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Section 1 - Introduction and Methodology 

1.1. Purpose and Scope 

1.1.1. Research Objectives and Project Structure  

The aim of this project is to describe the market for solar thermal energy [STE] electricity 

production and identify the main market opportunities. Rather than focusing on a specific company, 

this paper assumes a market- and industry-based approach, showing how the most recent changes 

in microenvironment present new opportunities for current players and potential entrants. By 

describing STE technology and the market, we wish to give a realistic and up-to-date appraisal of 

the threats and opportunities latent in this area of investment, and to point potential entrants (or 

investors) towards the markets and segments where we determine the most significant prospective 

gains to be found.  

   These objectives are reflected in the structuring of our paper. Section 2 will initiate the reader by 

providing a basic introduction to the field of STE, through a comprehensive description of its 

technological properties, which will serve as a background to further understand and assess the 

profitability of STE. This information includes the particular properties of the product, its 

comparative strengths and weaknesses relative to its main competitors, and its future potential. This 

is followed in Section 3 by an analysis of the energy industry and most relevant STE markets. The 

aim of this section will both be to look to the historical beginnings and subsequent development of 

these markets up to the present, concluding in a description of the current STE markets, as well as a 

prognosis on possible up-coming markets. From this analysis we will highlight important 

stimulators and barriers to industry growth. Through the course of this section, the reader should 

gain a clear understanding of the size, growth and properties of key STE markets.  

   In section 4, the paper will undertake a more analytic industry analysis, by examining the value 

chain of the industry, its structure and main players. This information will serve as the foundation 

for a ‘5 forces’ analysis, the results of which will be elaborated and explicated. A description of the 

cost structures and competitiveness of STE plants will round out section 4.  

   The findings of sections 3 and 4 will then be put to practical use in section 5, where they reappear 

as the basis for an industry–sector opportunity study focusing on several separate but 

interconnected strategic areas where STE companies can leverage their advantages. At the 

conclusion on the paper, the reader should therefore have both a basic understanding of the key 
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STE technologies and markets, as well as a clear indication of the most significant market 

opportunities.  

1.1.2. Background - Why is this Study Relevant?  

One might ask why we anyone would devote an entire paper to an industry that currently only 

supplies less than 0.1 % of the global energy production. Two primary factors have motivated our 

writing of this paper. The first is the current demand for a product like STE technology. This 

demand is motivated by a series of macroeconomic factors.   

   - Energy shortage and the rising prices of conventional fuels: As global industrial production 

grows, so does public consumption; as populations increase and new energy-guzzling nations 

emerge, the earth’s natural energy supplies are becoming increasingly strained. The International 

Energy Agency forecasts that annual demand for energy will rise by 59% by 2030, while known 

oil, uranium and gas reserves will only last for a period of approx 50-70 years1, meaning that other 

energy forms must be developed to supply our needs. Based on this high level of energy demand 

and the shortage of fossil fuel, a prolonged and consistent demand for alternative, renewable energy 

sources is expected2.  

   - The Public Welfare/Environmental Factor: There is general agreement that carbon dioxide 

[CO2] emissions play a major role in climate change, and that climate change is a serious and 

urgent threat3. The average global temperature is expected to rise between 1,6 to 5,8°C according to 

the IPCC4, which in turn will have profound long-term negative effects on both economies and 

ecosystems: assuming a ‘business as usual’ approach, the total costs of climate change are 

projected to lead to an average reduction in global per capita consumption of 5-20%, now and 

forever5. In response, governments are increasingly beginning to take action. For example, the EU 

has agreed upon a 20 % reduction in CO2 emissions (1990 level) as well as stipulating that a 

minimum of 20 % of energy production should come from carbon-free renewable energy [RE] by 

20206.  

- The Geopolitical Factor: Approximately 50 % of natural gas consumed in the EU is imported 

from three countries – Norway, Russia and Algeria. The political situation in the two latter is 

unstable in terms of securing continuous supplies; with a quarter of total gas supplies coming from 

                                            

1 Mendonca (2007) 
2 Frost and Sullivan F633-14 (2006) 
3 Stern (2006) 
4 The International Panel on Climate Change, a United Nations expert group on climate change. 
5 Stern (2006;162) 
6 European Communities (2006) 
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Russia, it seems to be the largest worry7. In later years Russia have seen an administration willing 

to use supply stability in pursuance of political ambitions, most recently in Jan. ‘09, when 

18 European countries reporting major falls or cut-offs of their gas supplies from Russia due to a 

diplomatic dispute between the supplier and Ukraine, leading several governments to declare states 

of emergency8. With several former Soviet republics approaching the EU for member- or privileged 

partnership, the European Union have engaged Russia on a political and economic turf that the 

Kremlin considers to be a Russian interest sphere; for this and similar reasons, the EU members are 

looking to lessen their dependence on fuel sources from non-EU countries.  

   The Economic Consequence of these factors: The transition to a low-emissions global economy 

will open many new opportunities across a wide range of industries and services, as markets evolve 

to accommodate the new demands. The current size of the markets for RE generation are currently 

estimated to be at $38 bn per annum, but are predicted to increase to at least $500 bn by 20509. The 

cumulative investments in RE technologies are forecast to be over $13 trillion by mid-century10, a 

clear indication that major returns can be expected in these markets.    

 

   The second primary factor motivating this paper is that the market for STE is developing at an 

impressive pace, meaning that for the first time in history the technology has, not only the technical 

capabilities, but also the suppliers, producers and infrastructure necessary in order to be a 

competitive and profitable technology.    

   – Solar power as a stable fuel source: The sun is the most abundant RE source, of which the Earth 

continuously receives 1.740×1017 W in form of solar radiation. Studies by the German Aerospace 

Center have shown that, by using less than 0.3% of the entire desert area of the MENA11 region, 

enough electricity and desalinated seawater can be produced to meet the growing needs of these 

countries and of Europe12. Similarly, the U.S. Department of Energy estimates that solar energy 

collected from a total of 0,5 % of mainland USA could cover the country’s entire current energy 

consumption13.   

– A Competitive Technology: In contrast to leading competitors like wind and solar photovoltaic 

[PV] energy, solar thermal energy has the capacity to provide both base- and peak-load energy 

                                            

7 See Appendix fig. 13  
8 Cendrowicz (2009), Crumley (07/01/09)  
9 Stern (2006;302-304) 
10 Ibid.  
11 Mediterranean Europe & North Africa (MENA) 
12 Trans-Mediterranean Renewable Energy Cooperation (2008) 
13 NREL (2006) “DOE Solar technologies program – Overview and highlights” 



 

 7 

supply, which in the near term can help penetrate the market by storing the energy and converting it 

in peak-load hours where kW/h prices are at their highest. The flexibility of the technology means 

that it can be combined with existing generation technologies such as natural gas-turbine powered 

plants, to gain valuable O&M experience and output performance stats without compromising 

electricity output, which is essential in order to make STE attractive to private investors. In the 

medium to long term with more advanced storage capacities, better solar to electric conversion 

rates, and lower prices per installed MW capacity, solar thermal energy might offer an alternative 

to coal, gas and nuclear fuelled base-load power plants.     

   – Recent Market Development: Historically STE has remained an undeveloped segment within 

the sector of alternative energy, mainly due to the fact that the technology has been overlooked for 

many years because the operability was insufficient and the price of producing alternate energy was 

too high. But after having stalled for a long time in its development, the STE sector is finally 

undergoing a full revival due to falling costs, more effective technologies and policies sensitive to 

environmental issues. Additionally, a series of internal and external changes to the energy markets 

are coming together in favor of solar thermal and RE in general. Conventional energy prices will 

continue to rise as supply is exhausted and demand rockets. By contrast, renewable energy sources 

are experiencing falling costs from increased technological breakthroughs, and we are witnessing a 

leveling of costs between the two that should eventually lead to cost efficiency where RE attains 

parity with competing fossil fuel sources.  

   Also, because the STE market is less developed than its immediate RE competitors, greater gains 

in market share are possible for new entrants and existing companies; due to the nascent stage of 

the markets, STE still has room for development in technologies and continued efficiency gained 

from economies of scale and exploitation of learning curves. In short, STE technology “ […] is a 

proven technology for energy production, there is a potential market for STE technology, and […] 

significant cost reductions are achievable assuming reasonable deployment of STE technologies 

occurs14”. The consequence is continued growth and development of the markets. 

  

   – The financial gains from investing in Renewable energy: The bottom line consequence of the 

previously detailed conditions is that significant investments are being made in RE, investments 

that can in turn lead to significant financial gains. In 2007, investment into the RE sector jumped 

$148 billion, up 60% from 2006, and interest in solar energy is a key driver in that growth: the 

                                            

14 Conclusion of Sargent & Lundy report NREL/SR-550-34440 (2003) 
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2006-2007 period saw an increase of 254 % in solar investments15. Many solar companies have 

grown large enough to go public, and the IEA predicts that $20 trillion will be invested into 

alternative energy projects over the next 22 years16. Taking these factors into consideration, as well 

as the fact that investment in this particular form of RE has received comparatively little attention 

and mainstream coverage so far, STE is perched to become a high-growth, and potentially high-

profit sector that has yet to reach its maturity, all of which makes it a compelling area of 

investment. The consequence is clear: companies should position themselves now to take 

advantage of these opportunities.  

1.1.3 Consequences and Formulation of the Research Question 

The foundations are currently being laid for what looks to be a high-growth industry segment that 

will prosper in the medium to long term; already competition is heating up as more companies look 

for a share of the most attractive markets. But as competition intensifies, first mover advantages 

and the proper strategic knowledge are becoming increasingly essential to navigate for prosperity. 

Based on the information exposed in the previous section, the question now becomes: how can a 

company exploit the opportunities mentioned? Also, faced with these growths rates and an 

unknown market and technology, investors with a lump sum ready to invest need to know – where 

to invest (markets and value chain segments), and – who to invest in. In short: where are the most 

significant opportunities for growth, measured by attractiveness and profitability, and the highest 

growth potential. From these considerations we have formulated the following research question: 

 

RQ: What are the strategic opportunities for entry and investment in the solar thermal 

energy market and how can they best be exploited? 

 

In order to answer this question, we have further devised a set of research objectives:  

- What is STE? How does the technology work, and what are its pro’s and con’s? 

- Where are the most attractive markets with the most conducive climates for industrial growth?  

- How is the industry composed? How are costs determined within the industry, and what 

drives/deters market growth? 

- Where are the major opportunities for growth, and what strategies should players/new entrants 

employ to capitalize on these opportunities? 

                                            

15 Dunnin (21/07/08) 
16 Dunnin (21/07/08) 
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1.2 Scope and Delineation  

This paper points out investment and growth opportunities for stakeholders in the STE sector, and 

therefore we intended it primarily to be of interest to three different but related groups: 1) STE 

companies currently in the market who are looking to formulate specific strategies to increase 

market share 2) Possible new entrants to the market who are interested in locating the best entry 

strategy, and 3) Private investor groups, venture capitalists, and government bureaus who are 

interested in the investment possibilities in STE, and want to know which companies are most 

likely to grow and give the most substantial returns.  

   We feel that there is a need for this type of study and information amongst these groups, partly 

because the field of RE has proven itself to be a profitable (and therefore more legitimate) area of 

investment in recent years, and because STE is a sub-sector within this sector that is largely 

unknown and underdeveloped. This means it is subject to both increased risk, but also profitability 

if this risk can be exploited. Another reason outside of general enlightenment is the attempt to build 

bridges and increase understanding between different groups. The difficulty when writing to groups 

in this industry is that the paper must maintain a constant balance between technical information 

and business theory, and the groups involved will probably not be familiar with both of these 

aspects; one can imagine the engineer who has been working on receiver tube technology for two 

decades but has never considered formulated a specific business strategy outside of “ to grow 

bigger”, and the investor who wishes to invest in a burgeoning sector, but can’t tell the difference 

between a thermal trough and a thermal tower system. There is a demand for research that bridges 

this divide for the benefit of both parties, which is what this paper attempts to do. In spite of this, 

the focus will be predominantly business related as this is our main area of expertise, but also 

because the attention of those players with finance capability and potential needs to be drawn 

towards this sector (as per the introduction in section 1.1).  

 

   Though we intend for this paper to serve as a broad and general introduction to STE, we have 

made certain distinctions in our research field to account for the time and financial constraints 

imposed upon us, and to avoid a field of research that is too expansive and diverse for a proper 

evaluation to take place. 

   When speaking of eco-industries and RE, we will exclusively be referring to the RE industries in 

the energy market producing electricity, i.e. as distinct from the traditional markets of pollution 

management and waste reduction. Furthermore, we have made certain cut-offs within the electricity 

industry: our focus is on power generation in dispatchable markets, primarily focusing on utility-
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scale, turn-key solutions. This means we are focusing on high-temperature central generation STE 

systems for large-scale, on-grid production of electricity, which entails the exclusion of low- and 

mid-temperature solar thermal solutions, as well as the distributed power markets17.  

   Since the industry is undeveloped with very little capacity installed, it is necessary to view the 

entire industry as it evolves as a whole. For this reason, and because the industry is a essentially a 

global industry where players sell to markets in all countries, our paper assumes a global focus, 

with an added emphasis on the U.S. and EU since this is where majority of MW installations and 

the two biggest markets are found.  

   Finally, because this paper is exclusively interested in the feasibility and strategic opportunities of 

STE, we have discounted all arguments based on the ethical, normative, and ecological properties 

related to, say, the use of one form of energy over another. Since we are neither politicians, 

engineers nor lawyers, we will largely refrain from giving advice on policy or technology, and will 

refrain from technical analysis regarding the technology or legislation unless necessary, partly 

because it falls outside of our area of expertise, and partly because it isn’t relevant for our target 

readers given the purpose of the paper.  

 

1.3 Methodology    

– Overcoming the Knowledge Barriers of the Research Field: The energy industry is a vast and 

complex field, which makes it a difficult and impenetrable area to study. The sector of solar 

thermal energy is even moreso given its stage of development; the first problem one encounters is 

how to properly define and analyze an industry that barely exists. Markets are generally 

underdeveloped and involvement in them is limited to a few key players, and hence most writing 

on STE is forward looking, focused more on potential gains based on an expected rise in demand 

rather than on current production. Therefore any scholar wishing to analyze this sector of the 

energy industry spends a large amount of time involving himself with forecasts and hypothesis at 

best, guesswork and speculation at worst, which poses an even greater threat to understanding since 

energy is a topic that always runs the risk of becoming overly subjective and motivated by political 

viewpoints. Scholars must be able to sort through a slew of differing information, and stay up to 
                                            

17 Central Generation Systems include technology activities primarily associated with large-scale parabolic trough, linear Fresnel 
and power tower systems, while Distributed Generation Systems includes technological activities associated with dish/engine, and 
other systems capable of providing power on a distributed basis like mini-towers and modular schemes for troughs and Fresnel 
collectors. IEA/Solarpaces website ‘Task I: Solar Thermal Electric Systems’ (15/07/07).  
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date on ever-changing legislation, technology and so forth. This is especially true for a young, 

growing industry like STE where there are few quantitative studies available, with the few sources 

that do exist quickly becoming outdated as technology progresses.  

   We experienced the practical consequence of these conditions early on: it proved near impossible 

to conduct any primary research, not only due to the time and costs constraints we are facing, but 

also because of limitations in research access due to the protective nature of the industry at the 

current time18. Furthermore, Denmark is not well suited for STE production, and after approaching 

a number of Danish energy firms dealing with RE, we concluded that none could provide us with 

information relevant to our area of research. In consequence primary research was abandoned both 

out of necessity and out of choice.  

