboratory is 40,7% . Scientific 

breakthroughs follow each other up in a high pace, making even this graph obsolete. The 

Fraunhofer Institute now sets the newest efficiency record for Solar Energy Systems (ISE) in 

Germany. They reached an efficiency of 41,1 % by highly concentrating solar light onto a 5 

mm
2
 multi-junction solar cell. Multi-junction stands for the fact that the solar cell is build out 

of several layers, wherein each layer is especially build to convert a certain part of the solar 

spectrum. Efficiencies of over 30% can only be obtained by these multi-junction solar cells. 

The downside of this specific technology is that the large-scale application is not 

economically feasible. These types of cells are used in applications where cost is not the most 

important factor, for example in space applications or expensive solar propelled cars. The 

efficiencies of solar modules widely available on the market are much lower. For an overview 

of the market segmentation of the main PV technologies readily available, see appendix H.  

 

 
Table 1: Module and cell efficiencies commercially available (Source: EPIA 2008) 

 

From table 1, it is clear that mono- and multicrystalline modules have the highest efficiency 

on the market. While on the other hand, thin film technologies are reaching efficiency levels 

as low as 5% to an respectable 11%. The overall lower efficiency is made up by a lower 

price- capacity ratio, made possible by a less complicated production process and lower 

material usage. If we compare the PV efficiencies currently available on the market with the 

best research-cell efficiencies (appendix G), we can conclude that there is a large discrepancy 

between those two. For example, monocrystalline cells nowadays available on the market, 

reach an efficiency already achieved 23 years ago in research laboratories. This ‘time-gap’ 

can also be seen with the other technologies. The ‘time-gap’ can be partially explained by the 

fact that research efficiencies achieved are obtained at a very small scale, only to prove the 

technical feasibility. Besides being small scale, achieving these efficiencies in laboratory is 

very time and capital intensive. Many obstacles need to be tackled before these technological 

breakthroughs can be translated to a mass production process against a market competitive 

price. Further growth of the PV market is therefore not solely dependent on reaching higher 

efficiencies, but more on the ability of the industry to keep decreasing its PV prices in the 

years to come. 
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The higher the efficiency of the PV technology used, the lower the area that is needed to 

reach a certain capacity. This means less space is required to install a capacity of 1 kWp with 

crystalline PV modules than thin film PV modules do. Solely looking at the efficiency would 

make thin film technology completely obsolete but multiple criteria should be considered. 

These thin film technologies can be produced at lower cost, resulting in a lower price per kWp 

ratio. The particular PV application and adopter characteristics will ultimately determine what 

technology will be used.  

5.4 PV systems 

A single PV cell normally produces about one and a half volt, which is inadequate for 

practical purposes. Therefore, cells are connected together in series to increase the total 

voltage. Several of these series of cells may be connected together in parallel to increase the 

current as well. These interconnected cells and their electrical connections are then 

sandwiched between a top layer of glass or clear plastic and a lower level of plastic and metal 

to create a “module” or “panel”. Modules are the basic building blocks of PV systems. But a 

PV system does not solely exist out of PV modules or panels alone. Other parts like inverters, 

cables, connection material etc. are needed to get the whole system operational. 

 

 
Figure 9: Graphical representation of a standard on-grid PV system 

 

In Figure 9 a graphical representation of a standard PV system is portrayed. The modules (1) 

are placed on a roof, but can also be placed on the ground or on a facade. Normally a PV 

system exists of more than one module to form an array of PV modules. Under influence of 

sunlight, these arrays of modules generate a direct current (DC) that is transported to an 

inverter (2). Appliances in house do not function on DC but on an alternating current (AC). 

Therefore, the DC generated by the panels has to be inverted to AC, which then can be fed 

into the local electricity grid. Besides inverting the current for local consumption, it enables 

the transport of surplus electricity into the public electricity grid. A meter (4) counts how 

much energy exactly is transported to the public grid and how much energy is consumed from 

the public grid. Enabling the transportation of excess electricity to the public grid and 

receiving electricity when the PV system is not able to generate (enough) for own 

consumption. In case of an off-grid PV system, there is no connection to the public grid. 

Energy has to be stored in batteries when solar irradiation is abundant. Nonetheless, due to a 

limited capacity of the batteries and charging losses, off-grid systems offer far lower 

versatility than an on-grid system can deliver.  

5.5 Power generation 

The amount of solar radiation at a site at any time either is expressed as solar intensity 

(W/m
2
), solar insolation or radiation in MJ or Wh. This information is primarily required to 

provide an answer to the amount of power that can be produced with a PV system. The 
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amount of electrical energy produced by a PV system depends primarily on the insolation at a 

given location and time. The average power a PV system can generate in a year is dependent 

on the average solar insolation that hits the PV modules in a year. In general, solar insolation 

increases, as one gets closer to the equator. Another important factor for determining the 

electrical potential of a PV system is the inclination and orientation of the solar modules. In 

order to maximize the utilisation of the sun’s energy year-round, PV systems should be 

mounted with a certain inclination and orientation to the sun. The optimal inclination and 

orientation of the modules are dependent on their respective geographical location. The 

efficiency of the photovoltaic process is at its highest if the solar-rays hit the modules 

perpendicular. Therefore, PV modules should be oriented to the south in Western Europe. In 

appendix I, the optimal inclination for solar modules facing south within Europe is captured. 

 

With the use of equation 1, it is possible to calculate how much electricity can be generated. 

Surface area of the modules and efficiency should be known. The outcome of this calculation 

will have to be multiplied with a performance ratio often between 60%-90%, depending on 

the quality of inverter and cables (Nyman, 1998). The performance ratio expresses the 

internal losses that occur in the PV system (like in the inverter and electrical cables). In 

appendix J an average performance ratio of 75% is taken to calculate the expected annual 

output of a 1 kWp PV system located in Europe (assuming optimal inclination and 

orientation).  

5.6 Aesthetic potential 

A special type of PV system application is the building integrated PV system (BIPV). Such 

systems can be installed on any surface of a building, allowing the possibility to combine 

energy production with other functions of the building envelope. Examples like roof and 

facade integration or as sun blinds (see appendix K for some real life examples). It is 

important to make the distinction between normal PV systems that are attached to a building 

after it has been constructed (also known as retrofit systems) and BIPV systems which are 

actually constructed into a building. BIPV are incorporated into the design of the early 

planning stages. The architect will have to work with experts on PV systems to create a 

design which will be aesthetically pleasing and effective as well. In general, BIPV systems 

cannot be applied to existing buildings; thorough renovations could be an exception on that. 

5.7 Costs of a PV system 

The costs of a PV system are not solely based on the costs of the PV modules alone. The total 

costs of a PV system are made up out of several components: 

 

• PV modules  

• The costs for the DC/AC inverter(s) 

• Installation costs  

• Other costs (like frames, wires and transportation) 

 

The modules make up the greatest part of the PV system cost. These are the most expensive 

part of the whole system. Therefore, technological developments and cost savings in PV cell 

technology will have a drastic impact on the total system price. For now, thin film 

technologies are more cost competitive per kWp installed capacity than crystalline 

technology. This does not imply that customers will prefer one of these technologies above 

the other. Hence, if one wants to reach the highest capacity possible within a limited space, 

crystalline PV panels would be the best option. On the other hand, if one wants to reach the 

lowest price per kWp installed capacity and space is not a limiting factor, thin film technology 

is currently the way to go. 
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It rather remains difficult to give a precise percentage of the portion that PV modules will 

take up in the total sum. It is heavily dependent on the type of technology used, type of 

building, quality of inverters etc. Dr Winfried Hoffmann working at RWE Schot Solar
7
, made 

a model based on PV system averages (see Figure 10). Hoffmann made a distinction between 

Balance Of System (BOS) costs and installation costs. In this report we will continue without 

making this distinction. So in general, BOS costs are all components other than the PV panels 

itself required to get the system operational.  

 

 

 
 

Figure 10: Cost share in a PV system (source: Hoffman, 2005) 

 

In case of BIPV it becomes even more difficult to estimate the price tag of such systems. 

BIPV substitutes conventional materials in the structure of the building, so that the costs of 

these particular materials are saved. However the BIPV system will cost significantly more 

than the conventional materials normally used. The most important factors that drive BIPV 

system cost upwards in comparison to normal conventional PV systems are: 

 

• The architect has to deliver more effort to design a building aesthetically pleasing 

which incorporates the BIPV system effectively. 

• Depending on the design of the building, custom made BIPV parts have to be made. 

These prices are apparently higher than standard mass-produced PV parts. 

• In the design of the building, it is not always possible to place the BIPV parts in the 

optimal orientation and inclination as discussed before. This decreases annual power 

output;  raising the payback time which makes BIPV systems even more expensive 

 

Although BIPV systems will cost more than conventional PV systems, the application of 

BIPV will result in a more aesthetically pleasing final design of the building. Adopters of 

such systems should be willing to pay the extra price premium to reach this aesthetically 

pleasing result.  

5.7.1 Market price development of PV systems 

We have seen that the costs of a PV system are not only made up by the solar modules alone, 

but also by all the other costs involved to get the system operational (BOS). However the 

modules still make up the largest part of the system price, so their current price is of 

importance for assessing the adoption decision.  

                                                      
7
 http://www.schott.com 
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Solar Buzz is an international solar energy research and consulting company, who tracks the 

international price developments of all types of solar modules from several companies around 

the world. In figure 11 we see the average price development of solar modules with a capacity 

higher than 125 Wp from December 2001 till February 2009. The costs are expressed in €/Wp, 

which can be seen as the international standard for expressing the cost-performance ratio of a 

PV module or system. Expressing the cost in €/Wp makes it possible to compare PV modules 

or systems of different sizes, technologies and shapes with each other. Interesting to see, 

prices were coming down quite fast until around 2004 from where on prices started to rise 

again. According to the experience curve (Neij, 1997), cost should decline with a constant 

percentage with each doubling of the capacity of PV modules produced (see appendix l). 

Following this theory, the cost curve below should be continuously decreasing over time. In 

contradiction, figure 11 indicates that PV prices have temporarily increased and are currently 

on the same level as 5 years ago. 

 

 
Figure 11: Solar module retail price index > 125 Wp (Source: Solarbuzz - all prices 

excluding VAT) 

 

Limited supply of silicon (which is the basic component for most of the PV cell production) is 

seen as the main cause of the price stagnation (Sark et al., 2007). Silicon has long been 

extracted from the semiconductor industry where it was a by-product of silicon chip 

production. Nevertheless, the silicon shortage seems to be resolved seeing that the average 

module prices have slowly started to decline again; the increasing demand for pure silicon has 

obviously led to the construction of silicon factories to meet demand. appendix M shows that 

prices topped out around the end of 2006, thereafter prices slowly started to decrease to a 

current level of 4,62€/Wp. This is an average, the lowest price for a crystalline module per Wp 

was found to be €3,02. Note that the aforementioned average prices reflect PV modules with a 

capacity higher than 125 Wp. These panels represent crystalline PV modules and were chosen 

to be indexed because they make up the largest part of the PV market (see appendix H). Still, 

it remains interesting to see that thin film modules can currently be purchased against a price 

as low as 2,78€/Wp
8
 on the market. This comes down to 60% of the average market price for 

crystalline PV modules. Clearly, the lower the price per Wp, the lower the total system price 

will turn out to be. 

 

                                                      
8
 http://www.solarbuzz.com/index.asp 
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Although PV module prices are a key factor in the price of a PV system, the BOS costs still 

remain a significant cost part of the installation. The price that is important for the investment 

or adoption decision is the turn-key system price. ‘Turn-key system price’ refers to the 

summation of the module and BOS costs. On average, it is assumed that 70% of the turn-key 

price is made up by modules and 30% by the BOS. This assumption is necessary since BOS 

costs are adopter specific and therefore can vary widely. For example, difficult to reach 

surfaces to install the modules can significantly increase the BOS costs. Also PV systems 

consisting of thin film modules tend to have higher BOS costs than PV systems build up out 

of crystalline modules. The reason for this can be found in the lower efficiency of thin film 

modules, which translates itself in a wider installation surface required for the same capacity 

as what crystalline modules would require. Larger surfaces mean higher installation costs 

caused by: longer installation time, more connection material, more frames and cables, etc.. 

 

We see that quantifying the exact costs of a PV system is problematic because of many 

variables that influence the final price. Based on the findings above and the different variables 

that influence the turn-key system price, several turn-key system prices are calculated under 

different BOS costs assumptions (see Table 2). 

 
PV modules €/Wp 20% BOS  30% BOS 40% BOS 

Crystalline  avg.(€4,62) €5775 €6600 €7700 

Crystalline  low.(€3,02)  €3775 €4314 €5033 

Thin film    low.(€2,78) €3475 €3971 €4633 

 

Table 2: Cost of a 1 kWp system under different BOS assumptions- ex. VAT (based on prices 

taken on 6 Feb. 09 from sollarbuz.com) 

5.8 Reliability, Maintenance and Risk 

PV systems are amongst the most durable and reliable renewable-energy technologies in use 

today. PV modules have no moving parts, degrade very slowly, and offer a lifespan that is 

expected to be measured in decades. Standard factory warranties are usually between 20-25 

years. The manufacturer’s confidence in the life-time of the PV modules is based on early 

findings showing a fairly steady rate of degradation between 0,25%-0,5% per year (Bishop 

and Ossenbrink, 1995, Quintana et all., 2002). These findings were based on c-SI based PV 

systems. Thin film or a-Si based PV systems have been to short on the market to make any 

long term estimations. However, initial degradation rates have shown to be in the same order 

as c-SI modules. Assuming degradation rate would keep steady for the next 30 years, this 

would eventually result in a decreased efficiency of around 7,8%-16% (of initial operating 

performance).  

 

The modules are virtually maintenance free, however depending on local conditions washing 

them off with water guarantees that the panels keep operating at their optimal efficiency. 