   These basic conditions, – the lack of transparency and access to information, the high levels of 

change and uncertainty/subjectivity, as well as time and resource constraints, have had a significant 

influence on the project structure and methodology. In response to these conditions, and to 

complement the research question and the analysis it entailed, we settled on an exploratory study 

that would allow us the flexibility required to study such a difficult field. Since we had limited 

knowledge of our research field at the time of commencement, we built our research design around 

a flexible structure permitting changes and the possibility to adapt as new knowledge formed19. An 

exploratory study built upon an inductive approach facilitates a process of knowledge building, 

where themes and ideas are allowed to emerge gradually through an ongoing process of pattern 

matching and explanation building; such an approach was naturally suited for our field of research, 

where the topic is new, exciting much debate, with little existing literature20. This approach is 

reflected in the data selection process, our level of analysis, the scope and ambition of the paper, 

and its practical evolution and design.  

   – Motivation for data selection and the empirical basis of the paper: Faced with so many barriers, 

how is the scholar to overcome it? In our case we decided to rely on our selection of data, and 

adopted an inductive approach where an array of opinions and information are assessed and 

interpreted to form specific theories. Because we knew that the validity and relevancy of such an 

                                            

18 Currently there is a general reluctance among the companies within the industry to disclose any financial information regarding 
the operation and finances of the companies. This is partly because many companies are still in the testing phase and do not have 
results that are publishable to the public, and partly because they want to withhold and protect any information that can be used by 
its competitors for the same reason. Though the main properties for leading technologies are known and some basic designs have 
been tested on a commercial basis, a number of alternative designs have emerged and based on our findings we have decided that 
nothing authoritative on costs can be asserted before these new designs have been tested commercially.  
19 For example, the sudden impact of the current credit crunch and financial crisis, and the drastic fall in oil prices have considerably 
affected the macro-environment while this paper was being researched and written, which in turn effected many of the basic tenets 
of the industry and in turn, of our research. The further implications of this recession will be addressed in section 3.6. 
20 Saunders, Lewis & Thornhill (2006;108) 



 

 12 

approach rested on a proper and extensive data base, we have devoted the majority of our resources 

and time on data collection and source selection21, gathering and sorting enough information to 

gain an objective, or at least a more nuanced, evaluation of the industry according to a ‘covering-

your-bases’ rationale. To account for the change and uncertainty and to secure that our 

understanding would have the broadest possible scope, our goal has been to collect as much 

credible compiled data from varied, up-to-date sources22 from a resource base spanning primary 

literature such as company reports, government publications, company presentations, refereed and 

professional journals, and academic peer-reviewed researched papers, to secondary literature 

including books, blogs, newspapers and other news sources23. Such a wide selection should account 

for dissidents that may otherwise ‘slip through the crack’, as each individual source is evaluated 

according to its correspondence to the other sources. In order to be relevant our data had to be 

extensive, up to date, and spanning a wide range of opinions and findings, both quantitative and 

qualitative, though with a leaning towards qualitative data since this is more readily available and 

congruent with the exploratory study.  

   There are several benefits and consequences of working with secondary research: since it does 

not rely on one specific company or source and requires fewer resources, it is both unobtrusive and 

easier to conduct. If conducted properly it can also provide a fine comparative and contextual 

environment from which to formulate theories, and the sources are secured a certain level of data 

permanence24. However, to ensure the highest degree of relevance, the data must undergo a 

continuous process of control for quality and validity, especially since an exploratory study tends to 

shift its focus as it is being conducted. It is our intention that the paper should be so thoroughly 

researched that it allows us to make substantiated claims, expressed in the structure of the paper 

that moves from a descriptive base and becomes increasingly analytic while narrowing its focus 

with each coming section.  

   Still, even with this sort of intensive data selection and evaluation process, the nature of our field 

of analysis (the state of the industry and lack of empirical data) will to some extent limit the impact 

of our findings; lacking the necessary empirical data for a strictly quantitative analysis, and relying 

exclusively on un-quantifiable secondary date, the findings will almost certainly be subject to 

personal choice and preferences. Ultimately we not only select sources but also choose how to 

interpret them. This will doubtlessly have certain consequences for the methodological soundness 

                                            

21 Exclusively between 02/08 to 08/08 and continuously while writing the report.  
22 With a majority being from the 2004-2009 period since this is where major changes in technology have taken place.  
23 This aim is also reflected in the high number of sources in the paper (about 2.5 per page) 
24 Saunders, Lewis & Thornhill (2006;218-219)) 
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of the paper: it both generalizes the findings, and increases the risk of subjecting the paper to 

observer errors or even biases. We have attempted to counter-act the latter tendency by narrowing 

our scope and focus (see previous section), and through our data selection process as previously 

explained. Furthermore we have benefited from our joint collaboration by actively using one 

another to monitor and provide a critical voice, thus ensuring a higher degree of objectivity. Finally 

we have relied upon established theory both as a way to determine data requirements and structure 

the selection process, but also to provide a working framework to anchor our findings to.  

   – Motivation of Choices in Theory: From the very beginning we made a conscious decision to 

analyze the STE sector on the industry level rather than the macro or firm specific level.  

 

 

Fig. 1 - Levels of the Business Environment25 

  

   There are several reasons why we have chosen an industry based approach, focusing on the 

cluster/diamond levels of analysis: – limited access to the financial information of individual firms, 

– high technologic uncertainty and an emerging industry composed of many generic and 

undifferentiated firms with similar characteristics, which are all facing similar market conditions, – 

with no clear market leaders influencing the market, no firms are particularly relevant to study. 

Finally the competitive environment within the STE sector is especially determining to the fate of 

the individual firm, since rapid change and uncertainty, for example in legislation or changes in 

component prices, impact firms greatly, as much if not more than individual performance. As a 

consequence of this we choose not to focus on one firm through, for example a case study, and by 

                                            

25 Solvell, Lindqvist & Ketels (2003;45) 
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doing so have further extended the scope, but generalized the applicability, of this paper.  

   Since our research question is based around industry analysis and evaluations of strategy as a 

means of determining opportunities, it is not surprising that our primary theoretical source will be 

Michael Porter, especially his ‘5 Forces’ model used to measure competitiveness within an 

industry. Porter’s work will provide a general theoretical framework around which to build our 

analysis and select out data. We have settled on Porter’s theory because it is suited for an 

environment-based analysis (as opposed to say, a resource-based analysis), and therefore 

corresponds with the objectives our assignment, which is interested in examining a market 

segment, its development, and the forces that help shape it. Once more it is a tested and 

documented theory that can be linked with other areas of market analysis that Porter has also 

studied such as emerging industry theory and strategic formulation.  

   However, the weakness of Porter’s ‘5 forces’ model is that it has a tendency to simplify the 

surrounding environment and may not catch all essential factors that help shape industries; 

similarly the model does not treat environment beyond the particular industry, presenting the 

industry in a vacuum as regards the remaining marketplace. This is a natural consequence, since no 

one model can take into account every possible variable and level of analysis. For our purpose of 

assessing the STE industry while addressing a wide variety of players with different backgrounds 

and motivations, we believe that the strength of the ‘5 Forces’ model is its simplicity, because it 

gives a quick overview of the industry and its basic structures, by providing “ framework[s] ... to 

capture the full richness of a phenomenon with the most limited number of dimensions”26. Since its 

aim is to provide an ‘as is’ analysis of the current environment, it is also sometimes levied against 

the model that it is poorly suited to analyze high velocity markets facing high uncertainty, such as 

the one we are studying27. To account for this factor, and to further nuance our understanding we 

have implemented the concepts and phraseology of Courtney et. al. (1997) on formulating 

strategies under uncertainty, as well as integrated them for practical use in section 5.2. Further 

complementary theories that will be touched upon include emerging markets theories; cluster 

theory; entry strategy theory; as well as literature on market development and growth patterns; and 

market failures and the protection of emerging industries.  

   – Further considerations regarding content and style: We previously mentioned the difficulty of 

writing to an audience with different backgrounds. With this in mind, it is our wish that the paper 

                                            

26 Porter (2002;45-46)  

27 For example Grant (2005;chapter 4) 
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maintain a clear, simple and practical style that can be understood by people unfamiliar with the 

energy industry. Our aim is to provide both an introduction to the technology and markets, as well 

as provide general information necessary to make informed opinions on investment in STE. 

   We acknowledge that the further process and methodology of the paper was influenced by our 

own choices and personal preferences; in truth, simply by selecting it as the basis for an entire 

paper, we already make an implied admission that we feel STE technology has certain potentials 

and promises that are worth investigating. Our preferences and interest towards analyzing a young, 

dynamic industry with a high growth potential also impacted our selection of STE.  

   Aside from the reasons already given, our selection of theory and data was largely motivated by 

our research question and the nature of the information we were trying to develop. Our choices 

reflect that we have engaged in a quantitative study, and so the majority of our work would be 

interpretive and assesmental, both in terms of evaluating sources and in applying our theory to it. 

We find this to be in line with the method of the paper; at its heart an opportunity study is 

intrinsically a collection of ideas and opinions substantiated by research, and therefore lends itself 

to analysis and interpretation. Such a study will undoubtedly be open to claims of subjectivity and 

generality, and by focusing on secondary data and an inductive approach we have further limited 

the degree to which the paper is specific and applicable. Yet a general or broad focus does not 

necessarily entail that direction or relevance is compromised28, and there is much validity and 

utility in such analysis.  

   These methodological consequences were also taken into account when formulating the research 

question and the broader purpose of this paper: since we have opted not to conduct a narrow single-

business approach, our paper does not try to provide a concrete plan of action tailor-made for one 

specific firm; rather it is a guiding point from which such an analysis can be conducted by the 

appropriate people. For this reason our paper should be thought of as a general introduction to a 

widely unknown industry. The report should not be seen as a final, conclusive evaluation of a 

technology and an industry that is rapidly growing and changing, but more a means to illuminate 

the most interesting perspectives stemming from these changes.  

 

                                            

28 Adams & Schvaneveldt (1991) in Saunders, Lewis & Thornhill (2006;115)) 
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Section 2 – Understanding the Technology 

2.1 Placing STE in Relation to the Energy Industry as a Whole29  

Due to the complex nature of the electricity industry, STE companies are engaged in three different 

forms of competition, with separate logics defining them. The first is a broad, wide-ranging 

industry level competition between RE and non-renewables, where a minority niche market 

combats dominant, entrenched market leaders. The second is an internal battle amongst different 

RE technologies to determine who can provide the cheapest, most efficient and reliable clean 

energy within that sector. This sector includes an array of different technologies at different levels 

of the product growth cycles: mature and economically competitive first-generation technologies 

include biomass, hydro-power, and geo-thermal power, second-generation technologies that are 

market-ready and are being deployed at the present time, including solar heating, photovoltaics 

(PV), wind power and bio-energy, and third-generation technologies requiring continued R&D 

efforts in order to make large contributions on a global scale, including advanced biomass 

gasification, bio-refinery technologies, geothermal power, ocean energy, and finally STE.  

   First-generation technologies are characterized by being well established and are widespread in 

developed countries with abundant resources, second-generation technologies are presently 

entering markets, while third-generation technologies are not yet widely demonstrated or have 

limited commercialization, and therefore remain particularly dependant on R&D and supportive 

policies. Regardless of their development, shared among these players is that they compete for 

limited resources and market share in the same market, while simultaneously combating the more 

entrenched fossil fuel providers. According to this division, producers of wind, PV, biomass etc. 

can therefore both be considered allies with shared interests (on the industry level - energy), but 

also competitors (on the niche market level - RE). Lastly there is of course direct competition 

amongst STE producers to provide the most efficient output at the lowest costs. This sub-segment 

can be further subdivided into high-temperature solar thermal, which uses the sun’s light to produce 

electricity, mid-temperature applications that are smaller and ideally suited for dispatchable power, 

and low-temperature solar thermal collectors, which produce heat for hot water, space heating, pool 

                                            

29 In this paper we will primarily be referring to STE as a sector or segment of the electricity industry, though on occasion we may 
examine it as an independent ‘micro-industry’ in itself (for example when speaking of emerging industries). 
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heating, and process heat30. The main difference between these technologies is therefore that high-

temperature plants produce electricity while the low-temperature plants produce heat not meant for 

conversion, which determines the scale of the plants, their MW capacity and overall applicability. 

 

 

Fig. 2 - The Composition and Segments of the Electricity Industry 

 

   The important thing to consider in this respect is that the level of analysis at which one 

approaches the field will dictate the type of analysis and strategy conducted. In the first and third 

scenario, the producers primarily compete on price and technology (i.e. engineering capability), in 

the first and second on access to funds and public awareness (i.e. marketing capability). This is 

important because it relegates cost efficiency to be but one of several parameters (albeit an 

important one), which include ‘cleanness’ and quality31. Competition not only takes place 

horizontally on three different industry levels, but also under varying levels of vertical scope 

(global, international, national and regional levels). Companies are therefore engaged in several 

forms of complex competition in very different markets, all with their own rules, goals, history and 

practices, with different logics underlying each level32.  

                                            

30 Sherwood (2008) 
31 See section 4.3 for a more thorough discussion of this issue.  
32 In the same way that e.g. Ferrari is directly competing with Aston Martin, but also more generally with Toyota or Ford. Due to the 
high substitutability of the product produced in the electricity industry (defined by its similar performance characteristics, similar 
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2.2 Solar Thermal Energy - Technologies  

2.2.1 Technology Overview                  

– An introduction of the thermal process: In conventional power plants, a single thermodynamic 

cycle is used to generate power: in short, a fossil fuel is burned and the heat from the burning is 

transferred to a heat exchange, which produces superheated steam that powers a steam turbine to 

produce electricity. This process is known as a Rankine cycle.  

   In STE plants, fossil fuels are replaced as the primary heat source by the concentrated solar 

thermal energy33. This energy arrives in two forms: through direct irradiance and diffuse irradiance; 

direct irradiance stems directly from the sun’s disc, while diffuse irradiance is the solar irradiance 

stemming from all other sources e.g. reflections34. STE plants feed off direct irradiance, and since 

STE technologies require at least 2.000 kWh/m2/year to be feasible, a critical component of the 

plants is that they must be sited in areas with much direct sunlight35.  The heat energy from the 

direct sunlight is concentrated using an array of mirror configurations, and the processed heat 

collected from this process is then used to heat a heat-transfer fluid36 to a high temperature. Beyond 

this point the power plant functions similar to a conventional thermal plant as mentioned above.  

   Hence, the STE plant essentially consists of two parts, as exemplified in Fig 337, which shows the 

design of a basic STE trough system: the solar fields consisting of mirrors and receiver tubes 

suspended at the troughs aperture, where solar radiation is collected and converted into heat, and 

the power block, consisting of power block (turbines and cooling towers), where heat is converted 

into electricity.  

                                                                                                                                              

occasions for use, and the fact that it is sold in the same geographic areas), this parallel could be extended even further to include all 
forms of transportation such as public transport or bikes – making analysis of such diverse technologies extremely difficult! 
33 However, an additional fossil fuel firing can be used in periods with insufficient solar radiation in order to reach steady outputs 
required by both utilities and investors, as a hybrid. Other power plants that use heat as the main fuel source include Nuclear and 
Geothermal power.  
34 Irradiance is a radiometric term that expresses the power of electromagnetic radiation at a surface, per unit area. In terms of solar 
technologies, this energy is often measured as ‘insolation’, a measure of solar radiation energy received on a given surface area in a 
given time. It is commonly expressed as average irradiance in watts per square meter (W/m²). 
35 Solarpaces/Greenpeace (2005;8). Other factors influencing the irradiance are the weather conditions (cloud cover, fog etc.), how 
high the sun is in the sky, and the number of daylight hours. 
36 The HTF is typically a synthetic oil with a high viscosity. Experiments with replacing the oil with water to produce steam directly 
in the receiver tubes are currently being conducted  
37 Solar Millenium report (2008)  
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Figure 3 - The Components of a STE Trough System 

 

Figure 4 - The Components of a Trough Solar Field 

  

   As Fig. 3 reveals, this basic design can be further augmented by the inclusion of an optional 

storage system, which makes it possible to store the collected heat and put it to use during overcast 

periods or at night. However, in contrast to other electric-based forms of clean energy such as PV, 

STE puts the storage before the generation; heat is stored, not electric power, an important 
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consequence, since storing heat is simpler, cheaper, and substantially more efficient than storing 

electric power38. If the plant includes thermal storage, the solar field in then appropriately sized up 

to deliver enough power to keep three turbines running at full capacity while at the same time 

charging the thermal storage.   

   The overall close resemblance to conventional power plants is considered a key competitive 

advantage of STE systems over other renewables. STE technologies use many of the same 

technologies and equipment used by conventional power plants such as glass, steel, gears, turbines 

etc, and do not rely on costly cells dependant on rarer materials such as silicon. Furthermore, 

because STE plants use mostly conventional modular parts and materials, they can be built 

comparatively quick and cheap at whatever rate industry and governments require and with a high 

degree of flexibility and adaptability. Outside of the requirements for space and sunlight, STE 

plants have few constraints, and can be assembled on site within 2-3 years to form a plant ranging 

from a few KW to several hundred MW39. Despite a limited geographical area of operation, STE at 

present offers the opportunity to build large single plants; in sunny, arid locations, one square 

kilometer of land can generate as much as 100 GWh of electricity per year40.  

   In contrast to fossil fuel plants, the power produced is from a clean, inexhaustible source, and the 

only necessary emission, water vapor, is harmless41. STE thereby offers a clean alternative to coal-

fired power plants, which emit health-threatening mercury, particulate matter and smog-forming 

pollutants, and to nuclear power plants, which consume large amounts of water and produce 

radioactive waste. Another property of STE plants is that, apart from power production, they can be 

used for desalination of seawater, an opportunity which offers significant future potential since 

many of the worlds sun-belt regions have experienced significant demographic growth, hence 

rising demands for electricity and fresh water.  

 

   – Intermittency, Storage, Stability and Dispatchability: In the production of electricity, power 

demand fluctuates greatly throughout the day and over the course of the seasons, and the power 

producer’s ability to provide a constant supply from a reliable and steady fuel source is imperative 

                                            

38 Heat can be stored 20 to 100 times more cheaply than electricity (Romm (14/04/08), and at present, thermal storage today has a 
93% efficiency, vs. a battery efficiency of 60-70% (Madrigal (06/03/08)). Storage will be examined in more detail in upcoming 
sections.  
39 For P. Trough: Development time: 20 months, Construction time: 12 months, Total time: 32 months or 2-3 years Navigant 
Consulting (12/06/07;Slide # 58). Irrespective of the technology used, a 100 MW solar plant with thermal storage requires: 4 km2 of 
land, 25 000 tons of steel, 12 000 tons of glass, 30 000 tons of storage medium , and 20 000 m3 of concrete. In 2003, a 100 MW 
solar power plant with 9 hour storage entailed an investment of 400 million €, with1000 jobs needed during construction and 100 
jobs during the 25 years of operation (DRL (2003)) in CSP Today (2008)  
40 Solel ‘Ten Facts about Solar Thermal Power’ (2007)  
41US DOE (2001) 



 

 21 

since power usage varies considerably between base, peak and intermittent demand periods. Base 

demand is found when demand is at its lowest, usually at night. In contrast, one speaks of peak 

demand as the time when electricity consumption is at its highest; this is usually from around 10.30 

to around 15.00-16.00 when most people are working and when the sun is at its highest and larger 

amounts of energy are required for cooling (i.e. the demand typically rises in the morning, peaks in 

the late afternoon, and lasts late into the evening). The remaining time between these two extremes 

is called intermediate load, which makes up the largest demand as it is essentially all demand that 

does not occur during night or peak periods. In this period dispatchability is essential since this is 

when demand is hardest to forecast, and a sudden rise must be met by immediate generation. 

Roughly speaking, base demand requires longevity and stability, while peak and intermediate 

demand require a high production capacity supplied within short generation times. Normally power 

plants specialize and are suited to supply one or the other depending on their design and 

technological limitations, but to supply both requires a high degree of versatility.  

   Yet STE plants can do just that if equipped with a storage system. Because STE generation is 

related to the position of the sun, the peak demand periods correlates with the period of time when 

the solar thermal plant is at peak production, and so the systems are well suited to match peak 

demand times42. Additionally, it is also able to supply base demands if equipped with a hybrid or 

storage system. Hybrid systems where gas-fired boilers provide additionally heat to back-up solar-

generated steam can raise a plant’s total output, while storage systems allow for continuous output 

by storing the solar heat collected during the day as a liquid or solid media such as molten salts, 

ceramics or concrete. After sunset, this heat can then be extracted from the storage medium to keep 

the turbine operating, extending the operational time of STE plants with six to 12 hours of 

storage43, and ensuring that it can meet both peak and base-load demands by supplying at night, 

during overcast weather, or as a back up in case of technical problems with the solar field.  

   While several RE’s can supply peak demand power levels, since this demand coincides with their 

output curves, geothermal, hydroelectric and STE are currently the only commercial renewable 

technologies capable of delivering base load capacity. The versatility and predictability that STE 

plants gain by being used as a base load power plant rather than a peak load facility alone, 

constitutes a significant competitive advantage over other more intermittent and uncontrollable RE 

sources such as PV and wind that do not have this option.  

                                            

42 Solel (2007) 
43 For example, the 50-MWe Andasol solar trough power plants (discussed below) are designed with six to twelve hours of thermal 
storage, which increases annual availability by some 1,000 to 2,500 hours (Mancini and Geyer (2006)  
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2.3.2 Defining the Various Plant Designs  

The two main systems used in STE technologies are parabolic troughs and solar towers, which vary 

according to the concentration devices, energy conversion methods, storage options and other 

design variables44. We have chosen to focus on trough and tower technology as both of these offer 

the storage opportunities described above.  

   – Parabolic trough systems45: Parabolic trough plants use parabolic curved mirror troughs to 

concentrate solar radiation onto metal receiver pipes that are embedded in an evacuated glass pipe 

running along the troughs in their aperture. The plants consist of large collector fields of parallel 

rows of troughs, usually arranged along a North-South axis allowing the mirrors to track the sun 

from east to west to ensure a continuous focus of the sunlight onto the receiver pipes. Because of 

their parabolic shape, trough collectors can focus the sun at 30-60 times its normal intensity, 

ensuring sufficiently high temperatures to be an effective fuel source46. 

   The efficiency of the plants is highly related to the cost, design and efficiency of its individual 

component parts. In parabolic troughs, the reflecting mirrors are usually made from low-iron glass 

yielding a reflectivity of up to 94 % (compared to a normal mirror that typically has a reflectivity of 

around 70 %)47. The receiver tubes use a heat transfer fluid, and various conductors are currently 

being tested. The use of synthetic oil as HTF limits the plants operational temperature to around 

400°C thus limiting its steam generating capabilities and power production; this is one of the main 

technological shortcomings of trough technology that still needs to be addressed.  

   At the time of writing there are two operational trough plant sites. The installations known as the 

Solar Energy Generating Systems [SEGS], located in the Mojave Desert in California, are the 

largest and only commercial operated solar thermal facility in the world, and use trough technology 

(for a further description of these plants, see section 3.3.1). The ‘Andasol’ plant in Andalusia, 

Europe’s first commercial STE plant, is also of the trough type. Because of the extensive 

knowledge derived from the operation of the SEGS, trough technology is considered a mature 

technology, with low technical and financial risks in the near-term48. The technology is 

                                            

44 European Communities Directorate, 2007. As mentioned before we will refrain from discussing the third option, Dish/Sterling 
engine systems, since it lies outside of our research area. To summarize briefly: The dish/engine system consists of a parabolic 
shaped dish made up of mirrors, which concentrates solar radiation onto a heat engine at the focal point of the dish. The heat engine 
operates a closed cycle in which a working fluid is pushing a piston, thereby creating mechanical work that can be converted into 
electricity. Despite the high solar to electricity conversion rate (up to 30 %) this technology is not suited for large scale MW sized 
plants, which is the main focus of this paper. For more information on dishes and Sterling engines see for example Gonzàlez-
Aguillar et. al (2007), or SolarPaces “Solar dish engine” (2002) 
45 NREL/DOE “Solar Trough Systems” (1998)  
46 NREL/DOE “Solar Trough Systems” (1998) 
47 SolarPaces “Solar dish engine” (2002;1) 
48 Sargent & Lundy (2003) 
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commercially available and has a proved a 14 % heat-to-power efficiency rate, delivering power at 

a LEC49 between 14-17 ¢/kWh 50. Furthermore the technology has proven investment and O&M 

costs due to the prolonged operations, which make it a more reliable choice for potential investors 

and producers.  

   - Central receiver systems (Solar Towers): The central receiver system uses large individually 

sun-tracking mirrors called heliostats to concentrate solar radiation to a receiver/boiler located on 

top of a tower. The heliostats are usually made up of several smaller mirrors canted towards a point 

on the receiver to form an entity ranging in size from around 70 m2, up to 120 m2. The mirror 

panes are slightly concave and sit atop a pedestal mounted with two engines with high gear ratios, 

to lower power consumption when moving the mirror. The concentrated solar radiation gathered by 

the heliostats is then used to heat a molten salt, which is pumped from a cold tank into the receiver 

and, after being heated, transferred to a hot tank. When power is needed the molten salt is led 

through a heat recovery steam generator to produce superheated steam in a Rankine-cycle, and then 

back in to the cold tank.  

 

 

Fig. 5 - A model illustrating the various components of a LUX Power Tower (LPT). 

                                            

49 The Levelized Energy cost [LEC] is the constant annual cost that is equivalent on a present value basis to the actual annual costs, 
which are themselves variable. (LEC in California (2007)). The LEC is a common measure of power plants, relating the capital cost 
of the facility, the variable costs of O&M, and fuel prices, with its annual electricity production. It is generally a preferred measure 
of cost because it provides a standardized basis for comparison between different technologies. For further detail see section 4.3.  
50 Solarpaces/Greenpeace (2005) 
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   Tower systems have historically been underdeveloped and -researched compared to trough 

systems, and only recently have they begun to gain ground as a credible alternative to trough 

technology. As of 2008 two demonstration plants using receiver technology are in operation in the 

EU, both of them located in Southern Spain. One is the 11 MW plant ‘PS10’, located at San Juan la 

Mayor (west of Seville), and other is the 15 MW ‘Solartres’ plant located at Ecija. In the USA two 

plants exist, Solar One and Solar Two, of which only the latter is still in use51.  

   In summary, trough technology continues to be more widespread, and while the technical 

feasibility of towers has been proven, the commercial viability is still to be demonstrated52. This 

explains why most STE promoters have chosen trough technology for their plants, and why it is 

only in recent years that the technical advances made in tower technology is being applied to 

commercial plants. But though proven operation has made trough technology the most credible of 

the leading STE technologies, its head start is expected to diminish as central receiver and other 

technologies are realized at a commercial scale; it is expected that the market will have a solid view 

of the potential offered by the various STE technologies by 201053.  

 

2.4 Technical Challenges and Future Prospects  

2.4.1 Technological Shortcomings of STE  

Although STE has over 20 years of research and operation behind it, the existing plants have 

mostly been semi-commercial, experimental facilities run by a handful of leading corporations. 

There continues to be a series of limitations in the technology, and unanswered questions that have 

limited the proliferation of STE technology54.  

   One of the main questions that remain unanswered is whether solar thermal plants can be built to 

the sizes necessary to compete with conventional fossil fuels. Right now the existing plants are 

mostly small, demonstration systems, and even though cost reductions are expected from scale-

ups55, there is a risk that production costs will rise once the construction is scaled up to competitive 

                                            

51 Solar One operated from its inauguration in 1982 until 1988. The Solar Two plant is a modified Solar One plant, using molten salt 
rather than water as heat transfer fluid; both are demonstration plants. For further information see footnote # 148. 
52 Gallego (2008) 
53 EER (2007) 
54 Keep in mind that this section deals only with the technological barriers to growth; a more comprehensive list of market barriers is 
given in section 3.6.2    
55 According to a study by Black & Veatch (2006), the cost per MW will be lower for high capacity plants, as cost per MW is 
expected to decrease from 4,943 $/MW in 2007 for a 100 MW plant, to 3,157 $/MW in 2015 for a 200 MW plant, i.e. a decrease of 
8.6% per year. (CSP Today (2008)) 
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sizes56, due to the logistics and maintenance issues that apply to larger plants.  

   Further restrictions are imposed by the geographic and climate requirements of the technology. 

Whereas cell-based solar technology can work on cloudy days, STE requires direct sunlight, which 

means the only practical places on earth plants can work at full efficiency are in deserts or dry arid 

regions. Simultaneously there is an issue of space, namely that the plants become extremely big 

when built to a competitive scale. In some way this is not a problem since deserts are normally 

uninhabited, however large plants may disturb local ecosystems and result in desert 

overdevelopment, and their height (in excess of 200 m. for towers) may attract opposition from 

environmentalist groups trying to preserve and protect desert environments57. Ultimately it is 

difficult to gauge and determine the environmental impacts of various plants, as it depends on the 

measure at use; for example, when looking at electricity output versus total size, STE plants 

actually use less land than hydroelectric dams (including the size of the lake behind the dam) or 

coal plants (including the amount of land required for mining and excavation of the coal)58.  

   Another major issue is the problem of transporting electricity, i.e. grid access and mobility. STE 

plants face significant difficulties when transporting power; even when pushed over sort distances 

there is a line loss of 7-9%, which is problematic since most plants are built far from major cities 

because of their space and irradiance requirements. Although 90% of the global population live 

within 2,500 km of desert59, many transmission lines in remote locations are too small for the 

amount of power demanded, leading to congested lines and connections60. From a technology point 

of view, cheaper and more effective high-voltage direct current transmission lines needed to be 

developed, but more importantly, implemented into the existing grid.  

   STE plants have a high water requirement, since water is used for steam-generation and cooling; 

additionally plants must be pressure-washed regularly to keep them working at top efficiency61. 

This all requires a significant amount of water, which is sparse in desert regions; a STE generating 

facility can be expected to consume approximately 2.3 – 2.6 million m3 of water per year for a 280 

MW capacity plant62. However, experiments with closed water loops that use an air-cooling system 

to change the produced steam back into recyclable water are taking place, but this method is costly 

                                            

56 For achieving cost efficiency, CSP plants (like fossil-fuel run plants) require plant size that range between 100 MW and 300 MW 
capacities (CSP Today (2008)) 
57 Bradely Jr. (1997) 
58 Mancini and Geyer (2006) 
59 2,500 km is considered a cut-off point, as longer transportation would result in higher transmission losses and higher costs 
(Romm (14/04/08)).  
60 Wald (26/08/08) 
61 Hutchinson (15/11/08)  
62 CSP Today (2008). Other figures list 103 million gallons per year for a 100 MW plant (Navigant Consulting (12/06/07; Slide # 
61)) 
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and lowers efficiency.   