There is no basic rule for the maintenance interval. Depending on air contamination, the 

presence of bird (droppings) and rainfall will ultimately determine the interval for cleaning 

the modules. In case of high air contamination and minimal rainfall, dust disposition could 

become a serious risk for the efficiency of the solar modules. This could result in higher 

maintenance intervals with accompanying higher operation costs.  

 

Another risk in the PV system is the inverter that converts the DC current to an AC current. 

Inverters are normally accompanied with a guarantee of 5-10 years. This is significantly 

lower than the expected life-time of the PV modules. There is not enough experience on the 

market to say how long these inverters are expected to operate without malfunctioning. 

Therefore, one must incorporate the financial risk of having to exchange the inverter(s) after 

the warranty period. 
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A last point of concern is the potential risk of theft. Solar PV systems are build up out of high 

cost solar modules.  Just like with any other high capital good, PV systems are  prone to theft. 

Placing solar modules on roofs decreases the risk simply because these are often inaccessible 

to outsiders. Making use of special anti-theft frames can also lower the potential risk.  

5.9 Ecological impact 

Producing electricity with PV systems emits no pollution, produces no greenhouse gases, and 

uses no finite fossil-fuel resources. Still, the question remains if PV systems generate more 

energy than is used to create them in the first place and if so to what extent?  Energy payback 

time (EPBT) is one metric adopted by several analysts in characterizing the energy 

sustainability of a PV system. It is defined as the time necessary for a photovoltaic panel or 

system to generate the energy equivalent to that used to produce it.  

 

Equation 2: EPBT (years) = ��
�	


 

 

EPBT (years) = Energy Payback Time expressed in years 

En = Energy needed to produce and install PV system 

EPV = Energy produced by the PV system in one year 

 

Calculating the exact EBPT for a PV system is rather difficult because of the many variables 

that determine how much energy is required to produce and install the PV system. With main 

variables like: cell technology, type of encapsulation, the module frame, the supporting 

structure, inverter, system efficiency, climate, site, inclination of PV modules and 

transportation (Bernal and Dufo. 2006), calculating an average EPBT is difficult. The energy 

produced by a PV system on an annual basis can be calculated with the use of equation 1. 

Because of variation in annual irradiation and possible degeneration of PV cells it even 

becomes more difficult to determine the exact EPBT. Despite all these variations, several 

researchers have tried to estimate the EPBT of current and future solar PV systems.  

 

To estimate the payback time of a PV system it is important to distinguish between crystalline 

and thin film modules. Thin film solar modules use a fraction of silicon compared to what 

crystalline solar modules do. Producing the silicon is the most energy intensive part of the 

solar-cell manufacturing process (Palz and Zibetta, 1991). Therefore the EPBT between 

crystalline and thin film solar cells differ significantly. 

 

Alsema (1998) estimated that current multicrystalline-silicon PV systems have an EPBT of 

around 4 years assuming 1700 kWh/m
2
 radiation per year. He argues that future technological 

developments could drop the EPBT of such systems down to 2 years. Thin-film PV modules 

on the other hand use very little silicon. The major costs for manufacturing are the substrate 

on which the thin films are deposited, the film-deposition process and facility operation. 

Because thin-film PV technologies all have similar energy requirements, amorphous silicon is 

used as a representative technology for thin-films. Alsema (1998) estimated that with a 

radiation of 1700 kWh/m
2
 per year, energy payback time would be around 3 years. Kato et al. 

(1997), Palz and Zibetta (1991) calculated shorter paybacks for amorphous silicon, ranging 

from 1 to 2 years.  Expectations are that thin-film technology will reach an EPBT shorter than 

1 year in the near future. In most parts of Europe, radiation is lower than 1700 kWh/m
2
 

resulting in higher EPBT then according to the previous findings. Also greater deviation of 

the solar panels from the optimal inclination and orientation will result in higher EPBT’s than 

projected in figure 12. 
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Figure 12: Estimated EPBT for PV systems assuming 1700 kWh/m

2
 radiation per year and 

optimal inclination and orientation (source: www.nrel/gov/ncpv) 

 

The most important environmental impact PV systems have is the substitution of ‘grey’ 

electricity. Each kWh generated and consumed with a PV system prevents the use of a ‘grey’ 

kWh generated with fossil fuels. The reduced use of grey electricity decreases the emission of 

carbon dioxide gases. The exact amount will depend on the energy generation mix of the 

utility supplier used by the adopter. For example, coal fired electricity plants produce 

substantially more carbon dioxides per kWh generated than gas fired plants do. 

 

One final point of concern is the disposal of solar modules at the end of their lifetime. 

Recycling is of importance to retrieve rare and sometimes environmentally hazardous 

materials like indium, cadmium, tellurium etc. Until now there are no take back and recycling 

programmes for end-of-life-modules. The main cause for this is that the first significant 

installations were placed in the early 1990s. So full scale end-of-life recycling is still 10-15 

years away accounting for a technical lifetime of +30 years. In addition, solar modules 

contain valuable substances like glass and silicon that could be used as valuable raw materials 

for the production of new PV modules. To be able to capture these future waste streams of PV 

modules, the PV industry is now already taking steps for the responsible capture and 

recycling process. Through ‘PV Cycle
9
’, the photovoltaic industry wants to install an overall 

waste management and recycling policy that achieves the highest economically feasible and 

environmentally responsible collection and recycling of PV modules. In appendix N, a 

proposed PV Cycle Network is presented, which gives an overview of the recycling process 

PV Cycle envisions to use in the near future. 

                                                      
9
 http://www.pvcycle.org 
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6. Adoption and diffusion within the Netherlands; the 
relative (dis)advantage 

 
In chapter 3 it was theorized that the main attribute for understanding the adoption and 

diffusion of solar PV systems, is the relative advantage they have to offer towards the 

potential adopter. This relative advantage is dependent on several parameters, as this chapter 

will further clarify. Besides electricity prices from the grid, governmental policy through tax 

regulation and support schemes, all have a high impact on the relative advantage of solar PV 

systems in the Netherlands. This chapter investigates how all these factors influence the 

relative advantage. The analysis is performed without focussing on one particular actor; the 

aim is to understand how the contextual factors drive or limit the adoption and diffusion 

process of PV systems on a national level. We start with assessing how far the adoption and 

diffusion process has taken place in the Netherlands. Continuing with assessing what and how 

(financial) parameters influence the relative advantage and will conclude with an outlook on 

how the limiting and driving forces identified will influence the further dissemination of this 

technology within the Netherlands. 

6.1 Diffusion of PV systems so far 

 

 

 
Figure 13: Cumulative installed capacity in the European Union (source: Jäger-Waldau, 

2008) 
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Figure 13 shows the growth of installed PV capacity within the European Union with actual 

figures from 2001 till 2007. Figures of after 2007 and before 2001 were not available and 

were therefore estimated based on expected growth rates. Looking on these figures, we see 

that the installed PV capacity has almost grown with 40% per year and taking into account the 

growing production capacity, will keep on developing at this high pace for years to come. 

 

Solar energy is one of the renewable energy sources in the Netherlands besides wind-energy, 

hydro-energy and biomass, that all contribute to the renewable energy mix. In 2007, a small 

3% of the energy requirement in the Netherlands originated from renewable energy sources. 

Solar energy only contributed a mediocre 1% of the total renewable energy production 

(Duurzame energie in Nederland, 2007). The installed capacity of solar PV systems has 

barely risen in the year 2007. Since the EPR (Energie Premie Regeling) support scheme was 

discontinued in 2003, the yearly installed capacity drastically dropped to a yearly average of 

1,53MWp. The rapid PV growth seen on a European level is obviously not taking place in the 

Netherlands. 

 

Figure 14 confirms that governmental policy and the accompanying effect on the economics 

of PV system are a major factor for understanding the widespread adoption and diffusion of 

PV systems. The majority of potential adopters are simply not willing or able to pay the price 

premium that PV systems require without the help of governmental incentives.  

 

 
Figure 14: Cumulative installed PV capacity in the Netherlands (source: CBS-Duurzaam 

energie in Nederland, 2007) 

 

To understand why the adoption of PV systems is taking place at such a low pace without 

governmental incentives, we will have to look at the costs of PV systems. Before costs of a 

PV system can be calculated, an estimation of the electricity that can be generated by a PV 

system in the Netherlands is required. 

6.2 Irradiation in the Netherlands 

It is generally known that the sun does not shine evenly throughout the whole year (see 

appendix O). Meaning that during the winter months, electricity production will be 

significantly lower than during the summer months. However, this is not an issue because the 

PV systems of concern are on-grid PV systems. For determining the relative advantage, only 

the annual produced electricity by the PV system is of relevance.  

 

In appendix J we saw that the highest irradiation within Europe is achieved in the southern of 

Spain, receiving an almost 1.5 times higher concentration of solar light than the Netherlands. 
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Although the Netherlands is a relatively small country, we can still divide it in different 

irradiation segments. The closer you get to the costal line, the higher the average annual 

irradiation becomes. Irradiation ranges from 980 kWh/m
2
 inland, to 1070 kWh/m

2
 near the 

northern coastline. Figure 15 is based on yearly averages, actual figures can deviate 

somewhat. In the period of 1958 till 1988, average annual irradiation in ‘De Bilt’ was 978 

kWh/m
2
, with a minimum of 879 kWh/m

2
 (-8,3%) and a maximum of 1106 kWh/m

2 
(+13%). 

(Velds, 1992). Experience
10

 has shown that a 1 kWp PV system with an optimal orientation 

and inclination to the sun
 
produces on average 850 kWh (assuming 1000 kWh/m

2
). If we 

extrapolate these findings, then annual electricity production could reach up to 910 kWh 

around the north-western coastline.  

 

 
Figure 15: Yearly average solar irradiation in kWh/m

2
 in the Netherlands (source: KNMI) 

 

It should be noticed that all the figures above are based on an optimal orientation to the south 

and a module inclination of circa 36 degrees. In practice, it is not always possible to attain this 

optimal set-up. For example when the actor has rooftops facing north and/or having a 

different inclination than 36 degrees. Christensen and Barker (2001) calculated how large the 

decrease in electricity production would be if one would deviate from the optimal set-up (see 

appendix P). CEA BV, a Dutch consultancy bureau specialized in topics related to 

sustainability, made a graphical representation of the adjusted efficiencies when the modules 

cannot be set-up in an optimal way.  

 

Based on figure 16 and on the graph in appendix P we can conclude that small deviations 

from the optimal set-up won’t have a drastic impact on the module efficiency. Still. facade 

installations (even with an optimal orientation to the south) reduce the efficiency significantly 

with more than 25%. Installations facing north should be prevented at all cost because they 

bring down system efficiency to less than 50%.  

                                                      
10

 http://www.ecn.nl/solar 
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Figure 16: Adjusted efficiency in relation to optimal orientation and inclination (source: 

adapted from CEA B.V.) 

 

6.3 Costs of PV systems in the Netherlands 

The prices in table 2 in the previous chapter, do not account for price reductions that can be 

realized due to economies of scale with larger systems. In a paper written by ECN and KEMA 

to advice the Dutch government about the SDE support scheme (SDE will be explained later 

on), they came up with the following turn-key system prices for two different size categories 

(Tilburg et al., 2008): 

 

• Small sized systems   0,6- 5 kWp  €4066/kWp 

• Large sized systems  5-100 kWp   €3800/kWp 

 

This figure for small sized systems is based on 2300€ for the PV modules and 1766€ BOS 

costs. It is assumed that due to economies of scale BOS costs will turn out lower for systems 

larger than 5 kWp, making up 40% of the turn-key system price. Remarkably, these figures 

are significantly lower than the prices found in  

Table 2. However, ECN made these estimations based on expected price developments during 

2009 and 2010. Another important point to note is that table 2 is based on single module 

prices and was taken at the beginning of 2009.  

 

To verify the aforementioned prices, one of the largest suppliers and installers of PV solar 

systems in the Netherlands (Solar NRG
11

), was taken under consideration. It must be noted 

that the turn-key system prices are also estimates because BOS costs can turn out lower or 

even higher, depending on the specific situation of the adopter. 

 
Type of PV Price/ kWp small size (€) Price/ kWp large size (€) 

a-Si 3210 3050 

c-Si (low) 3765 3559 

c-Si (avg) 3840 3500 

 

Table 3: Turn-key system prices Solar NRG ex. VAT (Taken on 1-3-2009) 

  

                                                      
11

 http://www.solarnrg.nl 
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Table 3 confirms that turn-key prices depicted by ECN are indeed realistic and that it is even 

possible to purchase PV systems against lower prices per kWp, than ECN expected. Large size 

system prices are based on systems with a capacity of 10 kWp. It would be realistic to assume 

that large thin film based systems ( >100 kWp) could reach a price point of 2500€/ kWp, due to 

further economies of scale. 

 

Knowing current turn-key system prices and how much electricity they are able to generate, it 

is still not possible to assess the relative advantage of PV systems. To determine this relative 

advantage, grid electricity prices and governmental policy need to be further assessed. We 

start with analysing the relative advantage without incorporating governmental support 

schemes. This will give us insight in why widespread adoption and diffusion cannot take 

place without governmental incentives. 