   A major threat to competitiveness is that plant will always suffer from a loss/waste of energy any 

time you attempt to store it, and especially when you convert it from one medium to another. Due 

to inefficiencies such as friction, heat loss, and other factors, there is also a loss of energy in the 

thermal-to-electric conversion, which means that thermal efficiencies63 are typically much less than 

100%. For example a large coal-fueled electrical generating plant peaks at about 46%, and a 

combined cycle plant, thermal efficiencies are approaching 60%64. Currently trough has a storage 

efficiency of 93% and a receiver thermal efficiency of 73%65, but the overall round-trip efficiency 

for the entire plant is less than 20%66, and as a result there is a significant discrepancy between the 

designed optimal output capacity and the actual production output. It is possible to overcome some 

of this energy loss in combined cycle plants where an alternate fuel source picks up the slack, but 

overall increased efficiency is needed in the storage and conversion process to reduce waste and 

cost.  

   Overall the technology still has far to go. Design and engineering related improvements need to 

be achieved in developing cheaper concentrator component technology, thermal energy storage 

systems with low-cost fluids, and receiver designs involving efficient selective solar coatings. Also, 

improvements need to be made in systems integration and operations by reducing parasitic loads, 

optimizing startup procedures, and implementing better control strategies. In summary, lower costs 

on materials and more experience is required for the technology to achieve its full potential and 

competitiveness67.  

   Keep in mind that some of the conditions mentioned above such as the issues of storage and grid 

access apply unanimously to all thermal producers, but since STE is already expensive and 

underdeveloped, the added cost affect them relatively more. Also keep in mind that while some of 

these constraints are inherent in the technology, others are related to the low level of development. 

Therefore one must differentiate between what can be changed and what is intrinsic to the 

technology; the coming section will deal with the former category by examining the possible 

technological improvements expected in coming years and how these are anticipated to influence 

the competitiveness of the plants.  

                                            

63 The thermal efficiency is a standard dimensionless performance measure of a thermal device based on the relationship between 
the heat input and its achieved mechanical output, as expressed in a percentage ranging from 0-100% (Howell and Buckius (1987)) 
64 GE – H System (2009) 
65 Sargent  & Lundy (2003). As noted before, both the storage and thermal efficiency rates are very competitive; the thermal 
efficiency is further expected to increase to around 85% by 2020  
66 The full process from solar collector to steam transfer to turbine to generator to electricity (Ortega et al. (2008)) 
67 Tyner et al. (2001). Madrigal (06/03/08) 
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2.4.2 Future Prospects  

The future of STE is as promising as it is uncertain. In response to the problems listed above, 

researchers are experimenting with new technologies, materials and processes to increase 

efficiency and lower cost. Anyone studying the sector must look beyond current conditions and 

examine what the expectations for reductions in production costs are, as well as what effects this 

might have on the competitiveness and investment attractiveness. STE has a large cost reduction 

potential resulting from technological advances, with most of these expected in the mid to long 

term i.e. 2015-2025 (see appendix Fig. 15). However a number of technical improvements are 

within reach and could make a significant contribution to cutting costs of STE electricity 

production. In this section we will focus on the near term potential since this is most relevant for 

entrants and investors because of the difficulty of pricing risk associated with technical issues.  

   American engineering and energy consultant company Sargent and Lundy have pointed out two 

near term technical aspects of the trough technology that must be addressed in order to lower LEC. 

These findings are further confirmed in the U.S Department of Energy [DOE] report “Solar Energy 

Technologies Multi-Year Program 2007-2011”.  

   - Improvements relating to the central components: A major way to reduce the total costs of the 

solar field is to reduce the production costs of the solar collectors, the most expensive component in 

trough technologies. The nearest term cost reduction potential are found in the mass-production of 

trough components resulting from plant scale-up, increased production volume and rising industry 

competition (i.e. economies of scale). Equivalently, similar potential exists for the production of the 

heliostat concentrators used in power tower technology; in a June 2007 report, the U.S. Department 

of Energy's Sandia National Laboratories concluded that central receiver energy production would 

become economically viable if the price of its single largest cost contributor (the heliostat) could be 

significantly reduced. These reductions would come from better optical properties, lower cost 

structures, new heliostat designs such as large-area heliostats, and better mechanic controls.  

   One specific attempt at cutting costs in trough technology lies in the development of Fresnel 

reflectors (see Fig 5). These reflectors approximate the parabolic shape of a conventional trough by 

using fixed receivers placed above plane mirrors arranged in long rows that track the sun. The 

concentrator design with flat mirrors is considerable cheaper to produce than parabolic shaped 

ones, and the overall design further limits wind loads and increases packing density, thereby acting 

as a cheaper alternative to the conventional parabolic troughs, which consist of more expensive 

curved, moving mirrors and pricey evacuated tubes. By replacing the hand-built troughs with such 

mass-produced standardized modules, the Levelised Energy Cost [LEC] can be cut from an 
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estimated 16-18¢/kWh to 10.4¢/kWh right away and potentially to 7.9¢/kWh, which is less than the 

cost of coal-fired power, in three years time68. However, since there is a trade-off between cost and 

efficiency, this change in materials lowers the overall efficiency and output of the plant. Like many 

of the other technologies, this still only exists in demonstration plants, and has yet to be scaled up 

to cost-efficient sizes.  
 

 

Fig. 5 - Fresnel reflectors at the ‘Plataforma Solar de Almeriá’69 

          

   Further ahead lies the development of lighter solar reflectors with higher reflective coating that is 

more repellant to soiling. This will allow for lighter support structures and reduce the power 

requirements of the tracking engines, as well as lower the frequency of mirror washing, which 

lowers maintenance costs.  

- Improvements in thermal energy storage and heat transfer abilities: In order to further promote the 

competitiveness of thermal power plants, peak operating temperatures must be increased; an 

increase from 390°C to 450°C, would raise the power-cycle efficiency from 37,5% to 39,6%70. 

This appears to be feasible by switching the HTF from synthetic oil to more efficient conductors, 

such as the ternary molten-salt nitrate, Hi-tecXL, which has proved the most promising.  

 

                                            

68 Kho (13/12/07) 
69 © 2009 German Aerospace Center (DLR) 
70 U.S. DOE “Solar Energy Technologies Multi-Year Program Plan 2007-2011” (2007;71) 
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   – Hybrids and combined cycle plants: As mentioned before, plants operating a single 

thermodynamic Rankine cycle generally suffer from low efficiencies whether powered by solar or 

fossil fuel. A more favorable use of fuel is found in a combined cycle system [CC] using two 

thermodynamic cycles, essentially combining the heat/steam-based Rankine cycle with the gas-

based Brayton-cycle71. In this form of combined cycle, a fuel source (normally a fuel oil or natural 

gas) is combusted and the heated exhaust gasses are used to power a gas turbine in the first stage of 

electricity production. The hot gasses are then led to a heat exchanger to produce superheated 

steam to power the steam turbine in the second stage, thus expanding the temperature range the 

plant can convert to energy. CC plants have proven to be particularly popular for electricity 

generators in the past decade, due to the availability of cheap gas.  

   Such hybridization possibilities are also available to STE producers: the Integrated Solar 

Combined Cycle System [ISCCS] has been proposed as a way to introduce solar thermal 

contribution into existing CC power plants, thereby lowering the higher risks associated with 

building a solar only plant. The ISCCS combines the two-cycle system described above, using STE 

as the fuel source. The solar thermal contribution is introduced into the Rankine-cycle stage of 

electricity generation in order to augment the steam level. To facilitate the use of the solar produced 

steam, the steam turbine is typically oversized by between 25 % and 50 % beyond what the turbine 

can produce in the combined cycle only mode72.  

   In addition to the benefits mentioned above, a CC plant is especially beneficial to an emerging 

technology like STE, since it helps stabilize production and provides learning possibilities from the 

experiences of the more mature gas production methods. Construction costs are also lower: 

conventional high pressure steam turbines requires strong, bulky components, and the high 

temperatures produced require expensive alloys made from nickel or cobalt rather than cheaper 

steel. Gas turbines have a higher power-to-weight ratio, and since they are smaller and require 

lower temperatures, lower quantities of less expensive materials can be used for construction. 

These benefits, along with the cheapness of natural gas, ultimately lower the total costs to a stage 

where STE plants can be considered competitive; a reference example for how much combined 

cycles can lower LEC would be as follows73:  

 

– A conventional CSP Trough system without CC: 9.5 US¢/kWh  

                                            

71 The Brayton-cycle is a thermodynamic cycle that describes the properties of converting heat to mechanical energy by burning of a 
gas to power a gas/combustion turbine. 
72 Charles, Davis & Smith (2005;8)  
73 Horn, Führing & Rheinländer (2004). Findings are from a case-scenario study, run for solar and fossil fuel plants in Egypt. 
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– A conventional CSP Tower system without CC: 10.2 US¢/kWh 

– Compared to an integrated solar combined cycle system (ISCCS) variant: 3.1 US¢/kWh74.  

 

   For reference, a fossil fired combined cycle plant of identical annual total electricity production 

following the same daily load profiles would have an LEC of 2.4 US¢/kWh, which means that a 

CC system brings STE technologies close to achieving parity with competing fossil fuel plants. At 

this stage such plants only exist as theoretical abstractions, but several ISCCS plants are currently 

under construction, for example the 470 MW and 150 MW plants being constructed by Spanish 

producer Abengoa in Morrocco and Algeria; these plants are expected to open in 201075.   

   The most important consequence of these hybridization possibilities is that CSP can be integrated 

with existing power plants, as well as offering a stable output, which is necessary if the technology 

is to be of interest to private investors. However the long-term goal for producers is independent 

solar-only production, in order to validate the technology that it can function without the reliance 

on stabilizing fossil fuels, and to reduce emissions as much as possible. 

 

   – Learning Curves and Expected Effect on LEC: Aside from the individual technical advances 

mentioned above, an important concept to consider is the idea of learning curves, i.e. the way in 

which costs decline through increased investment and operating experiences, as measured by 

cumulative investment (i.e. corporate and sector growth)76. These include the development of new 

materials and design concepts through R&D, opportunities for batch production and economies of 

scale, the reduction of lead-times for investments, knowledge sharing, and more rapid feed-back of 

experience.  

   This process is currently underway, as the sector is undergoing a movement towards making the 

various experimental plants commercially operational. For example, different technologies are 

being investigated in the Spanish experimental plants mentioned above, in order to verify cost 

estimates for minimum plant size, thus minimizing associated financial risks. Once these estimates 

have been verified the plan is to scale up such plants and others like them to further verify cost 

reductions stemming from increased production and learning curve progressions resulting in falling 

O&M costs. Future cost reductions are expected to come from a combination of plant scale-ups 

(i.e. larger plants), increased production volume, and further technological innovation77. 

                                            

74 The total LEC was equal for both Trough and Tower variants. 
75 Abengoa (21/04/08)  
76 Stern (2006;253) 
77 World Bank, GEF (2006) 
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   Because of the advancements being made within the industry, STE plants will eventually be able 

to match the price of natural gas plants, which generate electricity at about 9.2 ¢/kWh, in about a 

year; within three years, it will match the cost of coal-fired plants, which is about 6 to 8 ¢/kWh 78. 

In the long-term, these technical advancements coupled with the high growth rates within the 

industry (approx. 25% per year), will lead to the development of STE plants that can reach up to 31 

GW per. year by the year 2026, and the price of one KW is expected to vary from $0,06-0,08 per 

KWh (to be corrected by Inflation Index)79. 
 

2.5 Section Summary and Future Consequences 

To summarize, the technology behind STE meets many of the demands required for the 

competitive production of a clean and inexhaustible fuel source80:  

   - STE produces a carbon-free electricity through the use of a no-cost fuel with infinite reserves 

accessible to both industrialized and developing countries (i.e. solar energy). The use of a reliable 

input fuel stabilizes costs, which is a major competitive advantage over fossil fuel generators whose 

main fuel input’s cost fluctuates with total demand.  

   - STE can produce a stable flow of power that can be stored to match electricity demands. In 

contrast to other renewables such as wind and PV, the electricity produced from STE is not as 

intermittent and hard to store and can be produced in greater quantity, thus guaranteeing that it can 

meet the generation demanded at peak and base demands. 

   - STE plants are cheaper and quicker to build than its immediate competitors PV, nuclear, ‘clean 

coal’, or Integrated Gasification Combined Cycle (IGCC) produced coal plants. If built to scale, 

STE plants have the potential to produce energy at a price that is competitive with competing 

renewables like nuclear, clean coal and PV. 

   - Their design is similar to traditional thermal plants, which makes them more attractive options 

for utilities already familiar with such designs. Plants can be built relatively quickly compared to 

other conventional thermal plants like coal and nuclear that require long lead times, which causes 

significant disparities between the demand and the supply81. 

   - Once they are built, plants have a limited need of personnel, and can be run by as little as 15 

employees (e.g. at Nevada Solar one). Likewise, there is little need for on-site engineers or 

                                            

78 Marshall (2007) 
79 Arkesteijn & Maresch (2007) 
80 Romm (14/04/08) 
81 Solel (2007) 
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administration; instead plants can be remotely administered from a distance82.   

 

   Despite these advantages and the fact that STE is a proven and reliable technology that has been 

known in one form or another for over 20 years, the market penetration continues to be very low. 

This is mostly due to the fact that most plants so far have been experimental, and it is only recently 

that larger scale plants have become profitable enough to be grid-connected. But macro-economic 

changes such as a rising oil price, substantial subsidizing schemes made available from a growing 

number of governments worldwide, and more and easier accessible funding from private and quasi-

governmental funds, give promise of STE technology that could be cost competitive with 

conventional fossil fuelled plants in the next 10 to 15 years83, provided that their output can be 

successfully integrated with existing power markets. Solar thermal technology is expected to move 

from being a relatively modest renewable energy source to a significant contributor in 2040, 

alongside current market leaders like hydro and wind power84. Today’s total installed capacity of 

approx. 350 MW is expected to exceed 6,400 MW by 2015, an 18-fold increase. Looking further 

ahead, the annual installation rate is expected to increase to 4,600 MW/year by 2025, and total 

installed capacity around the world could reach 36,850 MW by that time85. 

 

Section 3 – An Overview of the European Energy Industry 

and the Global STE markets 

Now that we have properly described the different technologies and their respective properties, we 

move on to examine the conditions of the various energy markets, in order to gain some 

understanding of a) their properties (i.e. the volume, productivity, location of the markets), b) their 

drivers (i.e. what stimulates growth or decline within the industries), and c) the consequence of 

these factors.  

   We will begin by providing a short introduction of the EU’s energy industry as a whole, since 

STE is but one sector within the entire industry; therefore it is necessary to understand the whole in 

order to put the individual parts into perspective in terms of size, mode of operation etc. This will 

then lead to an examination of the global STE markets in section 3.2     

                                            

82 Romm (14/04/08) 
83 Greenpeace/SolarPaces Report (2005;4). See appendix fig 15. 
84 Greenpeace/SolarPaces Report (2005)  
85 Greenpeace/SolarPaces Report (2005). 
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3.1. The European Electricity Industry  

3.1.1 The Structure of the Industry and the move Towards Deregulation 

The electricity industry is composed of three parts, namely the generation, transmission, and 

distribution of power, which have historically been combined or separated to various degrees. 

Traditionally, the electricity industry has been classified as a ‘network industry’, because a crucial 

part of it relies on the access to a network (i.e. grid access), which in turn produces a natural 

monopoly situation where it would be detrimental to society to maintain more than one network 

due to the high fixed costs and inefficiency of laying down multiple grids (i.e. one firm can produce 

a desired output at a lower social cost than two or more firms). Because of this and because 

electricity is considered a public good86 and, as such, a vital component of any modern society, the 

industry was and still is subject to political regulation.  

   Recently, the perception of the industry as a natural monopoly has changed and the deregulation 

and separation of the transmission network and the actual generation has opened for a consolidation 

of the European electricity industry. The foundations of a liberalized electricity market was made 

with the treaties of Rome in 1957 and Maastricht in 1993; with these treaties the EU agreed upon 

the creation of a single market with free movement of people, goods and capital. Initially the 

supply of electricity was considered a service rather than a good, and as such not included under 

the single market, however the full liberalization of the electricity industry was put in force with 

Directive 96/92/EC in 1996, which in turn saw an unbundling of several national incumbents that 

had been characterized by their high vertical integration along all levels of the value chain, from the 

generation of electricity (the good) to the supply of electricity (the service)87.  

   Past and current reform efforts are driven by political pressure to develop a free competitive 

market in place of the old national monopolies, by opening up markets to allow third party access 

under the supervision of a systems operator. The opening up of markets means that an increased 

number of generators and consumers are allowed to negotiate the trade of electricity in national 

markets, and for this ensure that this happens, suppliers and generators are assured access to the 

grid to settle negotiated energy transactions for delivering electric energy88.  

   Under the new liberalized structures, each national market is broken into three distinct 

                                            

86 I.e. those who fail to pay for it cannot be excluded from enjoying its benefits and one person’s enjoyment of the climate does not 
diminish the capacity of other to enjoy it (Samuelson (1954), in Stern (2006)). 
87 OECD/IEA (2001)  
88 Meeus et al. (2008)  
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submarkets: wholesale, balancing and retail. The retail market simply consists of households 

buying the electricity from a provider. In the wholesale market, which is the main focus of this 

paper, suppliers cover their consumption portfolio in advance through long-term and forward 

contracts. However, since it not possible to predict exact consumption it is necessary for suppliers 

to fine tune their supply by agreeing daily and even hourly contracts in spot markets, and so the 

balancing market takes over from the wholesale market at gate closure, when the market commits 

the electricity. This balancing market is managed by a transmission system operator [TSO], whose 

task it is to balance the market and ensure a stable energy supply through the provision of ancillary 

services89 under government supervision. In order to become an access responsible party and gain 

the right to deliver electricity to an end user, the electricity supplier must sign a contract with the 

TSO; each supplier then informs the TSO of their unit commitment to the system, which the TSO 

uses to balance load and generation.  

   This degree of intervention in the last market is necessary because even though the generation of 

electricity has been liberalized, the transmission system is still deemed a natural monopoly, which 

accounts for how congestion and bottlenecks continue to hinder full integration of the national 

electricity markets of the EU. Despite the fact that each national market has been broken down into 

the previously mentioned submarkets, these markets do not apply uniformly across member states 

because transmission usually coincides with national borders, and for this reason incumbents 

continue to enjoy a preferential status in many countries despite the legal unbundling of generation 

and transmission. There is essentially a trade-off between supply stability provided by monopolies 

with a guaranteed energy source who centrally control the market, and a more competitive scenario 

where supply is cheaper and supplied from a larger variety of sources, but also in a more unstable 

and erratic fashion.  

3.1.2 EU Generation Fuel Mix – Where do Renewables Figure In?  

The general liberalization of the energy industry coincided with the similar liberalizations of other 

related network industries, and in result a number of companies exploited this to become energy 

conglomerates that encompass electricity, gas and heat. Previously national firms have expanded 

their activities and are now present in several countries and markets; the seven biggest are E.On, 

RWE, Enel, EDF, Vattenfall, Endessa and Electrabel. Of these companies EDF and Vattenfall are 

                                            

89 Defined by the Federal Energy Regulatory Commision in 1995 as "those services necessary to support the transmission of electric 
power from seller to purchaser given the obligations of control areas and transmitting utilities within those control areas to maintain 
reliable operations of the interconnected transmission system". The FERC identifies six specific services: reactive power, voltage 
control, loss compensation, scheduling and dispatch load following, system protection and energy imbalance. 
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particularly interesting in terms of their generation portfolio; EDF generates 88 % of their total 

electricity output using nuclear power90, while Vattenfall generates almost 22 % of their electricity 

output using hydropower91.  

   Despite these figures, European electricity generation continues to be heavily dependent on fossil 

fuels (as exemplified in Appendix Fig. 14). However recent years have seen a switch from coal and 

oil to natural gas with the emergence of highly efficient combined cycle gas turbines, as described 

in section 2.4.2.2. Power plants of this type benefit from considerably lower capital costs as well as 

shorter construction times, which have made them attractive in liberalized competitive markets that 

tend to favor less risky and capital-intensive projects. 

3.1.3 Deregulation and the Consequences for the STE Sector 

Deregulation is having a profound effect on the energy market; competition is tougher across all 

sectors, and rapid changes in market structure and legislation make the markets more volatile. 

These changes place greater demands on utility companies, who are ‘bulking up’ to own and 

operate generation, transmission and distribution assets in several national markets. This is done to 

promote economies of scale and scope and to formally link transmissions systems, but also because 

the leading utilities look to be as diversified as possible across geography, customer base and fuel 

sources.  

   It is still unsure whether deregulated markets will have a positive or negative effect on RE 

production. Increased competition will spur utilities to buy from the cheapest technologies like 

coal, hydroelectric and nuclear power, which is a considerable disadvantage to RE that continues to 

be expensive per generated KWh. Furthermore their low supply stability means that larger reserves 

are necessary, as well as expensive investments in extending and improving the existing grid 

systems to become more flexible in terms of cross-border interconnections and the possibility of 

load management. Finally, with the intense internal competition to gain market share and the low 

profit margins on power projects, Independent Power Producers [IPPs] are increasingly hesitant to 

take risks on advanced technology like STE plants. As a result, it is deemed to be very difficult to 

introduce a new technology into the marketplace92. However, it is also argued that technologies to 

make generation, transmission and distribution more efficient that have lain dormant under the 

former industry structure because of a lack of incentive to promote them, might be unleashed in a 

                                            

90 http://energies.edf.com/accueil-fr/la-production-d-electricite-edf/la-production/france-122105.html 
91 www.vattenfall.com 
92 Tyner et al. (2001) 
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competitive market93. New technological and innovative pushes are expected to result in efficiency 

in moving electricity, less pollutant technology and the proliferation of smaller distributed networks 

closer to consumers.  

   In the most deregulated markets, consumers can select several different grades of electricity from 

several electricity suppliers, which puts pressure on utilities to keep a varied portfolio of 

technologies, and opens up the opportunity for different kinds of energy to become competitive. 

Another consequence of consumer choice is the emergence of target segments willing to pay a 

premium for luxury goods94. Competition is expected to motivate electricity suppliers to pay closer 

attention to customer’s wants, as the ability to understand and serve customer’s precise needs will 

drive loyalty, market share and ultimately profit95. Utilities looking to offer the most competitive 

and risk-free portfolios can diversify by investing in green energy for service and stability reasons. 

Offering clean energy is one of the only non-cost related ways for utilities to differentiate and 

distinguish their products in the minds of consumers; it can be offered as a luxury product, since 

early studies and polls have shown that consumers are willing to pay more for energy that comes 

from renewable sources96. In spite of these opportunities, the long-term effects of liberalization on 

the choice of low-carbon technologies will ultimately depend upon the production level and 

predictability of the technology, coupled with the amount of subsidy they receive97.  
 

3.2 Defining the STE Segment  

3.2.1 Problem: How to Define an Industry that Barely Exists?    

When attempting to analyze the STE sector, one quickly encounters the problem of defining an 

industry that is constantly changing as it is being created. Because of the developing state of the 

industry, and the fact that there are currently only a handful of commercial plants from which to 

draw experiences, the analyst quickly discovers that there are a significant lack of figures and few 

evaluation reports to go by98. In fact, the recent and sudden interest in STE has been based more on 

                                            

93 Makansi (2002) 
94 Makansi (2002;31-32) 
95 Makansi (2002;27) 
96 Makansi (2002;47/99) 
97 Jamasb & Pollit (2005)  
98 To clarify: data does exist for some STE plants, but these are mostly of the trough variety, while the performance of central 
receiver technology remains largely undocumented. Secondly the existing data is often too sparse, too outdated, and not 
representative enough to be a final determinant of the technology as a whole. Also the measures used in various investigations differ 
from study to study, which means that not all of them are applicable to this paper e.g. many studies do not differentiate between high 
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the inherent properties of the technology and their promising qualities, than the actual results 

obtained in practice, which are too few and too speculative for any definite conclusions to be drawn 

from them. There is, however, one area of little doubt: if the construction of but a single plant has 

the capacity to double the world’s output of solar-thermal capacity99, then it is clear that a) we are 

dealing with an industry is in its infant stage, and b) some very big plants are being built … 

quickly!  

   To compensate for this lack of empirical data, we have diagnosed the current STE market as it 

adheres to a proven and tested theoretical framework, using the theory to ‘fill in’ a few of the 

missing blanks. For this purpose we have selected Michael Porter’s theories on Emerging 

industries; not only does this theory provide a shared vocabulary for analyzing particular types of 

industries, but it also allows the scholar to generalize from the general to the specific by providing 

the necessary information needed to substantiate estimates and predictions.  

 

3.2.3 Analyzing the STE Industry in Accordance with Emerging Industry Theory 

Due to the current properties of the STE sector, we have classified it as an emerging industry. 

According to Porter emerging industries are “ newly formed or re-formed industries that have been 

created by technological innovations, shifts in relative cost relationships, emerging or new 

consumer needs, or other economic or sociological changes that elevate a new product or service 

to the level of potentially viable business opportunity”100. This description is particularly relevant to 

the STE sector, where the changes have largely been driven by technical advances, shifts in relative 

costs between fossil fuels and renewables, as well as the recent demand for dispatchable levels of 

clean energy. The full implications of what it entails to be an emerging industry, in particular the 

risk involved, will be examined in later sections, but for now we can identify the main properties of 

emerging markets and see how they apply to the current STE sector.  

 

   – Small Markets and High Growth Rates: Emerging industries are characterized by being small, 

often nothing more than a handful of companies testing new technology. Yet if the technology is 

                                                                                                                                              

and low temperature STE technologies, and therefore do not fit the criteria for our investigation. Finally, while it is possible to find 
usable figures for plant technology, the problem is most severe when trying to perform financial analysis on individual producers 
whose structure and finances are vague or undisclosed altogether.     
99 Kho (13/12/07) in reference to Ausra’s 700-megawatt production plant in Las Vegas, which opened operations in April of 2008.   
100 Porter (1980). It should be noted that there is one significant difference between traditional emerging markets and the current 
STE markets, namely that the technology has existed and been subject to continuous research since the 80’s. Therefore it cannot be 
considered completely new, dormant, only the wide scale practice and application of it on commercial markets.   
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promising, new entrants will quickly enter the market, usually by imitating key technology and 

business structures. This is similarly true of STE; markets are currently limited in size and scope, 

and growth has been driven by single companies operating in selected production sites, a typical 

quality of emerging industries101. Yet seeing as they are growing from a small initial base, the 

markets are also enjoying tremendous growths rates102; therefore the two conditions should always 

be seen in light of one another.  

   That being said, there is no doubt that the STE market is currently booming; it has become the 

fastest growing utility-scale RE alternative after wind power, with up to $20 billion expected to be 

invested in CSP over the next five years103. The sudden explosive growth that began around 2005 

and has continued till the present, has resulted in what can be termed a ‘second wave’ of STE; at 

the time of writing there are 4 operational solar thermal plants/parks in the world, but approx. 16 

more are in construction, and 40+ have been announced for development in the future104. Among 

the most ambitious plants in development are the solar park by PG&E and Solel energy to be built 

in the Mojave desert (expected output 553MW)105, not to mention the record-shattering $2.51 

billion plant that Solar Millennium is building in the northern Inner Mongolia Autonomous Region 

of China; by the projected completion date in 2020 that plant will be able to provide 1,000 MW, 

essentially becoming the first STE GW provider in existence106. There are over 5,800 MW capacity 

in the planning stages world-wide107, with around 3.7 GW expected to be online by 2013108.  

   The main drivers behind the high growth rates tend to be a shared excitement over a new 

technology and its ability to supply a previously unfilled latent demand. As the industry evolves 

from an emerging industry to a full-fledged high growth industry, speculators will invest to profit 

off the industry growth rates, or the chance to sell their initial investments later at a premium or 

when the market enters a secondary trading market. However, though it is tempting for investors 

and analysts to get caught up in these growth rates, theory tells us that the high growth rates of 

emerging industries also reflect that they are growing from a small and modest base. Therefore the 

question one always has to consider when facing growth rates of this type is: a) how long can they 

keep up at the same pace, and b) how much will they pewter when the industry reaches maturity?  

- High risk, high volatility and uncertainty, high profits: Apart from high growth rates, the defining 
                                            

101 See section 3.3.1. on the SEGS 
102 The combined average growth rate of CSP capacity over the last five years has been at around 250 percent (Gallego (2008) 
103 EER (2007) 
104  For a description of the 4 existing plants see section 3.3. For a regularly updated list of STE plants, see:  Wikipedia “List of Solar 
Thermal Power Stations” (08/03/09) 
105 PG&E News (25/07/07) 
106 Dou (2006) 
107 EER (2007) 
108 Caratori (22/10/08) 
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feature of emerging markets is that markets are subject to high risk due to an expressed absence of 

rules. According to Porter, this lack of formalized rules and time-tested practices comes to 

expression in seven ways:  

1) Technological Uncertainty – What will best product configuration be? Best production 

technology?  

2) Strategic Uncertainty – Poor information about competitors, customers, and industry 

conditions, entails the lack of one, clear ‘right’ strategy.   

3) High Initial Costs but Steep Cost Reduction – Low volume & new processes lead to high 

costs. Initial high labor contents may rapidly reduce with learning. Rapid cost decline as scale & 

learning grow. 

4) Embryonic Companies & Spin-Offs – High concentration of new companies and spin-offs.  

5) First Time Buyers – Marketing task of inducing substitution or getting buyer to purchase new 

product over something else  

 6) Short Time Horizon – Expedient handling of problems. Industry conventions often born out of 

chance.  

7) Furthermore, emerging markets are often highly subsidized. Though this stabilizes markets in 

the long-term, it can often result in short term uncertainty as individual legislation is adopted, 

changed and dropped under various administrations.    

   This absence of rules has several consequences. Companies competing in emerging markets are 

faced with rapidly changing micro-environments, uncertainties about the practical implementation 

of key technology, and a lack of legislation and infrastructure, all of which makes doing business in 

such industries especially risky. This high level of risk will influence the performance of the 

companies, whose primary concern will be to raise enough capital for the necessary R&D financing 

needed to create competitive technologies. Since the companies are investing heavily to establish 

themselves and their technology they may often be unprofitable, and the large initial start-up costs 

may result in negative cash flows. Investors will consequently face a similarly uncertain task; 

traditional fundamental analysis may not be applicable as a sufficient way to evaluate the 

investment and growth potential at this stage, and other more refined methods of evaluation may 

have to be employed (see section 4.3)109. An emerging industry can expect to see a high degree of 

both entry and exits, as many pioneering companies present in the initial stages are subject to 

bankruptcy, development failure and poor consumer acceptance of the new product.  

                                            

109 Van Bergen (2009) 
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   In another scenario, the lack of competition and the presence of what may be a monopoly on new 

technology and markets can result in select companies becoming extremely profitable. Similar to 

the industry growth rates, these profits may be high initially, but the explosive growth is usually 

limited to the short-term because the high level of uncertainty and lack of entry barriers in the 

developing market will lead to rapid imitation and strategic convergence amongst players110. This 

is especially true in high-tech industries, where companies faced with large profit margins, 

specialized technology and high risks will often neglect to consider trade-offs, choosing instead to 

invest indiscriminately in every product area in the hopes of cashing in. Such a strategy, or rather 

lack thereof, is of course only possible for a short while, as it is based more off overall market 

growth rates, which are certain to subside, rather than the performance of individual firms111.       