6.3.1 Grid electricity prices 

To be able to assess the (un-) profitability of a PV system, the cash flow for each year has to 

be calculated. This cash flow (partly) depends on the electricity tariff the actor has to pay for 

the energy bought from the utility company. In other words, the value of the electricity 

produced by the PV system is dependent on the value of electricity the actor consumes from 

the utility company. To determine this value, one must find out what the marginal costs are 

for one unit of electricity. Fixed costs for the electricity connection are therefore irrelevant for 

determining the economics of a PV system. Another reason fixed costs should not be 

accounted for; on-grid PV systems demand an connection to the grid and will never be able to 

replace it either. In the Netherlands electricity tariff is build up out of the following 

components: 

 

• Transportation and distribution costs 

• The costs of the commodity (the electricity itself) 

• Energy taxes 

• Value added tax (VAT only applies to private individuals) 

 

Transportation and distribution tariffs are determined by the net owner and can vary widely 

for non-private individuals. Before 1 January 2009, transportation costs were a variable 

component for private individuals. However, due to the obliged separation of net owner and 

utility company, transportation costs are fixed for all actors who have a connection of, or 

lower than 3 x 80 ampere. For actors who have an electricity connection greater than 3 x 80 

ampere, transportation and distribution costs will depend on the contract closed between net 

owner and actor. 

 

The cost of the commodity depends on the tariffs of the energy supplier of the (potential) 

adopter. Since 1 July 2004 private individuals are able to choose their own energy supplier
12

. 

Electricity tariffs have proven to differ significantly between utility companies. On several 

internet sites it is possible to compare the electricity prices of different electricity suppliers. 

With the help of an online website
13

 that enables the comparison of all Dutch electricity 

suppliers, it is possible to compare their respective tariffs. One-time only rebate offers were 

not taken into consideration. The average tariff is based on the prices of the three largest 

energy suppliers in the Netherlands (Essent, Nuon and Eneco).  

 

  

                                                      
12

 www.energieleveranciers.nl 
13

 www.energievergelijker.nl 
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Type of tariff / cost per kWh in € Low  Average  High 

Single tariff 0,0640 0,0897 0,1081 

 

Table 4: commodity prices for electricity - ex. VAT (taken on 2-2-2009) 

 

The above findings officially apply only to small electricity consumers. There is no public 

information available about tariffs for larger electricity consumers. Energy suppliers draw up 

individual contracts for actors that consume more than 10.000 kWh/year, taking into account 

the specific energy needs of the respective electricity consumer. Still, it is reasonable to 

assume that commodity prices would be in the same range for other than small consumers.  

 

To motivate electricity consumers to use electricity as efficiently and effectively as possible, 

the government charges energy tax. The energy tax can be seen as a regressive tax, meaning 

that the more electricity is consumed, the less energy tax has to be paid per kWh consumed. 

The Dutch government has deliberately chosen for a regressive energy tax to respect the 

international competiveness of heavy electricity users. Heavy electricity users are often 

companies working and competing in an international context. If the government would apply 

a flat-rate energy tax, electricity costs would become a significantly higher cost component of 

the products produced. This would put the company in an unfair position in comparison to 

companies located in countries without energy taxes. In Table 5, the energy taxes for 

electricity consumers in 2009 are presented. 

 

Electricity consumed in kWh/year Type of user Tariff in 2009 ex. VAT ( €)  

Up to 10.000 Small 0,1085 

From 10.000 to 50.000 Medium 0,0398 

From 50.000 to 10 million High  0,0106 

Above 10 million (commercial use) Heavy  0,0005 

 

Table 5: Energy tax on electricity consumption in 2009 (source: www.postbus51.nl) 

 

VAT is not of concern; turn-key system prices are also assessed without incorporating VAT. 

Using the energy taxes and the commodity prices, we can calculate the marginal costs of 

electricity for each type of electricity consumer. The average tariff for electricity users, other 

than small is based on the average cost for the commodity in Table 4. No low and high tariffs 

are calculated because no official figures are publicly available.  

 

Type of user   Low  Average High 

Small 0,1725 0,1982 0,2166 

Medium n.a. 0,1295 n.a. 

High n.a. 0,1003 n.a. 

Heavy  n.a. 0,0902 n.a. 

 

Table 6: Marginal cost of electricity for different type of users 

 

Table 6 shows that the marginal costs of electricity are the highest for small consumers and 

lowest for heavy electricity users. These findings imply that if we move along the line from 

small to heavy electricity users, marginal electricity prices decrease significantly (under 

influence of energy taxes). As discussed before, electricity generated with PV will substitute 

the electricity from the grid. In other words; a kWh generated with a PV system has the 

highest financial value for small electricity consumers and the lowest value for heavy 

electricity consumers.  
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Besides the segmentation of electricity users caused by the energy taxes, there also is some 

significant spread in marginal electricity tariffs within the segments. This means that 

consumers who face electricity tariffs that lie in the upper ranges, will have a higher financial 

incentive to adopt PV, than consumers who have an electricity tariff in the lower ranges. 

6.3.2 The cost gap 

The difference in price between 1 kWh produced by the PV system and the price to be paid 

for 1 kWh consumed from the grid can be seen as the cost-gap. When the price of electricity 

produced by a PV system gets to a point that is equal to the electricity price from the grid, 

‘grid-parity’ is reached. However, the current cost gap is large enough to prevent the 

widespread adoption and diffusion of such systems. To calculate how much the electricity 

costs produced by a PV system, the overall discounted cost method (ODC) will be used 

(Chabot, 1998). ODC takes into account all the costs incurred during a period of n years 

chosen for the economic analysis. Costs that are taken under consideration are the investment 

costs and operating and maintenance costs (O&M). If a period of n years is chosen that equals 

the lifetime of the PV system, the ODC calculated becomes equal to the so-called life-cycle 

cost of the PV system. On the other hand, most investors consider a period n for the economic 

analyses that is shorter than the theoretical lifetime of the PV system. This way investors 

insure themselves to gain benefits before a possible breakdown of the system is likely. The 

ODC for a PV system can be calculated as follows: 

 

Equation 3:  ODC = I ∗ ��(�
� )

�     with K = �∗(���)�
(���)��� 

I  = Turn-key PV system price in € 

K  = capital recovery factor (see formula) 

O  = annual Operation and Maintenance expenses (O&M) in € 

Y  = expected yearly electricity generation with PV system in kWh 

t  = discount rate of the project 

n = assumed economical lifetime in years 

 

Assumptions: 
As seen in paragraph 5.7, turn-key system prices can vary depending on several factors like: 

PV technology, vendor, market price developments and scale of the system. Therefore we 

will plot the costs per kWh against several investment ratios (€/Wp) based on the findings in 

the previous chapter. A range of 2 €/Wp to 5 €/Wp is chosen to evaluate the effect on the cost 

of PV electricity. 

The capital recovery factor is based on two parameters, the discount rate of the project and the 

assumed economical lifetime of the PV system. WACC is often used in practice as the 

discount rate as it represents the minimum return one must earn to be able to cover the costs 

of financing the project. It is assumed that private individuals in the Netherlands have access 

to capital against an interest rate of 2,6%
14

. The finance construction for companies is 

somewhat more complicated. Numerous finance constructions are viable and heavily depend 

on factors like: private equity, loan capital, risk, etc. A WACC of 4,9% is commonly used in 

the PV industry but could be higher in some businesses.  

The second factor that makes up the capital recovery factor is the considered economical 

lifetime. PV panels commonly receive a 20-25 years guarantee, making it realistic to consider 

a period of 25 years. However, the economical lifetime is often chosen lower to increase the 

certainty of the economical analysis. Considering longer periods increases the uncertainty of 

the other variables and therefore also the outcome of the calculation.  

                                                      
14

 Assuming a mortgage discount with a tax tariff of 41,45% 
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PV systems are assumed to need little to no maintenance, however cost of: washing-off the 

panels, monitoring system functioning and possible breakdown and replacement of an 

inverter should be accounted for in the analysis. Due to the limited experience and operation 

of existing PV systems in the Netherlands, this factor remains uncertain. We base or analysis 

on ECN’s assumption of 22,95 €/kWp per annum.  

The yearly electricity generation in the Netherlands is expected to be in the range of 800-900 

kWh per kWp installed PV capacity. However, these estimates assume an optimal orientation 

and inclination of the solar panels. We have seen that this could be reduced significantly 

when deviating from the optimal set-up. In comparison, a facade installation oriented to the 

south produces 26% less energy, coming down to ca. 646 kWh/year. Therefore, we take a 

range of 600-900 kWh for expected annual electricity production. 

 

Based on the assumptions, the following base case is used to perform a sensitivity analysis: 

Parameter Base case 

Turn-key system price 3900€/kWp 

Operation and Management cost 22,95€/kWp 

Expected annual electricity output 850 kWh/kWp 

Discount rate of the project 4,9% 

Assumed economical lifetime 15 years 

 

Table 7: Base case for PV cost analysis 

 

The most important point that this sensitivity analysis has put forward, is that small electricity 

users are facing a significantly smaller cost gap than medium and higher electricity users do 

(figure 17). Still, even small consumers will have to pay more than twice the price of 

conventional electricity. While heavy users will have to pay up to 5 times the price of their 

conventional gird electricity. Therefore, small electricity consumers will be the first to reach 

grid parity, as PV prices will decrease and electricity prices will increase. It will take some 

significant more time before medium, high and finally heavy users will reach grid parity in 

comparison to small users. 

 

Figure 17: PV cost gap in comparison with Grid electricity price (based on table 7) 

 

See appendix Q for the graphs of the sensitivity analysis performed with the base case of 

table 7. The findings of this analysis are naturally closely related to the next PBT analysis; 
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calculating the cost of an unit electricity produced with PV is just another way to express the 

cost of a PV system. In fact, the cost of a kWh produced with PV is an artificial one, just to be 

able to compare it to the cost of conventional electricity consumed from the grid. In reality 

PV systems simply require one large upfront investment. Most adopter are therefore more 

concerned about how long it will take to earn back their initial investment for the PV system 

as a whole.  

6.3.3 Payback time 

Knowing the cost of a kWh delivered by a PV system is not sufficient: the relative advantage 

is also influenced by whether the PV system will create profits or losses during the chosen 

economic period under analysis. It is therefore important to gain insight into how long it takes 

before the investment is earned back. Knowledge of the payback time (PBT) is needed for 

understanding the further adoption and diffusion process in the Netherlands, from small to 

heavy electricity consumers. Research performed in the US has shown that potential adopters 

consider a PBT equal or shorter than 15 years as acceptable. Often the PBT is simply 

calculated by comparing the initial upfront investment cost with the expected yearly revenues. 

Such a simple calculations does not account for factors like the cost of capital, interest rates or 

operation and management costs. 

 

A better estimation of the PBT can be made by using the Net Present Value (NPV) method. 

NPV is a significant measurement in business investment decisions. NPV is essentially a 

measurement of all future cash flows (revenues minus costs) that will be derived from a 

particular investment, minus the cost of the investment. Logically, if a proposition has a 

positive NPV then it is profitable and worthy of consideration. If negative, then it is 

unprofitable and should not be pursued from an economical point of view. The PBT is equal 

to j years when NPV is equal or greater than zero. While there are many other factors besides 

a positive NPV which influence the investment decision, NPV provides a consistent method 

of comparing propositions and investment opportunities in a simple perspective (capital-

investment-profit). The NPV can be calculated as follows: 

 

Equation 4: -I + � ��
(���)�

 

!"�
  with   Qj = (Y * E * (1 + g)) – O 

 
Qj = net cash flow for year j 

E = value of 1 kWh in € 

g = expected annual price increase of grid-electricity 

 

There are only three new variables introduced in comparison with equation 3. Q, the net cash 

flow, is calculated by subtracting the annual costs from the yearly revenues. Yearly revenues 

are simply calculated by multiplying the expected annual electricity generated, with the value 

of 1 kWh. As discussed in the previous paragraph, this value depends on the marginal cost of 

electricity from the grid paid by the potential adopter. Based on table 6 a range from 0,08€ to 

0,23€ is taken to evaluate the effect it has on the payback time. The price of electricity from 

the grid is likely to increase through the years of the investment project. It is difficult to make 

any explications about future electricity price developments. However if we look at the price 

development during the last 10 years (see figure 18) we see that electricity prices have 

consistently been increasing. Taking the most recent developments (see Appendix R) into 

account, electricity prices have been increasing with a yearly average of ca. 6% for small as 

well as for heavy electricity consumers during the last 8 years. Although the current 

economical recession shows indications that electricity prices will be falling down, it is 

expected that on the long term, electricity prices will continue to rise as world fossil energy 

sources are depleted. 

 



Adoption and diffusion within the Netherlands: the relative (dis)advantage 

 

35 

 

To perform a sensitivity analysis we start out with the following base case that is build up by 

the following (currently) most realistic assumptions. (For results see appendix S) 

 
Parameter Small users Heavy users 

Expected annual output  850 kWh/kWp 850 kWh/kWp 

Turn-key system price  4000€/kWp  3800€/kWp  

Grid price   0,1982€/kWh 0,0902€.kWh 

Expected annual grid price increase 3 % 3 % 

Discount rate   2,6 % 4,9 % 

O&M costs 22,95€ 22,92€ 

 

Table 8: Base case for sensitivity analysis PBT 

 

 
 

Figure 18: Electricity price development for small consumers and industry in NL ex. VAT 

(source: www.energie.nl)  

 

Because there are some significant differences between small users and heavy users, two 

separate analyses are performed. To keep the graphs readable, medium and high electricity 

users are left out of the analysis. Obviously, there PBT will be slightly lower than that of the 

heavy users (see Figure 17). In addition, the sensitivity analysis has shown that no current 

realistic scenario can be realized that allows a PBT of 15 years or less for small consumers. 

Heavy users are often not graphically displayed, reaching in most cases PBT’s of more than 

100 years. Regarding small consumers, the following points could be noticed:  

 

• Facade installations oriented south or any other set-up that brings down efficiency to 

75% will increase the PBT with circa 50% 

• Slight variations in annual solar insolation and therefore in expected electricity output 

of the PV system, will not dramatically influence PBT 

• One of the most important parameters is the discount rate or the average cost of 

capital. Having access to low cost capital is a key parameter to achieve the shortest 

PBT.  

• Like in the previous paragraph, O&M costs seem to have no drastic impact, some 

variation in these costs will not significantly influence PBT.  