 

    – Cluster-type development patterns: The final influential facet of the STE market is that it 

closely follows cluster type development. Porter (1998) defines clusters as “geographic 

concentrations of interconnected companies and institutions in a particular field”. More 

specifically, clusters encompass an array of linked industries and other entities important to 

competition, such as suppliers of specialized inputs and providers of specialized infrastructure, 

suppliers of complementary products, and even governmental or academic institutions. Like 

emerging markets, clusters often arise from one or two innovative companies that stimulate the 

growth of many others springing up around the central plants, which act like ‘anchors’112. 

Additionally, clusters have emerged out of SME policies and thus tend to focus on smaller 

companies and start-ups. This is precisely the case of what happened in STE sector, where 

spearheading companies and favorable government policies sparked the emergence of areas that 

exhibit cluster like tendencies.  

   In the case of STE, it is at present possible to identify two production clusters that also serve as 

the sector’s main markets: the American southwest more specifically the Mojave desert, and the 

southern parts of Spain, near the Andalusia region113. These regions can be considered both factor 

endowment clusters owing to the specific geography and climate needed for large scale STE 

production, and technology clusters, since they are dependant upon the other plants in the area and 

the existence of an energy grid that can handle the amount of power produced114. Furthermore these 

                                            

110 Porter (1996) 
111 Porter (1996) 
112 Europe INNOVA “Innovation clusters in Europe” (2007) 
113 EER (2007) 
114 In the case of the American Southwest, the cluster also constitutes a historic know-how-based cluster, as we shall see in section 
3.3.1.  
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markets have evolved due to legislature that favors the technology, and the Spain cluster especially 

grew from a direct wish to create a RE cluster because it was seen as a matter of national 

importance.  

   Clusters are considered important because of their positive effects on growth and competition. 

According to Porter (1996) clusters have the potential to affect competition in three ways: - by 

increasing the productivity of the companies in the cluster, - by driving innovation in the field, - by 

stimulating new businesses in the field. An expanding cluster amplifies the collective pool of 

competitive resources to the benefit of each member, thus advancing the cluster members relative 

to rivals in other locations. The localized presence of many competing businesses will lead to 

intense competition for contracts, employees, components, and technical first mover rights. This is 

turn drives the members to be more efficient and cost competitive, which benefits the industry as a 

whole in a process of self-reinforcing growth. An interesting facet of clusters is that they not only 

tend to promote competition, but also cooperation among the members; these two forces can 

coexist because they occur on different levels among different players, who all have a vested 

interest in the growth of the cluster. By collecting several interconnected parts of the value chain it 

is easier to bargain against governments, to reduce or avoid transaction costs, to build a pool of 

qualified employees, and to share costs on infrastructure and similar public goods that benefit the 

industry.  

   Being a high-tech, knowledge intensive industry that is comparatively small in size and influence, 

it is easily conceivable why STE markets should evolve in clusters. Though standard components 

are not rare, it makes sense to be in close proximity to providers of specialized equipment, 

especially in the case of many competing technologies, where each producer tries to promote his 

own and therefore faces the risk of supply-based bottlenecks. Finally the need for a strong unified 

lobbying effort and for STE-promoting infrastructure such as sufficient grid strength and access, 

could be leveraged through cluster-based cooperation. 

   A nuance that may be of some relevance to this case is that successful clusters increase their 

global reach by attracting people, technology and investments, serving global markets, and 

connecting with other regional clusters that provide complementary activities in global value 

chains115. Since the STE markets and value chain are comprised of a series of companies that span 

geography but all work in the same location, it is more precise to say that the cluster is comprised 

of a series of hubs and nodes. The hubs and nodes theory is a geographic model that builds on 

Porter’s cluster theory, by explaining how linked regions can cooperate to fulfill elements of an 
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industry's value chain and collectively gain sufficient mass to drive growth; in short it takes 

advantage of modern technology to facilitate cluster-like development independently of geographic 

proximity. In the globalized world, it is not uncommon that a modern value chains will place R&D 

in one region (abundant in knowledge workers), manufacturing in a second region (abundant in 

low-cost or specially skilled workers), and distribution from a third location (with proximal access 

to markets and distribution channels), while still gaining the effects normally associated with a 

cluster116. A main feature of this theory is that the geographic regions do not need to excel in all the 

stages of the value chain – it only needs access to all the elements117. In the case of STE, R&D 

takes place in knowledge intensive areas such as Germany, component parts like heat collection 

and mirrors also come from Germany and Israel, while production and actual markets are in Spain 

and the US.  

   It spite of the benefits mentioned, it may be too early to draw conclusions on how significantly 

the cluster benefits will affect the sector. Due to the emerging state of the sector, the STE clusters 

still have holes in the value/supply chains (see section 4.1 and 4.2), which not only stunts the 

growth of the cluster but also leaves it more susceptible to failure, since emerging clusters where 

only a few companies and maybe one research institution are present, are likely to have limited 

impact and a significant failure rate118. Since the global STE markets are still underdeveloped, and 

considering that they lack the full participation of all players along the value chain, it would be 

more appropriate to say that the emerging markets are exhibiting cluster-like tendencies rather than 

to call them qualified clusters. Because of their low stage of development they constitute weak 

clusters rather than full-fledged scale clusters, but this is not uniformly negative, since weak 

clusters are also considered promising cluster, characterized by their capacity for perpetual 

innovation, a steady upgrading of goods and services, and by a process of increasing specialization 

and upgrading of human capital and other factors119. This is true in practice as well: as the STE 

markets grow the missing holes are rapidly being filled, for example with the establishment of new 

manufacturing and component plants in the Mojave and in New Mexico120 or technological 

institutes in Spain, motivated by demand-based push and pull mechanisms. 
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3.2.4. Conclusions on the Properties of STE Markets.  

Not surprisingly the theoretical analysis paints a clear and accurate picture of the STE sector: it is 

composed of small niche markets with high growth potential. These markets develop as weak but 

promising clusters, and market players face high risk and uncertainty due to largely unproven 

technology. Finally the RE markets are highly policy driven. These factors will be taken into 

account when conducting further market analysis in sections 4 and 5.  

 

3.3 Description of the Global Market for Utility-Scale STE  

The aim of this section is to describe the current markets for STE, and in the process, to identify – 

Where, when and why was STE first developed? - Why did it eventually become obsolete? - Why 

is it suddenly relevant to talk about again?  

   Of the 4 operational plant sites in existence, the major site, which could in many ways be 

considered the heart of the STE industry, is the collection of plants in the Nevada desert known as 

the Solar Electric Generating Systems [SEGS]. Since these plants are not only the forerunner of 

STE technology, but also a good study in the mechanisms that are conducive or deterrent to further 

development of the industry, we find it relevant to study the case in some detail.   

3.3.1 The SEGS – A Case Study in the Development of STE  

   For the past 20 years and up until 2004, the only commercially operated STE power plants in 

existence have been the Solar Electric Generation Systems (SEGS), located at Dagget (SEGS I-II), 

Kramer Junction (SEGS III-VII) and Harper Lake (SEGS VIII-IX) in the Mojave Desert, 

approximately 160 kilometers northeast of Los Angeles. This collection of plants has a 354 MW 

installed capacity, making it the largest installation of solar plants of any kind in the world (by 

comparison the largest PV plant, the solar park at Jumilla, Murcia in Southeastern Spain, produces 

23 MW). Florida Power and Light Company (FPL), the owners of the SEGS plants, claim that the 

plants displace 3,800 tons of pollution per year, power 500,000 homes, and that their energy 

displaces 2,000.000 barrels of oil annually121. Yet in spite of this the plant began, and in many 

retains its most important function as, the sole showcase and testing grounds for an underdeveloped 

new form of renewable resource.  
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   The facilities were built between 1984 and 1992 by the Israeli-American company LUZ 

Industries Limited, the first commercial developer of private CSP projects. In the aftermath of the 

70’s energy crisis, energy companies began to look for alternative forms of energy that might 

lessen their dependence on oil and fossil fuels. In 1978 the federal government responded with the 

establishment of the Public Utilities Regulatory Policies Act [PURPA], which provided tax 

incentives for investment in renewable energy through a proto-feed-in rebate system. The PURPA 

offered long-term contracts of 10-15 years, at a fixed rate tariff, which provided the necessary 

stability needed to incite experiments in new forms of renewable energy. This state guarantee, 

along with an on-peak rate for electricity in summer afternoons, and high fossil fuel prices in 

general, made it possible for LUZ to negotiate a long-term power purchase agreement [PPA] for 

solar generated power with the local power utility Southern California Edison [SCE]. LUZ not only 

served as the project developer, but also financed the operations through a group of private 

investors, and spearheaded the planning and construction of the plants themselves. Over the years 

development continued, and seven further plants with an electric capacity ranging between 30 and 

80 MW were added every year until 1992, which led to continuous development of the solar trough 

technology, and the increasing possibilities of significant cost reduction. Similarly, continued 

experience in the ongoing O&M of the facilities has lead to further cost reductions.  

   But by the mid-1990’s a series of socioeconomic conditions had changed – at only $12 a barrel, 

oil prices seemed set to stay low, which led investors away from research and development projects 

in alternative energy. Also, natural gas reserves in Canada were made available to the US markets 

in the mid-90’s, which sent natural gas prices plummeting and made STE less competitive by 

comparison. Aside from internal changes in the energy market, several of the main state and federal 

incentives that made the plants feasible to begin with were drawn back, and the State of California 

did not renew the PURPA. These factors combined contributed to LUZ's bankruptcy, and in 

consequence the further development of the SEGS project stalled throughout the 90’s122.  

   After the collapse of LUX, the sector experienced a long period of dormancy, and it has taken 

almost 10 years before that same composition of factors once again changed to the benefit of STE. 

In response, new STE technologies that had been researched and developed while the sector stalled 

were fully tested and eventually implemented. The SEGS were revived as the plant’s new owners, 

Solel, who acquired the rights to the plants after LUX’s bankruptcy, implemented new mass-

producible solar trough fields based on the LS-3 design developed by LUZ, which increased the 
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productivity of the plants and made them more cost-effective as a result123. Electricity costs from 

current SEGS trough technology have been reduced by 50% during the last 15 years, and they are 

now at 10 to 12¢/kWh124.  

   These technological breakthroughs coupled with several micro and macro economic factors have 

contributed to the resurgence of solar thermal power, resulting in the new millennium’s ‘second 

wave’. For one, competitors are weaker: after the heavy use of them in the 90’s, natural gas and 

coal prices have gone up alongside the rocketing oil prices because of decreasing supply and 

increased demand125. In addition, coal and gas plants have gotten more expensive to build; banks 

have begun to include the risks of climate change legislation in their pricing for power plant loans, 

and the raw construction materials used in power plants has become more expensive126.  

   Also, competing renewables such as wind and PV energy edged out CSP in the 90’s because they 

were seen as better investments given the environmental climate at the time, and in result 

received most of the funding and public attention at the expense of STE. However, after heavy 

investment in the mid to late 90’s, these technologies have since reached maturity and plateaued 

somewhat, making them more expensive by comparison, and so investors and analysts looked for 

new high-growth companies that might give the renewable sector some wind in its sails. Finally, 

new legislative requirements in support of RE in the US and EU, coupled with successful public 

and private research partnerships have revived STE plant technology in general127.  

   Yet in spite of all these factors, it is in large part the good operational experience of the SEGS 

plants that have motivated the second wave of STE plants in the early 2000’s128. Many of the 

scientists and engineers who had worked on the initial SEGS plants, moved to other start-up 

companies when LUX went bankrupt, and the information and experience that had been gained 

from testing at the SEGS fields has since been put to use at plants around the world. This has 

resulted in STE plants generally becoming more efficient and stable, increasing their viability as 

legitimate competitors, and vicariously their potential attractiveness.  

 

   – Consequences and implications drawn from the SEGS case study: From this case we can draw 

out a few noteworthy tendencies that might aid our understanding of what mainly drives investment 
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in STE129.  

1) The prices, supply and demand of alternate forms of fuel, in particular fossil fuels, but also 

competing forms of renewable energy.  

2) The presence or lack of government incentives and subsidy schemes. This is in large part 

determined by the public’s demand for alternate forms of energy, and the general public climate 

and attitude towards RE.              

3) Economies of scope and scale, which not only reduces costs but bring about technology gains, 

advance the learning curve, and create the necessary infrastructure.   

4) Furthermore, the Mojave Desert environment has become a hub for energy companies, meaning 

that technology and information transfers can take place (spill-over effect), an able workforce is 

available, and a competitive market can be sustained.  

   In summary, the competitiveness of the STE markets appear to be determined by a wide series of 

influencing microeconomic, macroeconomic and social factors that must all come together to create 

the proper environment for industry growth. A change in the configuration of these factors will 

influence the overall demand and ability to supply, ultimately shifting the balances of power within 

the sector. These balance of factors have so far appeared in a delicate cyclical pattern, but the 

recent prolonged growth is motivated by what appears to be permanent shifts in the macro-

environment, which raises the hope of industry insiders that the current wave is enough to establish 

a proper enduring market.   

3.3.2. Beyond SEGS – A Description of the ‘Second Wave’ and Other Existing Plants  

It is interesting to note how many of the reasons behind the initial STE boom in the 1980’s are 

repeating themselves in the new millennium: the high prices on fossil fuels, public demand for 

clean energy, and the need for energy independence. On top of this there are a few new significant 

factors not present in the 80’s, which contribute to make the current growth conditions even more 

significant. For one, the RE segment as a whole is more mature and competitive, with more 

varieties of increasingly competitive technologies and actual markets with functioning value 
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chains. This is largely due to an unprecedented amount of greater, more integrated government 

support on complementing levels. Industry lobbying efforts and complementary pro-solar 

institutions are also more prolific and better organized. These factors were combined with the easy 

access to cheap and available debt and private funding for project finance in the early millennium, 

motivated by high interest rates, attractive loans, and tax-deductible investments.  

   The second wave was formally initiated in June of 2007, when the ‘Nevada Solar One’ plant 

went on-line, thus marking the completion of the first US STE plant in 15 years130. Since it is the 

first plant built during the recent solar thermal boom, this parabolic trough plant is seen as an 

important catalyst in the widespread adoption of recent solar thermal technology. It is also worth 

noting that the plant was built in collaboration between the Spanish energy conglomerate ‘Acciona 

Solar Power’ and American ‘Solargenix’, and utilizes the PTR 70 solar receiver designed by 

German technology group SCHOTT; the plant is therefore a good representation of the increasingly 

international STE environment, where German, Spanish, Israeli and Australian producers and 

suppliers along the value chain all compete (and cooperate) to provide their services to the most 

lucrative global markets – an example of the cooperation/competition dynamic present in clusters 

and emerging industries.  

   Spain is the world leader when it comes to grid-connected solar power. Though photovoltaics 

comprise the majority of this power, STE has gained momentum recently because of Spain’s 

favorable weather conditions and incentive structures. Currently there exist three operational solar 

plants, of which the two, the 11 MW ‘PS10’ solar tower and the 50 MW ‘Andasol’ trough, are 

commercial and grid connected, while the last plant, the ‘Solar Tres’ tower, is still in development. 

These plants, partially funded by the EU, are the first STE plants in Europe, and are in many ways 

forerunners for European STE adoption. The PS10 plant is the first STE power plant to be tied to a 

national grid, and as the first power tower to enter commercial service this project is considered a 

milestone in the development of solar thermal technology131.  

   Besides the production of electricity, the function of these new plants is to act as testing grounds 

where experiments can be conducted in testing and scaling connectivity with the power grid, and 

implementing new technologies. For example, Solar Tres makes use of the Solar Two132 

technology tested in California, but is approximately three times the size and has incorporated 
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several advances in technology that have been developed since Solar Two was designed and built. 

Its improvements include a larger heliostat field and a high-efficiency thermal storage system, 

which will enable the plant to operate 24 hours a day during summer, producing 110.6GWh/year 

with an annual capacity factor of approx. 74%133.  

   Similarly the Andasol Plant makes use of a newly developed molten-salt thermal storage system, 

which allows the plant to generate electricity and to dispatch the power demand at any time, which 

ensures the rated power capacity. Without thermal storage, the solar resources in the Marquesado 

del Zenete valley where the tower is located would only allow about 2,000 annual equivalent full-

load hours; with the thermal storage system it has increased its annual full-load hours to 3,589134. 

These new plants are good examples of how old technology is continually improved upon, tested 

and eventually implemented in a semi-cooperative fashion that ultimately benefits the industry as a 

whole.  

3.4 The Major Markets and Players  

As can be inferred from the above information, the production of STE power plants is currently 

limited to a few leading countries in a few cluster-type geographical areas. Roughly speaking there 

are at writing two major players in the field of STE: the U.S. and the EU135. Though other countries 

are experimenting with STE technology136, we have singled out these 2 due to the existence of 

experienced providers (technology and infrastructure), attractive locations (available land and 

appropriate climate), and the available resources and capital (government or private funding) to 

create sustainable and competitive markets.  
 

3.4.1 The United States  – Taming the Untamed West      

By 2008, the U.S. had just over 3,400 megawatts of installed solar power, of which 418 MW came 

from utility-scale STE (i.e. approx. 8% of total solar power production)137. STE development has 

accelerated dramatically since the beginning of 2007; more than 2,800 MW of solar thermal 
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value chain are spread across the union which promotes the opportunity of important international cooperative efforts. 
136 This is not to say that there are not other countries investing heavily in STE, among them Australia, Israel and the Middle East. 
These countries have the climates and companies to develop successful markets, but they have yet to attain cluster like growth. 
137 Solar Energy Industries Association (SEIA) Industry Data: http://www.seia.org/cs/about_solar_energy/industry_data 



 

 49 

projects are in some phase of development nationwide and could be completed by 2012, the same 

year that solar thermal generation is expected to reach its maximum growth of around 21%138. In 

total, up to $20 billion is expected be invested in concentrating solar power between 2008-2013139.   

   As a market, the US has several advantages that make it an attractive area for STE production. 

The insolation in the Mojave desert is among the best available in the world, and at least 250,000 

square miles are suitable for STE generation as the area in question receives more than 4,500 

quadrillion British thermal units (Btu) of solar radiation a year140. These geographic advantages are 

coupled with other obvious advantages of the U.S. namely its geographic size and closely situated 

population. Add to this the historical knowledge accumulated at and around the SEGS, as well as 

the increasing entry of new RE-related firms at both ends of the value chain, and it is clear to see 

why the U.S. is one of the world’s fastest growing STE markets. Yet in spite of these factors, the 

current market penetration of STE continues to be low, as bulk or central-station solar power 

represents only .05 % of total U.S. generation capacity141. The fact that the sector is not more 

developed reflects the historic lack of interest in RE from both public and private sides.  

 

 

Fig. 6 Depiction of Solar Insolation in the U.S. and Germany 

   As demonstrated in Fig. 6, the U.S. has the far superior market in terms of size and climate 

conditions, yet Germany currently has eight times the installed solar capacity of the entire U.S. due 
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to its supportive policy framework142.  

   The issue of government support is a main determinant of STE evolution in America. 

Historically, the US has had few overall federal policies in place to support RE, and those that exist 

have been “limited, sporadic, uncertain and at times, regressive”143. Instead, individual states have 

been left to form their own policies, with varying results. So far RE support has not been a 

concentrated effort, and in contrast to Europe market forces have been preferred to centralized 

intervention as the main determinant of power generation supply and demand. Though there has 

been a history of policy support, this has essentially been limited to the efforts and actions of key 

players and forerunners such as California, who have relied on quota systems in the form of 

Renewable Portfolio Standards to promote Renewable Energy Technologies [RETs]144. This 

approach has produced an unsystematic industry that varies greatly from state to state in terms of 

legislative requirements, market development, and deregulation. This issue pervades the entire U.S. 

electricity industry, including transmission and distribution, and the country that once pioneered the 

deregulation of energy markets in the 80’s with legislation like the PURPA, has since fallen behind 

in the liberalization process in direct comparison to equivalent countries145. 

   However, recently the situation is improving as rising oil prices and talks of energy wars, have 

promoted energy to becoming a public concern with mainstream media appeal. This added focus 

and consumer concern has prompted reactions at both state and federal levels. Recently new energy 

laws have been passed that greatly benefit the U.S. solar sector, for example California's renewable 

energy laws, which requires investor-owned utilities to generate 20% of their power from 

renewable sources by 2010, and 33% by 2017146. Following suite, Nevada, Arizona, New Mexico 

and Colorado all require between 15 and 20% of their power to come from renewable 

sources147. On the federal level, the bill to extend the all-important Federal Production Tax Credits 

for renewable energy was recently approved. The bill, which guarantees renewables an inflation-

adjusted tax credit per. kWh generated, breathed life into the U.S. renewables sector, not only by 

providing a direct subsidy, but also by providing the long-term policy certainty needed to attract 

investment and expand manufacturing capacity148. Looking ahead, industry insiders are hoping that 

a new presidency will place greater centralized focus on supporting and advancing RE. So far the 

path has been laid by the newly passed ‘American Recovery and Reinvestment Act of 2009’, which 
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includes several provisions to stimulate the growth of the STE industry149, and the appointment of 

Stephen Chu a pioneering researcher on solar power and an advocate of a nationwide expansion of 

the electric grid, as energy secretary150.  

   These recent moves look to advance the status of STE, but because the U.S. has been slow to 

adopt utility scale renewable energy, many foreign firms already have a leg up in technology and 

market access. This lack of a genuine STE production sector entails that the U.S. primarily serves 

as an STE market, but the market, while potentially profitable, is very susceptible to politically 

motivated legislation changes, as well as environmental activist activities, political lobbying, not to 

mention competition from rival energy companies, many of them entrenched fossil fuel giants that 

dominate the market. Another major issues concerns the problems of an aging transmission grid, 

which is especially detrimental to STE since it would impair their ability to carry energy from the 

southwest states to the rest of the union151. Coupled with an uncertain financial environment, these 

factors could deter the much-needed entry of foreigner developers into the American markets152.  

3.4.2 The EU – A Study on the Influence of Government Policy           

While much of the research in RE stalled in the U.S. after fossil fuel prices fell and subsidies were 

removed in the early-90’s, many European countries like Germany, Austria and Denmark took the 

technology and continued innovating153. This innovation coupled with the implementation of 

progressive policies in support of RE have lead these countries, and the EU in general, to become a 

leader in RE technologies. Not surprisingly Europe is also fast becoming the world leader in solar 

thermal technology, as demonstrated not only by the number of plants under construction in Spain, 

but also by the ownership and construction of new plants in the U.S. and the international tendering 

of plants in other markets that are being awarded to European companies154. Furthermore the region 

has the benefit of being home to several leading STE developers and lead R&D centers such as the 

CIEMAT, (Spain), the German Aerospace Centre [DLR], and the Fraunhofer Institute for Solar 

Energy Systems (Germany), which have carried out numerous initiatives for advancing STE 
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technology155 . By 2020, European STE capacity is expected to be approximately 2.5 GW, with 1 

GW in Spain and the remaining 1.5 GW being split between France, Greece and Italy156 . 

   The union has prioritized investment in the development of the STE sector as part of its overall 

dedication to fulfilling three key objectives in the development of its energy technology: lowering 

the cost of RE, facilitating the efficient use of energy, and placing European industries in the 

leading position in low carbon technologies157. By working towards the achievement of these goals, 

the EU hopes to create lead markets in a few targeted member countries that will act as drivers for 

similar investments in other nations. Spain in particular has benefited greatly from these efforts by 

combining its federal policies with EU schemes to achieve greater financing and stability for its 

STE projects. The 3 Spanish plants received a total of € 45 Million under the EU’s ‘Framework 

Programmes for Research, Technological Development and Demonstration of the European 

Union’, and the union will continue to promote solar research in the coming years under the 7’th 

Framework Programme (the FP7, running from 2007 to 2013), totaling € 50 billion158.  

   Currently the European STE sector is still relatively small, dominated by SMEs that are rapidly 

growing into larger businesses due to the high growth rates of the sector (20-30%)159. The annual 

turnover of the solar thermal sector in the EU is estimated to be more than € 2 billion; however, 

most of this is in low-temperature STE, which has been the sole area of research until recently. 

Much of this research has taken place in northern Europe, while only the Mediterranean countries 

(primarily Spain, Italy and Greece) have the space and temperature available to produce cost 

competitive large-scale, high temperature plants. Another problematic issue is that solar energy 

development is currently only focused in a few countries, which dominate the market (Germany, 

Austria, Greece, Spain)160. Therefore, rather than focus on the EU in its entirety, we have signaled 

out the two countries that are of particular interest because of their respective achievements within 

the STE field. Germany has primarily been chosen because it is the market leader in solar 

technology and RE in general, and Spain has been chosen because it is the on-grid leader in STE, 

as well as the only EU country with commercially operating STE plants. 

  

   – Germany: Traditionally, Germany has always relied heavily on its vast fossil fuel resources, but 

following the energy crisis of the 70’s and the Chernobyl nuclear accident of 1986, the country 
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experienced a political shift towards the development of a clean energy industry that would lessen 

the its dependence on conventional energy. To help facilitate the development of this industry, a 

series of policies and initiatives were established, the corner stone being the feed-in-tariff system 

implemented under the ‘Electricity feed-in-law’ of 1990161. This directive requires by law that 

utilities connect all RES generators to the grid and purchase the energy produced at a discounted 

price. What started out as a small bill exclusively for hydro and wind power has since grown to 

incorporate solar and biomass as well, and been amended several times through a trial and error 

process to continually ensure the highest efficiency and applicability. Germany has set ambitious 

goals to increase the share of renewables as a percentage of total energy consumption to 4.2% by 

2010, 10% by 2020, and 50% by 2050162, and the efforts seem to be paying off, as the country’s 

total greenhouse-gas emissions declined 18% between 1990 and 2005163 

   Since the countries climate is best suited for PV and low temperature STE solutions, Germany’s 

solar research has mostly been focused around this technology, and to great success; the country’s 

solar electric market has grown 43% between 2000 and 2005164, and in result Germany has become 

the largest solar heating market, with 47% of the global share165. Furthermore, over 40 companies 

produce solar power components in all stages of the production chain, and the solar power sector 

employs 20,000 people and achieved a turnover of € 1.7 billion in 2004. 

   Though Germany is a European leader in low and medium temperature uses of STE, in general 

STE only comprises a fractional portion of total RE capacity and does not figure heavily into the 

country’s overall energy plans, as evident by the fact that STE is not included under the countries 

feed-in scheme166. In spite of this, much of the technological development taking place within the 

STE industry is based out of Germany167, since leading German technology providers and project 

developers of STE such as MAN Ferrostaal AG and Solar Millennium provide much of the 

engineering know-how and technical expertise needed to build and run the plants in other markets.  

 

   – Spain: Spain is the leading producer of STE, and the fourth largest manufacturer in the world of 

solar power technology overall 168. Part of the reason is that Spain has more available sunshine than 

                                            

161 The ‘Stormeinspeisungsgesetz’, which was later replaced in 2000 by an updated renewable energy law, the ‘Erneubare-
Energien-Gesetz’.  
162 Mendonca (2007;45). It has in fact already met the 2010 target, since the 2007 share of renewables was 14%. It has now set a 
new target of 27% by 2020. 
163 Blue (24/04/08). For reference, the U.S. emissions went up 16% in the same period.   
164 Mendonca (2007;44) 
165 Mendonca (2007) 
166 Mendonca (2007;54)  
167 EER (2007) 
168 Environment News Service (30/06/06). The country exports 80% of this production to Germany, reinforcing the close ties 
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any other European country, which makes it a naturally attractive location for solar investments. 

With poor domestic energy supplies, Spain is far more energy dependant than other EU countries, 

which increases the need for energy autonomy and provides a strong incentive for progressive 

legislation169; the energy market was one of the first in Europe to undergo liberalization, with 

private firms operating the national electricity system. The success of renewable resources in Spain, 

is also in large part due to the government’s ”Real Decreto 2818/1998”, a program initiated in 1998 

and updated every 4 years to keep up with the evolution of the energy markets. This law provides 

the legal framework for a ‘special regime’ applicable to RE producers, which sets down that all 

producers of electricity are incorporated into the grid, and establishes tariffs to promote the 

production of electricity from RE sources, by committing utilities to purchase the RE at a 

wholesale price plus premium170. The Spanish government is committed to achieving a target of 

12% of primary energy consumption and 30% of electricity production171 from RE by 2010, with 

an installed solar generating capacity of 400 MW, and the Royal Decree is an important piece of 

legislature in the goal to reach those targets.  

   In terms of STE, the main legislative breakthrough came in March 2004, when the 436/2004 

version of the decree not only consolidated the changes made in ’98, but further removed economic 

barriers to the connection of ST technologies to the electricity grid. This equalized conditions for 

large-scale solar thermal plants, who were not include under the ’98 version; per the agreement, the 

Spanish government provides a subsidy of 0,18 €/kWh172 in addition to the pool price, and allows a 

limited use of gas to support the electricity produced by the STE plant, providing stability to the 

industry and ensuring the profitability of plants. The amendment also allows producers the choice 

of selling their product on the free market though a bidding system, thus providing the STE 

producer with greater flexibility and freedom173. If all this sounds familiar, it is probably because 

the Spanish decree was heavily inspired by, and uses similar policies as, the German feed-in-

schemes, and though there are several discrepancies between them, both systems have driven their 

respective countries to achieve the highest European increase of electricity generated from 

renewable sources174. The implementation of Feed-in-Schemes has proven to be a successful 

strategy for Spain, and has lead to a well-emerged high-technology industry with positive impacts 

                                                                                                                                              

between the two RE leaders. 
169 Garcia (2007) 
170 For solar energy, the premium is set at 250% of the average electricity tariff (Mendonca (2007))  
171 Garcia (2007) 
172 Upped to 0.26 €/kWh under the most recent RD 661/2007 (Garcia (2007)) 
173 Mendonca (2007) 
174 Mendonca (2007) 
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on the domestic labor market175; in fact, Spain ranks as the most attractive country in the world for 

renewable energy projects176, and the feed in law has provided the most stable regulatory 

environment for creating a slow but steady growth path for STE, as exemplified in Fig. 7177.  

 

 

Fig. 7 – The foreseeable evolution of the STE surface capacity (m2) for Spain 

 

   However a limitation to guarantee the success of the Royal Decree might be that the tariffs are 

guaranteed for short-term periods (i.e. they are renewed every year), which implies a higher risk for 

investors that might deter investment, especially in less mature technologies such as STE. For 

example, some analysts believe that the feed-in-tariff will be reduced in the royal decree of 2011, 

causing the construction of STE plants to diminish significantly in result, although it is not known 

how significant these cuts will be178. Also, it is incorporated into the decree that projects should be 

carried out ‘as Spanish as possible’, for instance by favoring Spanish companies, the Spanish 

banking sector, or Spanish facility operation179. This is unfortunate since Spain has few specific 

firms with enough capacity to supply the materials needed for STE, and need the presence of 

foreign suppliers to build a strong independent STE value chain.   