• If the expected annual increase in grid electricity tariff will be lower than the discount 

rate, PBT will drastically increase.  

 

Annual increase in grid electricity tariffs can therefore be marked as the most important and 

influential parameter for the PBT, given the fact that this parameter is the most uncertain 

factor during the adoption decision of a PV system. The other parameters do influence the 
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PBT, however their value is known upfront and therefore do not mark a threat for the 

reliability of the PBT calculated. 

6.4 Governmental subsidy 

The Dutch government envisioned in the working program “Schoon en zuinig” where the 

Netherlands wants to be in 2020 on the area of sustainability. Main objectives are: 

 

1. 20% renewable energy 

2. 30% carbon dioxide emission reduction in comparison to 1990 

3. An annual reduction of 2% in energy consumption 

 
To achieve these objectives the government uses several ‘tools’ that will help to pave the way 

to this envisioned future. To enhance the adoption and diffusion process of renewable energy 

sources, the government created two different support schemes. Specifically. the EIA 

(Energie Investerings Aftrek) and the SDE (Stimulering Duurzame Energie).  

6.4.1. Energy Investment Deduction (EIA) 

The EIA is primarily aimed at companies who want to invest in projects that will help the 

Dutch society to get closer to their envisioned goals. Projects that are aimed at increasing 

energy efficiency or aimed at producing renewable energy are eligible for subsidy. Via the 

EIA 44% of the investment costs can be subtracted from the fiscal profit of the company. The 

financial benefit is dependent on the tax percentage and is estimated to be ca. 11% of the 

investment costs. Indeed the EIA also applies to investments in solar PV systems. With the 

use of the EIA, the adopting company will get a net 11% discount on the turn-key price of the 

PV system. Hence reducing the cost gap and decreasing the eventual payback time. However 

this support scheme only applies to companies that usually fall into the category of medium, 

high and heavy electricity consumers. Their respective cost gap is so large that even a 11% 

discount in turn-key systems prices does not result in a gap easily crossed over (see appendix 

Q graph 1).  

6.4.2 Stimulating Renewable Energy (SDE) 

In 2008 the SDE support scheme was started to support everyone within the Netherlands who 

is willing to produce energy with an environmental friendly method. Methods that produce 

energy without the combustion of crude oil, natural gas or coals. Examples are off and 

onshore wind energy, biomass, hydropower and on-grid solar PV systems. The SDE is 

divided according these different energy production methods with each category having its 

own regulations and limited budget. The PV category had a budget that would make it 

possible to subsidize a total PV capacity of 15 MWp. What the subsidy actually did was close 

the cost gap for small electricity consumers. It is obvious that closing the cost gap for small 

electricity consumers requires the least amount of subsidy. In light of achieving the largest PV 

capacity with a limited budget, it was a wise decision to only subsidize small electricity 

consumers. If larger electricity consumers were also subsidized within the same limited 

budget, less installed PV capacity could have been realized. 

 

The SDE support scheme for 2008 ended on 1 December 2008. The requested subsidy only 

accounted for 34% of the total capacity available. The available capacity that was especially 

devoted for PV systems was fully utilized up to the 18MWp that was eventually made 

available. It is interesting to see how well the Dutch market was willing to make use of this 

subsidy. The registration started on April the first and already got overbooked with 3,3MWp 

of the initial capacity available. Later on, the minister of economical affairs decided to extend 

the budget for solar PV capacity to 15MWp. Even this extended budget was exceeded on 23th 

of May with another 2,8MWp. The minister decided yet to extend the total annual budget one 
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more (and last) time to 18MWp.
15

. So in just over one and a half months, almost 18MWp of 

PV subsidy was applied for. It is difficult to determine how large the entire Dutch market is or 

would have been if the support scheme was not limited to this 18 MWp . However comparing 

this 18MWp with the average of 1.55MWp capacity realized in the past three years, it becomes 

clear that the ‘cost gap’ mentioned before was holding back the widespread adoption and 

diffusion in the Netherlands.  

6.4.3 Closing the cost gap 

The SDE (and partially also the EIA) is aimed at closing the cost gap between the cost of grid 

electricity and that of PV systems. However as explained before, the magnitude of the cost 

gap is dependent on several variables and assumptions. As could be seen in the sensitivity 

analysis, the cost gap is heavily influenced by the assumed economical lifetime and the 

marginal electricity costs of the potential adopter. The government aims to reduce the 

payback time of PV systems to 15 years. In 2008 the SDE targeted only small electricity 

consumers (up to 10.000 kWh/year), which not coincidently is the group with the smallest 

cost gap. In 2009 a budget of 20 MWp is reserved for on-grid PV systems, from which 5 MWp 

is reserved for large scale systems between 15kWp and 100kWp. This decision makes it 

possible for larger companies to adopt PV systems against a reasonable payback time. The 

Dutch government aims to subsidize another 55 MWp in 2010 and 2011. To what type of 

electricity consumers these subsidies will be targeted remains unclear. In general, small 

electricity consumers can be supported against lower costs than medium and higher electricity 

consumers require due to their greater cost gap. However, as this year has turned out, has 

proven to be no reason for the government to subsidize electricity consumers who face a 

larger cost gap (although on a relatively smaller scale). 

 

The effect of the SDE on the PBT can be found in appendix S, based on subsidy tariffs of 

0,426€/kWh for small users and 0,459€/kWh for heavy electricity users
16

 and keeping the 

remainder of parameters identical with those of table 8. The following points came forward: 

 

• Both heavy and small electricity users can achieve PBT’s of ca. 15 years.  

• As discount rates get higher than 6%, PBT increases significantly 

• The SDE makes the PBT indifferent of the expected annual increase of grid 

electricity tariffs.  

• Variation of O&M cost have little to no influence on PBT 

• Turn-key system prices have to be at or below 4500€/kWp to reach acceptable PBT’s 

of ca. fifteen years or less. 

 

An unlimited support scheme for renewable energy in Germany (the EEG) has shown that the 

market is quite eager to invest in PV systems when payback time reaches 15 to 20 years. It is 

therefore safe to assume that if PV systems in the Netherlands are subsidized to that level, it 

will attract enough interest to achieve the capacity the SDE scheme aims to realize. How large 

the potential market will be based on a payback time of 15 years is difficult to determine but 

most certainly will be far larger than the budgeted capacity in the SDE scheme allows. 

 

One major critique on the SDE support scheme is the given complexity of the whole 

regulation. For many small electricity consumers the picture becomes too complex to 

comprehend. This is under scribed by Holland Solar, the branch of trade for Solar Energy in 

the Netherlands
17

. Companies who have specialized administration departments, will have 

less difficulty with the administrative complexity. However, the SDE has targeted mainly 

small electricity consumers who often lack the knowledge and expertise to comprehend the 

                                                      
15

 http://www.senternovem.nl/sde 
16

 http://www.ez.nl/dsresource?objectid=162526&type=PDF 
17

 http://www.nuzakelijk.nl/20080802/algemeen/subsidieregels-zonne-energie-te-moeilijk 
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support scheme and how it influences the economics of a PV system. Germany and a growing 

number of other (European) countries use a relatively simpler support scheme with fixed 

feed-in tariffs. In Germany, there are no limitations to PV system capacity and payback time 

is independent of the type of electricity consumer. Each solar electricity producer simply 

receives a fixed price for each kWh generated and fed into the public grid. In comparison, 

Dutch feed-in tariffs are variable over time and are build up out of two separate components. 

The first component being the avoided cost of using grid electricity and second the subsidy 

tariff for each kWh produced.  

6.5 Expected future adoption and diffusion direction 
Until grid parity has been reached, further adoption and diffusion of PV systems in the 

Netherlands will heavily depend on governmental support schemes. If planned PV subsidy 

budgets will actually be allocated, PV system capacity will reach ca.143 MWp
16

 in 2011. How 

further dissemination will continue from there on, depends on how the new parliament will 

continue the SDE support scheme. As long as support schemes are applied that have a limited 

budget, adoption and diffusion will be limited accordingly. To reach the maximum potential, 

uncapped support schemes are necessary as have been applied in countries like in Germany 

and Spain. Until that occurs, the future adoption and diffusion of PV within the Netherlands 

after 2011 remains uncertain. Only when grid parity is reached, will the diffusion of PV 

systems be able to progress independent of governmental incentives. 

 

The moment that PV electricity will reach grid parity is uncertain. It depends on many 

variables - internal ones that can be influenced by the adopter and external ones that are out of 

the adopter’s control. The most important internal factors being the economical period/PBT 

taken under consideration or ought to be acceptable and the system setup. The most important 

external factors being the grid electricity tariffs, turn-key PV prices and the cost of capital 

(although cost of capital is influenced by specific adopter characteristics).  

 
Figure 19: Expected PV grid parity for small electricity users 

 

If we assume that current average cost of PV, found in paragraph 6.3.2, to be 0,46€/kWh and 

current grid electricity cost at 0,20€/kWh, we can draw up the a graph that gives us an 

indication of when grid parity for small electricity consumers could be reached. Key 

assumptions must be made about expected PV and grid price development, which have 

proven to be hard to predict. 

 

Grid electricity prices have shown a steady increase of 6% annually in the past 10 years. 

Nonetheless, the current economical crisis has led to a decrease in energy demand and 
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therefore in lower energy/electricity prices. According to the IEA
18

, energy prices could show 

a temporarily downfall but still will be increasing on the long term. Therefore we account for 

a lower grid electricity price increase than the past few years have shown.  

 

Before PV module prices started to increase around 2004, prices were coming down with 

about 4% annually. Now that the silicon supply shortage seems to be resolved, module prices 

seem to decline with the same pace like before 2004.  

 

Based on these expectations, three different grid price scenarios and two different PV price 

development scenarios are taken under consideration to estimate when grid parity for small 

consumers could be reached. 

 

Figure 19 illustrates that in the most optimistic scenario, grid parity could be reached around 

2020 as anticipated by many advocates of PV (Holland Solar
19

; RWE Energie AG and 

ECN
20

). Although, this can only be achieved in such a short time scale if conventional 

electricity cost will increase with 4% annually and PV cost will decrease 4% annually. 

Moreover, if these percentages will turn out lower, grid parity could be postponed until 

around 2030 or even later.  

 

Grid parity for heavy users is intentionally not assessed given the wide time gap between 

when small and heavy users will reach grid parity. Besides, grid parity for heavy users lays so 

far in the future, making estimations has little to no use given the uncertainty surrounding grid 

and PV cost. One thing is certain, it will take quite some time before high and heavy users 

will reach grid parity after small electricity users do. 

 

 

 

                                                      
18

 in the ‘world energy outlook 2008’ 
19

 Source: “Transitiepad zonnestroom – the roadmap of Holland solar” 
20

 Source: W.Sinke (ECN) “A vision for Photovoltaic Technology” 
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7. Corus, characteristics of the (potential) adopter  

 

In this chapter it is further assessed what potential role PV systems could play in Corus´s 

quest to achieve a more sustainable industry. To this end we will have to look at the specific 

characteristics of Corus and how these, in combination with the characteristics of PV systems 

found in chapter 5, can be combined.  The relative advantage is then further assessed by 

taking into account the barriers and drivers identified in the previous chapter. 

7.1 Energetic potential on the Corus site 

The energetic potential of PV systems towards Corus can not only be assessed by looking at 

the potential absolute electricity production, but also by putting it in perspective with the total 

electricity demand of Corus IJmuiden. To find out what part PV systems could play in Corus’ 

demand for energy, we take a more in-depth look at the electricity consumption of Corus.  

7.1.1 Electricity demand 

Electricity ‘only’ made up 25% of the total energy demand of 64 PJ, but even this quantity 

could be labelled as enormous. With an electricity demand of 1.963 GWh in 2006, Corus 

consumed an equivalent of electricity as 560.858 households in the Netherlands do (assuming 

3500 kWh/household). Due to increased steel production, electricity demand reached 2.061 

GWh in 2007. This consumption can roughly be broken down to the following posts: 

 
Consumed by: Electricity (GWh) 

Production facilities 1831 

Power Stations 78 

Losses in distribution system 75 

Building uses 42 

Energy distribution 31 

Lighting 3,4 

Waste disposal 1,3 

 

Table 9: Breakdown of electricity consumption (2007) 

 

Figures for 2008 are currently unknown but are expected to be lower than that of 2007 due to 

the economic recession which had a drastic impact on the production levels. An interesting 

fact is that a large part of the electricity consumed, is indirectly self-generated. During the 

production processes, process gases are released which are then captured and transported to a 

nearby electricity plant owned by NUON. Whereupon they upgrade the low caloric process 

gasses by mixing it with natural gas and then combust it to generate electricity. 

7.1.2 Available roof surface and potential electricity generation 

The energetic potential of PV systems is dependent on the specific local conditions of the 

potential adopter. Corus IJmuiden is located along the northern coastline in the Netherlands. 

This results, according to Figure 15, to an average insolation of 1070 kWh/year. With solar 

modules that have an optimal orientation and inclination, this comes down to an expected 

annual electricity production of circa 910 kWh/year.  

 

The Corus site in IJmuiden comprises 750 ha of employment zone. A significant part of this 

enormous space is taken up by industrial buildings and warehouses. In the preliminary 

research it became clear that ground installation of PV systems would not be a viable option 

to Corus. Main reasons not to consider installing PV systems on the ground were found to be: 

 

• Open (available) space on the Corus site is scarce; installing PV systems on the 

ground prohibits future expansion of new buildings or factories.  
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• Due to high buildings on the terrain, shading could drastically reduce PV system 

efficiency installed on the ground. 

• Free open land represents a certain economical value. Corus always has the choice to 

sell unused ground to external parties. This opportunity cost should therefore be 

incorporated in the total costs of the PV system. This would significantly increase 

costs of the system, extending payback time even more.  

 

Roof space available on industrial and office buildings cannot be used for other purposes, 

making them ideal for PV application (no opportunity costs have to be accounted for). These 

industrial and office roofs are also an ideal location due to (almost) no shading. The total roof 

surface available on the Corus site can be estimated by calculating the roof surfaces using an 

Euclidian norm.  With this method an estimate of 111,2 ha of roof space was made. This 

represents a surface as large as 111 football fields. It is important to note that it is simply am 

estimate because it does not account for inclining roofs. Inclining roofs would represent larger 

areas than estimated using an Euclidian norm. Still, greater parts of the roofs are simply flat 

making the estimation of 111.2 ha quite reliable. 

 

Further, it would be unrealistic to assume that the total 111,2 ha could be effectively used for 

the implementation of PV modules. Many other factors should be accounted for like: 

 

• Temperature of roofs; some roofs could get too hot due to production processes 

taking place inside the building, making them unsuitable for PV application. 

• Chimneys that emit large clouds could have a shading effect on nearby 

roofs/modules.  

• Some roofs are simply inaccessible due to their unconventional shape. 

• Most roofs also contain several ventilation shafts that also decrease available space 

due to shading of their surroundings. 

• Inclining roofs that are significantly oriented away from the south are practically 

unusable from an economic point of view (see previous chapter). 

 

maar 

Figure 20: Estimated roof surface Corus IJmuiden – roof space is marked green. 
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Taking into account the aforementioned reasons, it is likely that the total roof space applicable 

for PV will turn out lower than the estimated 111,2 ha. The exact roof space that could be 

used is therefore unknown and lies outside the scope of this project. For simplicity reasons it 

is assumed that only 75% of the 111,2 ha would be actually suitable for PV installation. 

Further, the potential electricity generation with 83,4 ha roof available, would depend on the 

PV technology used. As was discussed in chapter 5, we can roughly make a distinction 

between thin film and crystalline technology. table 10 represents the potential electricity 

production with the use of different PV technologies. Note that the installed capacity is far 

lower than can be expected given the total available roof space. The cause of this lies in the 

fact that to prevent shading between the modules, a module takes up about twice its own size 

on a flat roof. Experience in Germany has shown that thin film modules are often installed flat 

on non-inclining roofs. If turn-key system prices can be lowered with 10% or more by 

installing the modules flat, this would counterbalance the decreased efficiency output of the 

PV system. Another advantage of flat installation on non- inclining roofs, is the greater 

capacity than can be installed on it; there is no need to account for possible shading between 

the modules. 

 
Module

21
 capacity/m

2 
Installed capacity 

(MWp) 

Electricity generated 

(GWh/year) 

% of Electricity 

demand in 2007 

130 Wp (Crystalline) 54 49,1 2,38 

70 Wp (thin film) 29,1 26,5 1,12 

    

70 Wp (thin film –  

installed flat) 

58,3 47,7 2.31 

 

Table 10: Potential Electricity generation with 83,4 ha of available roof space 

 

Colum 4 of table 10 shows that independent of the PV technology used, the potential 

electricity generation with respect to the total electricity demand of Corus remains 

insignificant. Even if future PV technology developments will lead to cost competitive cells 

with a higher efficiency, Corus would not be able to generate more than fraction of its total 

electricity demand in the foreseeable future. Although, ‘greenifying’ the total electricity 

demand with PV systems seems to be too ambitious, there are certainly other more attainable 

(sub) goals for Corus to strive for like ‘greenifying’ its lighting usage or waste disposal. 

7.2 Ecological impact 

The one, and most important ecological effect of adopting PV systems is the reduction or 

prevention of upstream (indirect) CO2 emissions. The generated electricity with PV systems 

substitutes the use of electricity generated with fossil fuels. In other words, using PV 

electricity prevents the use of fossil fuelled electricity and therefore the emissions of CO2 

coupled to the generation of fossil fuelled electricity. On the Dutch electricity market one can 

distinguish between two different types of electricity, namely ‘green’ and ‘grey’ electricity.  

Grey electricity is generated using coal, natural gas and nuclear energy while green electricity  

is generated with biomass, hydropower and wind energy. How much CO2 emissions are 

prevented by substituting with PV electricity, depends on the specific energy source(s) used 

for the generation of grey electricity.  

 

The electricity that is purchased by Corus on the spot electricity market can be ratified as grey 

electricity. It is impossible to trace which exact energy sources have been used to generate the 

electricity consumed by Corus. To this end an estimation of the energy mix must be made. 

Each energy source has its own respective CO2 emissions per kWh generated. Depending on 

the energy mix of the national electricity suppliers, it is possible to calculate how much CO2 
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 These module capacities are based on typical values found in a database created and updated 

annually by Photon International (2008)  
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emissions are avoided by generating and consuming electricity from PV systems. Data on the 

specific energy mix in the Netherlands of 2007 can be found in appendix T. It shows that gas 

fired electricity plants take up the largest part in the energy mix, followed up by coal and 

nuclear plants. On average, each (grey) kWh produced in the Netherland causes 453g CO2 

emissions. Hence, each kWh of PV production prevents the emissions of circa 453g of CO2 

gases.  

 

How much emissions exactly can be avoided by Corus will depend on installed PV capacity 

and set-up. As discussed in chapter 5, we also have to account for the EPBT. If we assume 

that the PV system has been produced using fossil energy, we can calculate the time required 

for the PV system to reach its EPBT. From that moment on, the PV system will start 

contributing to a net prevention of carbon dioxide gases. 

 
Module capacity/m

2 
Prevented CO2 

emissions/ kWp 

installed cap. 

(kg/year) 

Prevented CO2 

emissions total 

roof space 

(kton/year) 

Time until CO2 

neutral (years) 

Time until CO2 

neutral – 

Anticipated 

(years) 

130 Wp (Crystalline) 412 22,2 5.9 3,3 

70Wp (thin film) 412 12,0 4,8 1,7 

     

70Wp (thin film - 

installed flat 

370 21,6  5,24 1,9 

 

Table 11: Potential upstream CO2 emissions prevention with PV systems and time before net 

contribution to CO2 prevention (based on fig 12) 

 

Taking into account the lower solar insolation in the Netherlands, the EPBT turns out higher 

than depicted in chapter 5. Depending on the PV technology used, it will take about 5 years 

before EPBT is reached. Assuming a lifetime of more than 25 years, the system will be able 

to contribute to CO2 emission prevention for more than 20 years. If future anticipated PV 

technology developments are taken under consideration, EPBT (CO2 neutrality) can already 

be reached in less than 2 years.  

7.3 The ‘fit’ with  Corus’ Energy Strategy 

The challenges faced by the industry and the increasing legal and social pressure to respond to 

the environmental problems, has spurred Corus to undertake steps to improve efficiencies, 

reduce energy consumption and look for other possible options to decrease the impact of the 

industry on its environment. The following three main goals related to Corus’ energy strategy 

can be recognised: 

 

• Reduce energy utilisation by at least 1% per annum, for example by making more 

efficient use of existing resources. 

• Make tangible short and long term efforts to decrease CO2 emissions 

• Increase social acceptance, for example by promoting steel as a sustainable CO2 

saving material and Corus being one of the world most efficient (thus most 

sustainable) steel producers. 

 

First, adopting PV systems will simply not help to decrease the energy utilisation. To this end 

other measures like intervention steps at the steel plants to increase production efficiency or 

decreasing computer and lighting usage, are options that do contribute to attain this goal. 

Second, PV systems could play an important role to decrease the CO2 emissions of Corus. 

Although the CO2 emissions of Corus could be marked as ‘tremendous’, each contribution to 

lower this value should be taken under serious consideration. Finally, PV could certainly 

increase the social acceptance of Corus as a steel producer in IJmuiden. Several studies have 
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shown that environmental friendly measures taken by companies enhance corporate image 

(Vredenburg & Westley, 1993). 

7.3.1 Decreasing the Carbon-Footprint 

Corus has committed itself to reduce CO2 emissions per produced tonne of liquid steel by at 

least 20% by 2020 (to less than 1.5 ton CO2 per ton liquid steel produced) against the 1990 

base position. Corus acknowledges that opportunities to reduce CO2 emissions at a typical 

integrated steel works are limited as 80% are irreducible process emissions.  If Corus would 

want to drastically decrease it’s CO2 emissions, new breakthrough technologies in steel 

making are necessary. One potential technology that could be an answer to this problem is 

ULCOS (Ultra- Low CO2 steelmaking). ULCOS, which also makes use of CCS, aims to 

reduce CO2 emissions of today’s steel making by at least 50 percent
22

.  However,  this 

technology, for the time being, is in a research and development stage. Conservative 

estimations are that ULCOS will not reach implementation phase before 2030. So on the short 

and medium term, Corus will have to look elsewhere for measures to reduce the CO2 impact. 

 

Decreasing CO2  emissions does not only serve an ecological cause but also a financial one. 

Since 2005, the European Union Emission Trading Scheme (ETS) was introduced. Briefly, 

the ETS is aimed at decreasing the CO2 emissions by putting a price tag on it. Initially, these 

emission rights were allocated free of charge. However, since introduction, the European 

Union (EU) has gradually decreased the free allocation of the emission rights to motivate 

emitters to enhance energy efficiency and reduce (fossil) energy demand. When producers of 

CO2 emit more than the emission rights they got allocated allow, they are forced to buy these 

emission rights on the open trade market against a certain market price. Due to the ETS 

scheme, Corus is confronted with extra costs per ton liquid steel, increasing the cost price of 

steel and therefore also its international competiveness. Hence, stimulating Corus to take 

every step that is economically and technically feasible to decrease its CO2 emissions.  

 

Besides steps, like CCS, that can be undertaken to reduce the direct CO2 emissions of Corus, 

it is also possible to reduce upstream CO2  emissions. Upstream meaning that the carbon 

dioxide is not generated and emitted from within the company self, but outside by (energy) 

suppliers. The consumption of electricity is one major example of indirect up-stream CO2 

emissions. However, the ETS scheme is aimed at burdening the emitter of carbon dioxide, 

which in case of electricity generated with fossil fuels, is the electricity supplier. This is the 

main reason why Corus has committed itself to give priority to energy saving schemes and 

interventions that reduce the CO2 emissions it is directly accounted for. The potential role PV 

could play in Corus’ goal to decrease CO2  emissions would therefore be relatively little. 

Reducing upstream emissions will have no effect on the amount of CO2 allowances Corus will 

have to acquire. The electricity that could be generated with PV systems on the site of 

IJmuiden would substitute electricity from the grid. Even if the total roof potential would be 

fully utilized for installing PV systems, just a little margin of 1-3% of total upstream 

electricity related CO2 emissions, could be prevented. 

7.3.2 Enhancing Corporate image 

Corporate image is a function of organizational signals that determine the perception of 

various stakeholders regarding the actions of an organization (Riordan et al., 1997).  

Adopting PV systems could help enhance Corus’ image to insiders and outsiders. The 

perception of outsiders like residents that live near the vicinity of Corus or new and existing 

customers could be positively influenced by applying PV. It could be a way for Corus to 

express its concerns for the natural environment by taking up its ecological responsibility. 

The adoption of PV could sent away a message that Corus is doing whatever is in its reach to 

(positively) contribute to the environment. Further, the (visible) presence of PV on the Corus 
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site could not only enhance perception of outsiders but also the attitude of the organization’s 

employees.  Corus is already trying to make its employees more aware of environmental 

related issues. The physical presence of PV systems could enhance their awareness and so 

indirectly influence their (environmental related) beha viour (Dukerich, 1991) 

7.4 Economic feasibility 

When adopting a new technology like PV systems, the economical view is one of the most 

important aspects to consider. Not only for small consumers but just as well for large 

companies like Corus. The previous chapter already showed that heavy electricity consumers, 

like Corus, are confronted with the largest cost gap related to PV adoption.  Consequently, 

payback time is expected to be extraordinary long. For completeness, we still asses what 

payback time Corus would be facing without governmental incentives on the short and long 

term. The most important factor that influences the payback time are the marginal costs of 

conventional grey electricity consumed from the grid. The lower the price that Corus has to 

pay for its conventional electricity, the longer it will take to recover an investment in PV 

systems. Further, the investment climate of Corus is of relevance for assessing what the 

prospects are of a potential investment in PV systems by the cooperation. 

7.4.1 Marginal cost of electricity 

As discussed in the previous chapter, electricity prices are build up out of several 

components: 

 

• The commodity (electricity itself) 

• Transportation costs 

• Energy Taxes 

 

When electricity is bought on the wholesale energy market, it has to be determined what type 

of power one wants to buy. Corus can purchase base load and peak load power. Base load 

stands for the minimum amount of power required to meet minimum demands based on 

expectation of the energy requirement during the whole day. Peak load stands for the power 

required for a shorter period of time when demand 

for electricity is higher than the daily average 

(Diesendorf, 2007).  

 

The costs of base load power are consistently 

lower than the costs of peak load power. The 

reason for this lays in the way the electricity is 

generated. Base load power plants do not change 

production to match power consumption demand. 

Base load generators, such as coal and nuclear 

power plants, often have high fixed costs but low 

marginal costs. Thus, they are more effective 

when used continuously to cover the base load 

required. On the other hand, peak load power 

plants, often fuelled by natural gas have on 

average lower fixed costs and higher marginal 

costs (Daniels, 1996). These peak load generators 

are only operational when energy demand cannot 

be met with the base load capacity available 

twenty-four-seven . 

 

In Table 12 we see a snapshot of the base and peak load prices that are traded on the ENDEX. 

The ENDEX is an Amsterdam-based energy exchange for wholesale market participants. 

Table 12: Endex electricity prices 

(source: ENDEX) 
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ENDEX members include energy producers, distribution companies, financial institutions, 

industrial end-users, hedge funds, asset managers and brokers
23

. 

 

Most production processes on the Corus site in IJmuiden are taking place twenty-four-seven. 

Therefore electricity demand in general is quite steady during the whole day. Based on this 

electricity consumption profile, Corus purchases base load electricity far in advance. If we 

look at the base load prices on the Endex, we see that electricity can be bought per month, per 

quarter and per annum. It is even possible to purchase electricity up to five years ahead. 

Looking at Table 12, we see that prices are expected to increase on the long term. Starting 

with 51,86€ for 2010 increasing up to 67,72€ in 2014, an increase of  30,5%.  These numbers 

do not reflect what actual prices of base load electricity will be in those respective years. The 

increasing prices are a result of the uncertainty of long term developments that is 

compensated by calculating higher electricity prices.  

 

Although Corus only purchases base load electricity (far) in advance, it also purchases peak 

load electricity. To explain this, a fictive scenario is used to illustrate why also peak load 

electricity has to be purchased by Corus (Figure 21). The blue line illustrates the base load 

power that has already been purchased in advance. The red line represents the true 

consumption of electricity at a certain moment in time. Whenever the red line is under the 

blue line, power consumption has been lower than the purchased capacity. This means that 

the surplus capacity bought in advance can be sold on the electricity market. When the red 

line rises above the blue line, Corus has purchased not enough capacity and must purchase 

this deficiency on the spot electricity market. The price of electricity depends on what time 

this deficiency takes place. Between 8 am and 20 pm, power must be purchased against peak 

prices. As can be seen in Table 12, peak prices are significantly higher than base load prices.  

 

As was explained and also is quite logical, solar PV systems produce their energy during solar 

hours. If we look at appendix U, we see that the sun shines almost in the same interval as 

when peak load prices are calculated for purchasing power on the Endex. In other words, the 

value of the electricity that solar PV systems produce is equal to the value of peak load 

power. This means that Corus would have to purchase less peak load on the electricity 

market. So for calculating the payback time of a PV system, the costs of peak load electricity 

should be taken into consideration. Consequently, PV systems produce electricity that 

represent the same economical value as (grey) peak load electricity does. 

 
Figure 21: Illustrative example of peak and base load electricity consumption 
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Another component of the electricity price is the costs of transportation. These are the costs 

incurred for delivering the electricity from producer to consumer. As of 1 January 2009 

transportation costs are not variable anymore for small electricity users (max 3x80 A 

connection). This means that the costs of electricity transportation are not relevant for 

calculating the marginal electricity costs. However, Corus with its heavy industry has 

enormous capacity connections. Therefore it pays a variable transportation tariff for each 

MWh consumed. In 2007 transportation costs were 4,30€/MWh 

 

The last component that makes up the marginal electricity costs are the energy taxes. With an 

electricity consumption of more than 2000 GWh per annum, Corus would only have to pay as 

little as 0,0005€ tax for each kWh consumed more than the first 10 million kWh. However, 

due a covenant with the authorities, Corus is exempt for paying energy taxes over electricity 

consumed more than 10 million kWh. Hence, energy taxes do not contribute to the marginal 

electricity prices. 

 

Now the question remains what marginal costs should be taken into consideration for 

calculating the economics of PV for Corus. The government has promised not to increase 

electricity taxes for large electricity consumers. In exchange the industry has promised to 

keep reducing energy consumption (per ton steel). Also transportation costs are believed to be 

quite stable over time, small variations will not have a large effect as they only make up ca. 

5% of the marginal costs. On the other hand, peak load electricity price has proven to be 

highly variable in the past year (see Figure 22). 

 

 
Figure 22: ENDEX peak power price progression from 2008 till beginning 2009 

  

In the mid of 2008, peak power prices reached a sky high of ca. 125€/MWh. From there on it 

started to decline to a current level of ca. 80€/MWh (source: ENDEX  see fig. 22). This rapid 

decline is highly related to the world wide economical recession. Due to a significant decrease 

of electricity demand and the decline in oil prices, peak power prices have fallen down to pre-

2005 levels (see fig18). Although, in a future outlook of the world energy prices by the 

International Energy Agency (IEA) it is argued that recent price drops are expected to be 

short term. The IEA strongly believes that when the economy recovers, energy prices will 

have the tendency to continue to rise with the same pace as they has done during the years 

before the crisis.  

7.4.2 Payback time  

For estimating a payback (PBT) time the following assumptions are made (see chapter 6): 

 

• Marginal electricity costs of 85€/MWh (including transportation costs) 

• WACC of 4,9%  

• O&M costs of 22,95€ per kWp installed capacity 

• 910 kWh electricity generated per kWp installed capacity 
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Typical turn-key 

System price (€/kWp) 

PBT  elec. 

constant (year) 

PBT elec. increase 

1% (year) 

PBT elec. increase 

3% (year) 

PBT elec. 

increase 6% 

(year) 

5500 - (BIPV) >100 >100 >100 53 

4500 - (Crystalline) >100 >100 >100 46 

3500 - (Thin film) >100 >100 100 39 

2500 - (in 2020) >100 >100 58 30 

1000 - (in 2050) 42 29 20 15 

 

Table 13: PBT of several turn-key prices under different electricity price growth scenarios 

 

With current PV system prices Corus is simply facing PBT of more than 100 years. Only 

when peak electricity prices are assumed to grow with a constant 6% per annum,  a PBT can 

be reached lower than 53 years. Even anticipated turn-key system prices for 2020, cannot 

drastically change the picture. PBT’s longer than 30 years are simply unacceptable from an 

economic point of view as well as from a technological one. The general conclusion that can 

be drawn based on  

Table 13, is that PV systems independent of technology and independent of expected peak 

electricity price developments, will not reach acceptable PBT’s. Not on the short term till 

2020, nor on the long term till 2050.  

 

Many suggest that if there would have been no economical recession, electricity prices would 

have continued to rise. To illustrate what influence extreme high peak electricity prices would 

have on the PBT,  

Table 14 presents several scenarios with an annual growth rate of 3%. 

 
Typical turn-key System 

price/kWp 

PBT 100€/MWh (year) PBT 125€/MWh (year) PBT 150€/MWh (year) 

4500 - (Crystalline) >100 93 62 

3500 - (Thin film) 92 58 43 

2500 - (in 2020) 51 36 27 

1000 - (in 2050) 16 12 10 

 

Table 14: PBT under extreme peak electricity price scenarios with an annual 3% increase 

 

To reach an acceptable PBT of less than 20 years, turn-key prices of 1000€/kWp and 

electricity prices >100€/MWh are essential. These conditions are unthinkable for the short 

and midterm. 

This is where governmental support schemes can make a drastic difference in the outlined 

economical perspective. The practically unlimited support scheme ‘EIA’, would bring down 

turn-key system costs with 11%. Though, looking at Table 13, a 11% discount on the current 

turn-key system prices will have no significant impact on the unacceptable PBT’s. However, 

the second support scheme ‘the SDE’ turns the economical picture the other way around.  

Assuming a turn-key system price of ca. 4000€/kWp, the SDE subsidy will reduce the PBT to 

a more acceptable level of 15 years. The support scheme works in such a way that it 

incorporates the variance of the marginal electricity prices through the years of operation. 

There are unfortunately some major limitations to this scheme. First, only systems up to 100 

kWp are subsidized per company. Second, the budget of the SDE scheme is very limited; the 

5MWp capacity available for subsidy in 2009 turned out to be far lower than the market was 

willing to adopt. The result, a depleted subsidy scheme in just one day
24

.  

 

Like with all governmental policy, support schemes are often prone to changes. Still, under 

current conditions there seems to be no major changes to be expected till 2011. It will be 
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difficult for each company who wants to adopt PV, to apply for the subsidy (considering the 

limitations). What will happen after 2011 is difficult to predict, a new parliament could lead 

to drastic changes. Many advocates of renewable energy hope that the Netherlands will 

follow in the footsteps of neighbour country Germany. Only time will tell, until than the 

outlook to fully utilizing the total roof space at Corus seams, from an economical point of 

view, unattainable. 

7.4.3 Investment climate at Corus 

All investments performed by Corus serve a certain purpose. It is this purpose that determines 

to what expectations an investment has to comply to be viable. The following main 

investment categories can be recognized in the cooperation, where 1 has the highest and 4 the 

lowest priority: 

 

1. Obligatory investments (like safety related measures and complying with 

governmental regulations) 

2. Maintenance investments to guarantee continuity 

3. (Long term) Strategic investments (like new production facilities, or research 

projects) 

4. Investments aimed at gaining a maximum return on investment (generally PBT 

between 3-5 years) 

 

Corus has a limited budget that cannot simply be expanded. As a result, categories 1 till 3 

have the highest priority. Investments that fall out of the first three categories are solely aimed 

at maximizing profit. This normally results in PBT’s of shorter than 5 years. Clearly, adopting 

PV systems could never fall into the fourth category. Even with governmental subsidies PBT 

remains well above the minimum required PBT of 5 years. On first sight, an investment in PV 

systems would not contribute to any of these categories. Still, investing in renewable energy 

sources like PV, could indirectly contribute to increasing social acceptance and reducing CO2 

emissions. Therefore, adopting PV systems could be seen as a strategic investment. There are 

however no clear guidelines to which financial demands strategic investments have to 

comply. Higher management will have to decide if  the contribution to the energy strategy is 

worth the investment. 

7.5 Technical and financial risk 

There are two major technical risks to be recognised which could form a serious financial risk 

of adopting PVs. First, if PV systems are adopted without the use of the SDE support scheme, 

realized PBT’s can significantly differ from what is calculated. Peak prices have proven to be 

highly variable, making PBT calculations prone to unrealistic estimations. 

 

Second, accumulated dust on solar modules can substantially decrease module efficiency and 

therefore PV system efficiency (El-Shoboshy and Hussein, 1993). On the Corus site 

enormous amounts of raw materials are deposited, like iron ore and coal. Under dry 

conditions and strong wind, significant amounts of dust get air borne from these sources. In a 

research performed in 2005 towards dust deposition on the Corus site, it was found that 

certain areas are more prone to dust deposition than others (see fig. 25). However, these 

measurements were performed by taking samples of the ground. It is not possible to say if and 

to what extent dust deposition could form a threat to module efficiency, which is installed on 

higher roofs. Module inclination, roof height and weather conditions will determine if and to 

what extent dust deposition will influence electricity generation (Van Goossens and 

Kerschaever, 1999). Clearly, roofs that are in the proximity of point 6 and 7 in fig. 25 have 

the highest risk of being affected.  

 

In the past few years Corus has taken successful steps to minimize the sand-drift by covering 

up some of the deposits and by irrigating during dry periods. A recent measurement, aimed at 
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8. An innovation adoption Strategy 
“Independent of the type of innovation and the type of organisation which adopts the 

innovation, the adoption of an innovation should improve the effectiveness or performance of 

the adopting organization. Innovation adoption is a means of changing the organization to 

facilitate the adaptation to changing environments in order to sustain or increase 

organizational effectiveness”- 

  (Damanpour and Gopalakrishnan, 1998) 

 

The above quotation illustrates that innovations should only be adopted if it improves 

effectiveness or performance of the organisation. The main question that arises then, is 

whether adopting PV systems would contribute to Corus’ effectiveness and performance. 

Moreover, how should the adoption of PV (over the long term) take place to maximize 

performance and effectiveness? In this section, we will look at what strengths and weaknesses 

PV adoption would have for Corus. These strengths and weaknesses are very likely to change 

over time, therefore we also look at what long-term opportunities and threats should be taken 

into consideration. A SWOT analysis will be presented that will cover the findings in the 

previous external and internal analysis phase as described in the previous chapters. These 

analysis were aimed to find out what characteristics the innovation has, how national or 

institutional circumstances influence the relative (dis)advantage of PV and last, how the 

particular internal characteristics of Corus synergize with the external characteristics 

identified. 

8.1 Strengths, Weaknesses, Opportunities and Threats 

A SWOT chart helps to uncover strengths/opportunities that Corus could take advantage of. 

By understanding the weaknesses/threats, Corus can manage and eliminate the factors that 

could otherwise catch it unexpectedly. By looking at the innovation through the lens of a 

SWOT, we can design a strategy that incorporates all relevant factors that influence the 

adoption decision of PV by Corus.  

 
Strengths: 

� Reduce upstream CO2 emissions 

� Enhance corporate image 

� Increase social acceptance 

� Increase employee’s environmental 

awareness 

� Secured area for implementation  

� Enormous roof space available 

� Support PV industry/development 

� Demonstrate own PV products 

� Building Integrated PV has high visibility 

� PV technology is modular, makes extending 

adoption over time possible 

Weaknesses: 

� PBT>>15 years 

� Cannot compete with other investments 

� insufficient budget for investment 

� No contribution to direct CO2 abatement 

� Expensive alternative to solely abate indirect 

CO2 emissions 

� Could never make significant part of 

electricity consumption (<3%) 

� No obligation to ‘greenify’ part of energy 

consumption 

� Large scale deployment on roofs has low 

visibility/exposure 

 

Opportunities: 

� Decreasing PV prices 

� Increasing  peak electricity prices 

� External investors willing to invest 

� Lease roof space 

� Improved  support schemes 

� Sell PV electricity to external parties 

� Reach great economies of scale 

� Make new (office) buildings CO2 neutral 

� Increase energy performance of new office 

buildings 

Threats: 

� Dust deposition  

� Lower efficiency PV 

� Rejection by external investors  

� Risk of leaking or damaged roofs  

� Decreasing peak electricity prices 

� Conflicts with regulations and bureaucratic 

problems concerning lease constructions 

� Institutional barriers to feeding electricity 

into the public grid. 

Table 15: SWOT-chart PV adoption 
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8.2 Motivation to adopt PV systems 

Although there is some overlap between the following reasons to adopt PV, it is important to 

asses them individually: 

 

1. PV adoption by Corus from an economical point of view 

2. PV adoption from an environmental point of view 

3. PV adoption to enhance corporate image and increase social acceptance 

 

1: Adoption of PV systems by Corus is simply not possible from an economical point of 

view. Even if PV systems would reach a PBT of ca. 15 years with the help of support 

schemes. Economical investments simply require a PBT shorter than 5 years and due to a 

limited budget (debt to asset ratio should be respected) other investments have a higher 

priority. In addition, no realistic future long-term scenario imaginable will bring down PBT’s 

near the range of 5 years. Even major breakthroughs in PV prices or peak electricity prices 

will not change the picture for the next decennia to come. 

 

2: Looking at PV systems from an environmental point of view implies that adopting PV will 

contribute to (indirect) upstream CO2 abatement. Hence, PV systems do not contribute 

directly to improving Corus’ environmental performance. To decrease direct CO2 emissions, 

other steps, comprising for example energy efficiency measures, should be taken. These types 

of measures require higher priority because they also lower the emission allowances to be 

purchased by Corus and more importantly contribute to the ‘hard governmental induced’ 

goals of Corus to increase energy efficiency with 1% per annum. Only when direct CO2 

emissions cannot be economically or technically lowered, upstream CO2 emission prevention 

makes sense. Even when Corus reaches this stage, it is plausible from an economical point of 

view to take those steps that will decrease upstream CO2 emissions that require the least 

amount of resources. Currently, PV has proven to be the most expensive option amongst the 

renewable energy sources available in the Netherlands
25

. Options like purchasing green 

electricity from utility companies (instead of generating itself) could be far more 

economically and environmentally effective. Before blindly stepping into PV, these other 

options should therefore be seriously considered,  

 

3: One important advantage that PV systems could deliver is the enhancement of corporate 

image and as a result increase social acceptance of Corus. Enhancing corporate image not 

only positively influences external stakeholders’ perception of Corus but also that of internal 

stakeholders. PV projects that would have a high visibility could increase company 

employees’ awareness, indirectly influencing their environmental related behaviour. 

However, there is no direct evidence available that endorses that visible PV systems would 

have this effect. Towards external stakeholders, the adoption of PV systems could send out a 

message that Corus is willing and is taking steps to contribute their share towards the 

environment. Moreover, most efficiency improvements (related to the production process) 

would have a greater positive environmental impact than could be effectuated by adopting PV 

systems. Unfortunately, such steps taken by Corus are barely visible to the outside world, 

having little to no impact on corporate image. Adoption of PV systems is currently seen as 

rather innovative and as a way to express environmental concerns. Still, assessing PV 

adoption from this point of view is more complicated than with the first two views. It is 

difficult to determine to what extent adoption will enhance corporate image and whether this 

enhanced corporate image is worth the high capital investments PV systems require with little 

to no financial returns.  

  

 

                                                      
25

 Wind and Bio- energy costs are currently significantly lower than PV (Tilburg, et al., 2008) 
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8.3 A timeline for PV adoption 

Taking into account the aforementioned SWOT chart and the main motivation(s) to adopt PV 

systems, the following adoption strategy is proposed: 

 

 

Figure 25: Long-term PV adoption strategy 

 

Period 1: The first period starts in 2010 because from then on, one can apply for the SDE 

again. Adopting PV without the help of the SDE support scheme is simply too expensive and 

most likely not worth the environmental and corporate image related benefits. The SDE 

scheme brings the PBT of more than 100 years down to an acceptable level of 15 years. Corus 

should try to apply for this subsidy because it gives Corus the option to reap the benefits of 

PV against a price otherwise unattainable in the foreseeable future. 

 

Period 2: In 2012, a new parliament will be elected and new governmental support schemes 

will be developed. Most likely, there will be a continuation of the SDE scheme. How it 

exactly will look like is not possible to predict. Still, it is expected that PV systems will 

continue to require governmental incentives until about 2020 when grid parity will be reached 

for small users (most optimistic scenario). During this period, Corus can periodically decide if 

it has the financial resources available and at the same time should closely monitor support 

scheme developments to determine if acceptable PBT can be realized. 

 

Until ca. 2020, Corus will have had enough opportunity to get acquainted with the technology 

and whether dust depositions indeed forms a threat to efficient PV operation on-site.  

 

Period 3: This period is marked as the beginning where PV prices have reached grid parity 

for small electricity consumers (see chapter 6). From this moment on, investing in PV 

becomes economically interesting for external parties without being constrained with limited 

subsidy budgets. As chapter 7 has shown, even with expected turn-key system prices of 

2500€/kWp and lower, investing in PV remains uneconomical to Corus. Experience in 

Germany has shown that if there is no limiting support scheme and PBT’s can be reached of 

about 15 years, external investors are eager to find suitable roof spaces to place PV systems 

on
26

. This would be an ideal opportunity for Corus to exploit its huge roof potential. By 

leasing its roof to external PV investors, Corus would indirectly contribute to CO2 abatement 

and increase corporate image while not having to invest in expensive PV systems itself.  

                                                      
26

 Photon international (10/2008) 



An innovation adoption Strategy 

 

54 

 

8.4 Managerial implications and strategy deployment 

The proposed strategy presented above, assumes that Corus would be willing to invest (on a 

small scale) in PV systems motivated by environmental and image related reasons. Business 

units (BU) that are planning for new buildings or renovations, already consider PV 

implementation autonomously. However, they have a limited budget that until now has 

proven to be insufficient to invest in costly PV systems. This problem could partially be 

resolved by creating an internal corporate subsidy scheme. Corporate management will have 

to decide if and how much financial resources can and will be allocated towards PV 

implementation. When a PV budget is reserved, this should be clearly communicated to all 

BU’s of Corus IJmuiden through internal communication. Depending whether BU’s are 

planning to build or renovate office buildings, they then could apply for an internal corporate 

subsidy out of the reserved PV budget. If there are more internal subsidy requests than the PV 

budget would allow, management would have to decide which BU requests contribute the 

most towards the objectives (enhancing corporate image/exposure) of the PV budget.  

 

On the other hand, corporate management could also decide not to support (small-scale) PV 

adoption by the BU’s till the end of period 2. Simply because PVs are not financially 

attractive and current economical conditions make it difficult to allocate financial resources.  

This decision could have a negative impact on the potential PV placement as described in 

period 3. With no experience of PV systems on the Corus site, external investors could 

become hesitant to choose Corus as a location and partner to host their PV systems at. Corus’ 

heavy industry could easily give them the impression that dust depositions could seriously 

harm PV system efficiency. With no experience with PV systems on-site, it will be rather 

difficult to persuade external investors to choose Corus as a potential host for their PV 

instalment. 

 

 

Corus corporate

BU BU BU

Budget allocated 

to PV 

Secure financial 

resources

Apply

Apply

Apply

 
 

Figure 26: Proposed internal PV subsidy program, if management is willing to allocate 

resources
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9. Conclusions 
 

This report has discussed the prospects of the adoption of photovoltaic systems in the 

Netherlands in general and for one particular actor -Corus- in specific. For the reason that the 

objective of this report was twofold, the following sections will separately handle each of the 

two respective objectives. 

9.1 Discussion of findings 

We recapitulate by looking back at the initial research questions formulated at the beginning 

of this report that guided the study 

 

First research question: 

What relative advantage do PV systems have to offer in the Netherlands, and how will this 

relative advantage influence the further national dissemination of PV systems? 

 

The analysis has shown that the relative advantage of PV systems in the Netherlands is 

dependent on the specific characteristics of the adopter in combination with governmental 

policy and grid electricity price (developments). The most important characteristic of the 

potential adopter is the electricity consumption profile. Under influence of energy taxes, small 

electricity users face far higher grid electricity tariffs than large and heavy electricity users do. 

This segmentation makes PV systems more financially attractive towards small electricity 

consumers and less to those actors that consume well over 10.000 kWh per annum.  

 

Calculating the cost to generate 1 kWh with a PV system and comparing this to the cost of 

conventional grid electricity, expresses the relative (dis)advantage of PV systems in 

economical terms. The findings have shown that small electricity users face the smallest cost 

gap, while heavy electricity users face the largest. Nonetheless, small consumers will have to 

pay more than twice as much as the price of conventional grid electricity. Heavy electricity 

users will even have to pay more than four times the price of conventional grid electricity. In 

general, one can conclude that PV systems are in strict economic terms not viable in that they 

cannot compete with conventional electricity from the grid on a unit cost basis. 

 

Another option to assess the relative advantage of PV systems is to look at how fast an 

investment in PV would be able to generate enough financial returns to cover the whole 

investment. In practice, one often simply calculates the PBT by dividing the initial investment 

costs by the yearly revenues. However, such an approach ignores the cost of capital and leads 

to an overly optimistic estimation. Therefore, the NPV method is taken under consideration to 

more accurately assess the PBT. The findings have demonstrated that without governmental 

incentives, small consumers face PBT’s of more than 30 years. While heavy electricity users 

are confronted with PBT of more than 100 years, making PV systems financially even more 

unattractive than they already are for small consumers. Research and experience has shown 

that PBTs of 15 years or less are necessary for the widespread adoption and diffusion of 

renewable energy related innovations. Even with the most optimistic assumptions, PVs do not 

reach a PBT of 15 years or less, limiting the further widespread dissemination of PV systems 

within the Netherlands  

 

Having said that, PVs have a relative advantage in the sense that they do provide significant 

environmental benefits over conventional electricity sources. This trade-off between 

economic costs and environmental benefits has provided justification for policy support for 

PVs on the grounds that adoption of the technology will have social and ecological benefits 

outside the sphere of monetary evaluation. Due to the governmental support schemes a PBT 

can be reached of around 15 years, turning the relative disadvantage that PV systems have in 

the Netherlands, into a relative advantage to certain actors. The analysis has shown that a PBT 

of 15 year can only be reached by those actors that: 
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• Have access to low cost capital 

• Possess roof space that facilitate optimal PV system set-up 

• Are able to purchase PV systems against the lowest turn-key system prices per Wp 

available on the market 

 

Even with the above limitations, initial response to the support scheme has been 

overwhelming. Indicating that the demand for PV is higher than the subsidy budgets allow. 

Until PVs can reach a PBT of 15 years or less without governmental incentives, further 

adoption and diffusion will be driven and limited at the same time by governmental policy. In 

one of the most optimistic scenarios, grid parity could already be reached around 2020. 

However, scenarios with lower expected grid electricity price increases and lower expected 

PV system price decreases, could easily postpone grid-parity to later than 2030. 

 

Second research question: 

What potential role, on the short and long term, can solar PV systems play in Corus’ vision 

and mission towards a more sustainable future? 

 
PV systems can never play a significant role in Corus’ vision and mission towards a more 

sustainable future. Even when Corus would utilize its enormous roof space for PV 

application, only circa 3% of Corus’ electricity demand would be fulfilled with electricity 

generated with PVs. Besides the relatively small energetic role PV systems could fulfill for 

Corus, adopting PV on such a large scale is simply unattainable from an economical point of 

view. Due to Corus’ high cost of capital and the relatively low cost of grid electricity, PV 

systems reach PBTs of more than 100 years. For PV systems to be financially attractive to 

Corus, they would have to reach PBTs of 5 years or less.  

 

Besides a small energetic role that PV systems could play in Corus’ demand for electricity, 

also the ecological contribution can be marked as relatively small. Generating and consuming 

electricity from PV systems, substitutes the use and generation of electricity stemming from 

the grid. Therefore, adopting PV systems would not help Corus to reduce its CO2 emissions, 

as the substitution of grid electricity would only help to reduce indirect upstream CO2 

emissions. Although not directly contributing to Corus’ environmental goals, the adoption of 

PV could help to increase the social acceptance of Corus. PV systems that are highly visible 

to internal and external stakeholders (especially BIPV) could enhance corporate image, 

question remains if the benefits would outweigh the costs.   

 

Although large-scale adoption of PV is neither financially attractive nor economically feasible 

for Corus, the company does have an ideal location and enormous roofs that have the 

potential to facilitate large-scale PV deployment. To this end, Corus would be an ideal host 

for PV systems, but not able to adopt this technology itself. Although PVs do not have a 

relative financial advantage to Corus, there are indications that within 10 to 20 years PVs will 

be financially attractive to external parties. These external investors could lease the roof space 

of Corus’ buildings to deploy large-scale PV systems. Facilitating the operation of PV 

systems would lead to enhanced corporate image of Corus without the financial losses 

involved when adopting PV itself. Small scale adoption would be an option, not motivated by 

financial drivers but by ecological en corporate image related reasons. New and thorough 

renovation of office buildings would be an ideal situations to take small steps into PV 

application; also gaining experience and knowledge of whether dust deposition forms a threat 

to PV electricity generation.  

9.2 Marketing & Policy implications 

Understanding the relative advantage an innovative product has to offer towards its potential 

adopters provides two key benefits. First, strengths and weaknesses in the innovation 
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attributes can be identified and managed effectively (Hsu et al., 2000). Second, more control 

can be imposed on the marketing strategy in order that the innovation is made attractive to the 

most receptive audience (Auty and Elliott, 1998). The marketing strategy can take into 

account the recognized factors by diminishing the weaknesses and endorsing the strengths. 

The relative advantage of PVs has demonstrated to be quite complicated, changing over time 

and being dependent on numerous factors. However, solar manufacturers and marketers can 

overcome this problem by close monitoring of how these relevant factors develop. Followed 

up by clear communication to potential customers about the relative advantages PV systems 

are able to deliver. PV suppliers should seek to achieve greater understanding of what 

customers’ perceptions actually are, in order for them to develop marketing plans that will 

eliminate or help reduce the misunderstanding and misconceptions about PV energy. Also, 

the findings suggest that suppliers of PV systems in the Netherlands should clearly develop 

distinctive marketing plans to target different customer segments based on their respective 

characteristics. As has already been explained, the relative advantage that can be expressed in 

economical and ecological terms, is the most important attribute for potential adopters who 

consider adopting PV systems. The implications are that solar companies should clearly 

segment their potential market. Each segment has proven to contain specific characteristics 

that influence the relative advantage towards those potential customers. By recognizing these 

specific characteristics in these segments, it would be possible to create marketing plans that 

focus and endorse those factors that are beneficial to those market segments. For example, 

solar companies should clearly define a distinct strategy plan to separately target small private 

consumers and large companies. Within the small electricity user segment, one should target 

customers who are homeowners because they have access to low cost capital. In addition, 

customers who have ideally oriented roofs should also be specifically targeted. For heavy 

electricity users in particular, PVs are not financially attractive to adopt even with 

governmental incentives. Other perspectives like ecological and/or corporate image related 

views should be used to persuade companies to adopt such systems. 

 

The findings in this report have shown that small electricity user need less funding than large 

electricity users do, to get motivated to adopt PV. This difference is mainly caused by the 

energy taxes that are collected for energy consumption. It cannot be advised to burden large 

and heavy electricity users the same like with small users. Significantly higher electricity 

prices could have a dramatic effect on the (international) competiveness of those users which 

are mostly companies. Given a limited budget available for PV support schemes, I agree and 

encourage to mainly support those adopters who face the smallest cost gap. By primarily 

directing support schemes to small electricity users, the largest amount of PV capacity can be 

realized within a limited budget. However, the government must be aware of the fact that if 

the whole tax chain is taken into consideration, high and heavy electricity users need almost 

as much funding as small users do. The explanation lies in the fact that each PV kWh 

generated and subsidized at a small electricity consumer substitutes the consumption of a 

‘conventional’ kWh and therefore makes the government miss out the energy tax it would 

have been receiving if no PV system had been subsidized. Until grid parity is attained for 

small electricity consumers, further adoption and diffusion will mainly be driven by 

governmental policy. Given the fact that limited support schemes are and will most likely be 

applied for the next three years, the diffusion of PV will most likely be restrained according to 

the limited budgets available for PV. It is a political question whether the Dutch government 

should continue to apply a capped support scheme or should follow in the footsteps of 

neighbour country Germany where an uncapped support scheme has led to the widespread 

dissemination of PV systems. Both advocates and opponents of an uncapped support scheme 

put forward well-reasoned arguments to take over or refrain from applying such a support 

system in the Netherlands. Advocates argue that only an uncapped support scheme will lead 

to the successful adoption and diffusion of PV systems. This does not only contribute to the 

environment, but also makes the country less reliant on fossil fuels and creates an industry 

that leads to valuable jobs. Moreover, according to the learning curve, the diffusion of PV 

systems will contribute to further cost reductions, enhancing the diffusion process even more. 
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Opponents propose that an uncapped support scheme would lead to an uncontrolled diffusion 

of PV with accompanying uncontrollable high costs. Another reason that is put forward for 

limiting the support for PV is that it is unfair to burden the whole community with the costs 

related to PV subsidies. As can be seen in the current division of subsidy budgets, most of the 

financial resources are allocated to support those renewable sources that are the most cost 

competitive. Biomass and wind energy have proven to cost significantly less than PV and 

therefore require far lower subsidies. Having a limited amount of money to spend and aiming 

for environmental goals like producing 20% renewable energy in 2020, it is not such a bad 

initiative to allocate most of the financial resources to projects that can achieve the most per 

euro spend. An option that could help to enhance the further adoption of PV is to direct 

unused subsidy budgets, that were originally allocated to wind- or biomass energy, to PV 

projects. Due to numerous factors that lie outside the scope of this study, the adoption of 

wind- and bio energy systems has been less than the subsidy budgets allowed, leaving a 

significant amount of financial resources unused. Since PV dissemination is mainly restricted 

due to the limited budgets, redirecting unused financial resources to PVs would still help to 

contribute to the environmental goals of the Netherlands, while not exceeding the total budget 

that has been made available for achieving the environmental goals. 

9.4 Limitations & Recommendations  

For the assessment of the main drivers and barriers towards PV adoption and diffusion, the 

main attribute ‘relative advantage’ was taken under consideration. Still, other attributes that 

influence the adoption and diffusion process, are also of importance for a more in-depth 

understanding of the whole adoption decision process. Due to the scope and limited time 

frame of this project, the other attributes were left out of consideration. This does not imply 

that these attributes are unimportant or do not influence the adoption and diffusion process. 

However, in comparison with the attribute ‘relative advantage’, their importance is assumed 

to be less relevant when trying to understand the widespread adoption and diffusion process. 

 

Grid parity has proven to be an artificial concept. It will deviate simply on the assumed 

economical lifetime that is considered in the PV cost calculation. In this project grid parity is 

calculated assuming an economical lifetime of 15 years. This has proven to be a figure widely 

accepted in other countries. It still is prone to what potential adopters find acceptable. It 

would be well possible that the accepted economical lifetime changes over time, depending 

on economic and financial tendency. 

 

Recommendations for further research: 

• Investigate how the remaining attributes influence the adoption and diffusion of PVs 

• The estimations of EPBT are probably based on outdated data. More exact estimates 

can be made if EPBT were known for current PV systems on the market. 

• Verification is required to verify if and to what extend subsidy requests are indeed 

fulfilled by actual installed PV systems. Only then can the expected growth scenario 

until 2011 be taken as an accurate estimation. 

• BOS costs have been based on averages of previously realized installations. It would 

be interesting to see whether it would be possible to categorize BOS costs dependent 

on type of PV installation and type of buildings. This would make it possible to more 

accurately estimate turn-key system prices. 

 

The estimations of Corus’ roof space available for PV application are simply rough estimates, 

for an exact figure, each roof should be individually and precisely inspected. The estimations 

were made to get a indication of how large the potential would be. Furthermore, potential 

electricity generation figures are based on relatively low efficiency cells. Main reason for this 

assumption are the significantly higher costs of high efficiency (>20%) cells. The outlook on 

the PV market has shown that future PV market expansion will not rely on high but on low 

efficiency (<20%) cells that can be produced against the lowest costs. 
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Further, the proposition of leasing roof space to external investors assumes that dust 

deposition does not negatively affect electricity generation. It also relies on the fact that PV 

prices will continue to decline and will finally reach a price point where PV investments are 

financially attractive to external parties without governmental incentives. Alternatively, the 

government would have to decide to apply an uncapped support scheme. The proposed PV 

adoption strategy is mainly based on plausible scenarios. However, governmental regulations 

could change drastically over time. Examples like obliging to ‘greenify’ part of energy 

consumption with PV or forcing to utilize roof space for PV application would change the 

options as laid out in the previous chapter. However, such scenarios are unlikely; PVs are just 

a means to an end, something the Dutch government stands behind given their current policy.  

 

Recommendations towards Corus 

• Before external investors will be able to rent/lease roof space on the site of Corus, 

institutional barriers should be further assessed. Like for example if the net owner 

will allow PV electricity transport to external parties or if there are extra charges 

involved in doing so. 

• With the use of small scale (test) PV setups, Corus can ascertain itself and external 

investors of the proper operation of PV systems on the Corus site. Testing and 

verifying if flat module installation on flat roofs would be an option as well, given the 

fact that dust deposition could be more severe than with inclining modules. 

• If the strategy that is laid out, leads to the decision to adopt PV (to a certain degree), 

an innovation champion –a person who’s goal is to integrate the innovation within the 

organisation – should be assigned.  

• It should be further assessed what specific roofs could be leased in the future, taking 

into account the strength, condition, life-time etc. of the roofs. 

• When Corus decides to adopt PV, it would be cost effective putting up a tender for 

the PV purchase. PV prices have proven to vary widely on the market. 

• If Corus would want to ‘greenify’ part of its electricity consumption, it should also 

consider purchasing green energy from external suppliers instead of generating itself. 

• Hold a survey aimed to measure to what extend and how stakeholders’ perception 

would change if Corus would adopt PVs. 
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Appendix A: Top 10 CO2 emitters 
 

Rank Company (site) Allocated 

emission 

(mln ton) 

Realised 

emission 

(mln ton) 

Surplus 

/shortage 

(mln ton) 

1 Corus Staal B.V. IJmuiden 10,3 6,4 3,9 

2 E.ON Central Maasvlakte 6,2 6,1 0,1 

3 Shell Nederland Raffinaderij B.V. 6,6 5,4 1,2 

4 Essent N.V Amercentrale 6,9 5,2 1,7 

5 Electrabel NL N.V Eemscentral 4,3 4,5 -0,1 

6 Nuon Centrale Hemweg 3,9 4,4 -0,5 

7 Nuon Power Velsen 1,6 4,3 -2,8 

8 Electrabel Centrale Gelderland 2,2 3,1 -0,9 

9 Chemelot 3,6 3,0 0,6 

10 Nuon Power IJmond 0,5 2,4 -1,9 

 Totall industry 87,0 79,9 7,1 

 Top 10 CO2 emitters Netherlands in 2007 (source: Dutch emission Authority NEa) 

 

 

Appendix B: Corus’ YmGreen program 
 

 

YmGreen - Objectives 

− 1% annual improvement in energy utilization until 2020. 

− To remain part of the global top 10 steelmakers in terms of energy and CO2. 

− Favorable assessment of Corus IJmuiden by product and production stakeholders in 
terms of energy and CO2. 

− Good housekeeping. 

YmGreen - Deliverables 

− Sustainability agreement. 

− Report containing proposals for reduction of energy utilization and CO2 emissions. 

− Agreed objectives for each department. 

− Programs included in departmental annual plans. 

− Reduction of on-site traffic. 

− Overview of products, both existing and in the making, leading to reduction of energy 
utilization. 

− Result of renewable energy research, and agreed plan being carried out. 

− Knowledge and application of products leading to reduction of energy utilization. 

− Periodical monitor with proposals for improvement. 

− Information campaign / communication. 

− Code of conduct. 

− Training. 

Overview of Objectives and Deliverables of YmGreen 
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Appendix C: Integrative Framework 
 

 

 

 
 Integrative framework explaining diffusion of innovations (source: Dieperink et al, 2004) 
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Appendix D: List of interviewees 
 

Company: Eneco: 

 

Hadi Akbari   (Solar energy project developer) 

 

Company Corus Steel BV. IJmuiden: 

 

Bauke Bonnema  (Marketing and promotion Corus building systems) 

Gerard Jägers   (Project manager YmGreen) 

Cock Pietersen   (Energy sourcing manager) 

Hans Kieswetter  (Electricity infrastructure engineer) 

Henny van Essen  (Energy accountant/controller) 

Jaap Delhez   (Site facility manager) 

Jean-Pierre Westerveld (Senior Financial controller) 

Joop Vogelaar   (Manager Infrastructure and development CPP) 

Piet de Haas   (Researcher environmental management) 

Paul Wauters   (Energy sourcing manager) 

René Boulonois  (Governmental subsidy expert) 

 

Appendix E: World PV production

 
World PV Cell/Module Production from 1990 to 2007 (Source: Jäger-Waldau, 2008) 
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Appendix F: Cumulative installed PV capacity

 
 Global cumulative installed PV capacity (source: EPIA- Solar Generation V, 2008) 
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Appendix G: Best Research-Cell efficiencies (Source: NREL 2008)



 

Appendix H: PV market segmentation

PV technology segmentation

Appendix I

 Optimum angle of PV to maximize yearly energy yield (

Sustainability) 
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Appendix H: PV market segmentation

 
segmentation in 2007 (source: Photon International, March 2008)

 

Appendix I: Optimal inclination in Europe

Optimum angle of PV to maximize yearly energy yield (source: Institute for Environment and 

Appendix H: PV market segmentation 

(source: Photon International, March 2008) 

: Optimal inclination in Europe 

 
source: Institute for Environment and 



 

Appendix J: PV potential Europe

Appendix A: Photovoltaic Solar Electricity Potential in European Countries (source: Institute 

for Environment and Sustainability)
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Appendix J: PV potential Europe 

: Photovoltaic Solar Electricity Potential in European Countries (source: Institute 

for Environment and Sustainability) 

 

 
: Photovoltaic Solar Electricity Potential in European Countries (source: Institute 
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Appendix K: Examples of BIPV 
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 Appendix L: PV experience curve 

Appendix B: PV module experience curve, 1976-2002 (source, Maycock 2002-2003) 

 

 

 

 

 

 

Appendix N: PV cycle network 

Appendix C: PV cycle network (source: European association for voluntary take back and 

recycling of photovoltaic modules)  
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Appendix M: Module Price index-125 Wp and higher (source: www.Solarbuzz.com) 
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Appendix O: Solar hours per month

 
 Solar hours per month in 2008 (Source: KNMI) 

 

 

 

 

 

Appendix P: PV orientation and inclination  
 

 
 

 

Efficiency when deviating from optimal inclination and orientation (Source: Christensen and 

Barker, 2001) 
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Appendix Q: Sensitivity analysis PV cost 
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Appendix R: Electricity price development 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Electricity price development small consumers, ex. VAT (source: CBS) 
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Appendix S: Sensitivity analysis PBT 

 
Payback time as a function of electricity generation 

 

 
Payback time as a function of discount rate 

 

 
Payback time as a function of expected annual increase electricity prices 
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Payback time as a function of Operation and Management costs 

 
Payback time as a function of Turn-key system price 

 
Payback time as a function of Grid electricity price 
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Appendix T

Average CO2 emissions per kWh generated in the Netherlands (source:

http://www.groenestroomjagraag.nl/St
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Appendix T: Average CO2 emissions per kWh

 

 
kWh generated in the Netherlands (source: 

http://www.groenestroomjagraag.nl/Stroometiket) 

emissions per kWh 
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Appendix U: Sunrise and Sun downfall in the Netherlands (source: KNMI) 
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