                                            

175 Wenzlawski (2003) 
176 Garcia (2007) 
177 EER (2007) 
178 Gallego (2008). The rationale behind the cut is that there will be enough CSP plants at the time and that the technology will be 
significantly evolved to compete with other renewables and fossil fuels on free market terms.   
179 Wenzlawski (2003) 
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   – Potential plans for the EU region – the TREC: According to a report from the Prometheus 

Institute and Greentech Media, the STE market could be worth up as much as $200 billion by 2020. 

Much of that investment is expected to come from Southern Europe and Northern Africa180; Italy, 

France, Portugal and Greece are already on the cusp of breaking through with CSP developments, 

as are countries like Algeria, Egypt, Iran, Israel and Morocco. The EU-MENA region is thought to 

be particularly promising because international synergy allows member states to combine their 

respective strengths: the technical knowledge end experience of European firms, with the financing 

power of the Middle Eastern OPEC states, with the geographically advantageous locations of the 

African deserts. An STE plant located there can generate three times the energy that would be 

possible in Germany for the same investment181. The long-term goal is to use STE in conjunction 

with other renewables to create a ‘clean area’ that could power the entire region, and to facilitate 

the development of cross border business models and grid connections, which still stands as one of 

the major hurdles for the success of large scale STE applications182.   
   

3.5 Looking Ahead – Defining Potential Markets for STE   

We have already examined the existing STE market and determined the two most attractive ones, 

but since an analysis of the potentials of STE is in many ways a forward-looking endeavor, it is 

necessary to look at possible locations where future markets have a realistic chance of developing. 

By potential markets we mean locations where no fully developed markets currently exist, but 

where the necessary conditions exist for the production of plants and markets.  

   The location of STE plants is in many ways limited by certain geographical constraints, i.e. the 

regional areas with enough direct insolation for the investments to be feasible, as well as the 

necessary 1.000 – 1.500 sq. km. required the production of large-scale plants. This entails that the 

physical requirements of the solar power collectors determine, to a certain degree, which countries 

make suitable places for investment.  

 

                                            

180 Hodge (2008). In 2001, the Italian parliament approved about $100 million to support CSP  
development and the implementation of a first 50-MW CSP plant in Italy (Tyner et al. (2001)), and overall the southern European 
countries are looking at improved regulatory incentives to drive 3,200 MW of capacity installation by 2020 (EER (2007)). 
 
181 Llyod-Jones/CSP Today (2009) 
182 Arkesteijn & Maresch (2007) 
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Fig. 8 - Areas with sufficient direct insolation for STE to be commercially viable 

 

   As graphically represented in Fig. 8, the most promising regions of the world are the South-

Western United States, Central and South America, North and Southern Africa, the Mediterranean 

countries of Europe, the Middle East, Iran, Israel, the deserts plains of India, Pakistan, the former 

Soviet Union, China and Australia183. Developing countries in Asia, Africa, and Latin America – 

where half the population is currently without electricity and sunlight is usually abundant – 

represent the biggest and fastest growing market for solar-based power producing technologies184, 

while the most attractive markets are India, China, and the Middle East, the first two for obvious 

reasons, the last because of the available capital and the increasing desire of the policy makers to 

lessen their dependence on oil by diversifying into alternate fuel sources185. However, since it 

remains pure speculation at this point, we will not examine future markets in detail, but briefly 

mention the pros and cons of doing business in developing markets and countries.   

   The main rationale behind entering new markets is to reap the potential first mover advantages: 

demands may be greater due to high power needs (one-third of the world's population remains 

without electricity), and energy prices will be lower than in the more mature and competitive home 

countries. First mover advantage can also be gained in laying down grids based on specific 

technology that followers will have to adapt to once they eventually enter the market. In this 

respect STE producers have the advantage of not requiring too many specialty materials, which 

means they can basically produce the metals for the plants locally or ship in cheap commodities. 

                                            

183 Greenpeace/SolarPaces Report (2005;4) 
184 US DOE (2001) 
185 On particularly interesting example is the UAE’s Masdar clean tech fund, a US$ 250 million private equity fund dedicated to RE 
sources (CSP Today (2008)) 
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Additionally, desert areas may be more common, electricity more scarce and natural gas 

unavailable in foreign markets186.  

   The drawbacks however are significant; they include long travel distances to remote areas, poor 

transportation and energy infrastructure, a lack of trained personnel, and low literacy rates187.  Also, 

when doing business in emerging economies there is always an element of additional risk, and 

producers should expect to face cultural issues, poor institutional infrastructure and a lack of 

legislative support188. Finally, markets in emerging economies lack the benefits of existing clusters.  

   Ultimately the assessment of whether it is more profitable to attempt to create markets or to enter 

existing ones will depend upon the individual’s risk preferences and estimation of risk vs. potential 

growth. However, based on this short review it is our conclusion that even though these markets do 

present significant prospective gains in the mid to long-term, stable production in developed 

countries is needed before the technology can be exported to developing countries. Though it may 

make sense to target these countries first from a preventive approach, environmentally/abatement 

speaking, it is still too risky from a financial perspective. The STE sector is already subject to 

above average risks to begin with, and so companies should avoid incurring the additional risk of 

entering an emerging economy with unstable structures in the start up phase. Since STE projects 

require long-term commitment (through the establishment of long-term contracts, capital-intensive 

investments, and government negotiations) it is better to take time making the initial entry 

decisions, than to rush in and make bad once that have to be corrected later, sending mixed signals 

to the customers and incurring extra costs of relocating or of renegotiating contracts.  

 

3.6 Market drivers and Barriers 

Being a new-founded sector highly dependent on the competitive environment, the cost and 

competitiveness of individual firms within the STE sector are largely related to the level of industry 

maturity as a whole. Therefore it is relevant to study the mechanisms that promote or discourage 

the growth of STE markets, termed market drivers and barriers respectively, since this will indicate 

the scale and scope for future opportunities.  

                                            

186 Bradely Jr. (1997) 
187 Mendonca (2007)) 
188 Arnold & Quelch (1998), Lecture by Niels,Mygind (“Theories on Business strategies in Emerging Markets” (2007)   
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3.6.1 Key Markets Drivers  

At present time, the growth of the STE sector is primarily driven by a ‘threefold convergence’ of 

influencing factors189:  

 

   – The development of cheaper and more effective technology, which will lower overall costs by 

increasing production capacity and output stability, as well as lowering construction times and 

installation costs (as noted already in section 2.4.2). 

 

   – Government legislature and the demand for utilities to comply with policy objectives and other 

legal requirements at national and international levels. As seen in both the U.S. and EU examples, 

the existing plants could not have been built without the aid of preferential government schemes 

that help overcome the intrinsic market barriers in emerging industries. Governments can help on 

two levels, either by influencing the market on the micro level (i.e. through subsidies or other 

preferential treatment of renewables that increases their competitiveness), or on the macro level (by 

setting up information centers, establishing codes and standards). Following is a short resume of 

the most influential and widely used alternatives.     

   The most direct and effective way to influence energy markets is through financial incentives, 

which include tax exemption, the access to credit facilities, and third party financing mechanisms 

such as loan guarantees190. There are primarily two ways of designing financial incentives. The first 

is a quota-based system such as Power Purchasing Agreements [PPA] and Renewable Portfolio 

Standards [RPS], which has been the primary system of use in the U.S., U.K. and Japan, and is 

considered to be preferable in market-oriented countries191. Under quota systems, utilities are 

obligated to provide a fixed percentage of electricity though renewable resources. In exchange for 

meeting the prescribed standards, utilities receive certificates, which can be traded or sold for extra 

income. By requiring by law that energy suppliers include a minimum portion of RE in their supply 

mix, governments can create initial market demand for these products, which would help lower the 

                                            

189 Ron Pernick, the co-founder and managing director of Clean Edge, (the co-creator of the NASDAQ Clean Edge U.S. Index), 
quoted in Ransom (25/05/08) As an appendage to this threefold convergence, one might add that recent press and growing 
awareness from media and consumers on the availability and benefits of new STE technologies creates demands for these products 
and puts pressure on governments and utilities to respond accordingly. 
190 A loan guarantee essentially entails that if STE producers default on their loan for any reason, the government would step in and 
pay the default. This form of aid would be especially applicable to STE producers, since guaranteed loans would reduce the risk of 
building a plant by eliminating some of the high up-front costs of constructing the plants, ultimately lowering the LEC (Romm 
(14/04/08)). Loan guarantees such as those offered for nuclear plants, are projected to lower the interest rates on STE projects from 
the previously noted 12%, to around 5-6%, and in turn lower the LEC to around 2-4 cents (David Mills in Fehrenbacher (11/09/07)) 
191 Mendonca (2007)  
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manufacturing curve and promote economies of scale192.  One important element to consider is 

that, because of their design, quota systems tend to favor the cheapest technologies; since it is not 

specified how utilities have to fill their quotas, they tend to choose the most low-cost options first 

(which is most often wind or hydro power). But the cheapest energy sources might not always be 

the most effective ones, and so in result other technologies such as STE may be ‘held back’ 

because they aren’t as far in their development and haven’t achieved the same cost reductions 

through scale economies and the exploitation of learning curves. This ultimately works against the 

small, infant technologies that often require the aid most, and therefore slows the overall transition 

to a diversified clean energy economy193.   

   The other main subsidy scheme is the implementation of feed-in-tariffs [FITs]. Similarly to 

quotas, the overall goal of tariffs is to guarantee a fixed supply of RE, but while quotas attempt to 

do this by targeting the demand and quantity, feed-in-tariffs focus on the price of energy. Under a 

tariff scheme, the price per unit that a utility or supplier has to pay for renewable electricity is kept 

at a premium, which allows electricity generators to sell renewable energy sources at a fixed tariff 

for a determined period of time194. In other words the regional or national electricity utilities are 

obligated to buy the energy produced by the STE plants at above market rates set by the 

government. This extra sum is meant to reflect the social and environmental benefits of RE (or 

conversely the external costs of conventional energy), in addition to providing an acceptable return 

on investment and increased investment security for financiers and generators. FITs are considered 

one of the most effective legislative tools, with the alternatives deemed poor by comparison195. 

However it should be noted that this form of subsidy has mostly been effective within the field of 

wind power and solar PV, and has only recently (2006/07), begun to apply to CSP as well.    

   For subsidy schemes like quotas and tariffs to be most efficient, they often have to be coupled 

with regional schemes, as well as further policies. These include liberalizing energy markets and 

restructuring the energy sector to introduce competition and remove control mechanisms, as well as 

aiding cross-border initiatives to make tariff schemes applicable to electricity imports from high 

solar radiation areas in neighboring countries. This is especially relevant in the EU, where energy 

monopolies have influenced the current market conditions; by breaking up old monopolies and 

allowing unrestricted entry to electricity generation, governments would create a more level 

playing field for all competitors and increase competition. Aside from these micro-economic 

                                            

192 Romm (14/04/08) 
193 For more con’s see (Mendonca (2007;68)) 
194 Mendonca (2007) 
195 Mendonca (2007), World Future Council (2007), Menantea, Finon &Lamy (2003) 
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changes, governments can help by taking more generic actions to remove barriers on the macro 

level. This would include financing the necessary human and institutional capacity, setting up R&D 

infrastructure to create an enabling environment for investment (by creating geographic hotspot and 

cluster promoting initiatives), and raising public awareness by promoting information and 

awareness campaigns. There appears to be a consensus196 that a multi-pronged policy that targets 

various aspects on both the regional, federal and international levels, will be most successful in 

promoting RE deployment (but obviously not the most affordable). 

   Though STE markets benefit greatly from government subsidies, there are a series of risks that 

must be considered when dealing with industries that are heavily reliant on policy outcome. By 

tying their business so directly to central legislation and policies, STE companies become 

extremely susceptible to the capricious whims of government. Changing administrations may 

advocate conflicting policies that could prove to make or break billion dollar investment schemes 

in factories, plants, technology etc, and the reliance of government schemes is in itself somewhat of 

a high-risk strategy, especially since STE investments are long-term and difficult to change once 

plans have been laid and construction has begun. A lack of certainty or clarity about long-term 

policy directions creates confusion and uncertainty, which deters investment from third party 

investors.  

   Since all energy producers are vying for a limited amount of government funding in a zero-sum 

competition, there is a significant constraint on available funding. Therefore the industry is 

susceptible to a high degree of lobbying and rent seeking that anyone wishing to invest in the 

energy sector must be prepared to contend with. Similarly, there is a possibility that governments 

can distort the market by unintentionally creating unleveled playing fields, for example when 

determining which companies are eligible for loan guarantees. The youngest renewable energy 

technologies are already at a disadvantaged position, since more mature fossil fuel competitors are 

granted long-term established subsidies, many of which far exceed those in place for RE197.  

   These problems are only intensified when several countries are added to the decision making 

process. It is generally agreed that one of the most influential contributors to the fate of the RE 

sector is the furthering of multilateral agreements and policies, however this has proved to be a 

slow and difficult process due to agency problems of assigning responsibility, since the effects of 

climate change and the cost of mitigation are not distributed evenly between nations. National 

governments tend to have a protectionist bent, which deters cooperation between countries (as 

                                            

196 See for example Painuly (2001) or Stern (2006)  
197 Stern (2006;313), 
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noted in the case of the Spanish Royal Decree), and within the EU we find continuing resistance on 

unilateral emissions standards from newer eastern member states that rely on heavily polluting 

coal-fired plants for energy198. As more countries, institutions, and decision makers are added to 

the legislative process, the more difficult it becomes to reach consensus, yet without a broad 

support behind them, the enacted policies will lack the necessary longevity, scope and stability 

needed to substantially influence the market.  

 

    – Market forces and increased investment: The final prong of the threefold convergence is the 

recent heavy investment from private and venture capitalists, which acts as a key driver to 

innovation and cost-reduction199. As we uncovered in Section 3.3.2, the second wave of STE is 

motivated not only by beneficial macroeconomic trends and industry conditions, but also by the 

presence of available finance. This comes in the form of debt from banks, from a series of recent 

solar IPO’s200, and from private investors and clean-tech funds. The latter has been an especially 

strong factor in the growth of STE; as investments in RE becomes an increasingly attractive 

alternative, more funds are devoted specifically towards these segments, and 2007 saw a record 17 

clean energy public equity funds launched201. High-profile investments like Google’s investment in 

eSolar, and the Al Gore-backed Kleiner group’s investment in Ausra, have not only provided an 

influx of capital to the STE market, but also helped raise the public’s awareness of STE by lending 

reputable names to small start-up companies and markets in a form of quasi-endorsement202.  The 

economic rationale behind such investments is the expectation that unknown start-ups will mature 

into market leaders that eventually go public or are bought by a larger company at a premium, 

thereby multiplying the initial investments made at earlier stages. The presence of Feed-in tariffs 

and tax credits in select market has also been shown to provide modest to strong returns on 

investment203.  

   But as was the case with government funding, an industry that relies heavily on outside sources 

of capital are extremely susceptible to market fluctuations and the related risk. This has been 

clearly demonstrated under the current financial crisis and credit crunch, which has sparked 

concerns that solar manufacturers may have a hard time raising debt to finance new plants in the 
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200 Kho (30/09/08), Wang (07/10/08) 
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202 Sever (2008), Google Press (27/11/07). 
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future, and also driven down the shares of several publicly traded solar companies204. Following 

the collapses of Lehman Brothers, Merrill Lynch, and Wachovia, the once liquid capital markets 

are now shut off to project finance, and both public and private investors are beginning to demand 

more for their money. Without debt financing, STE companies are increasingly relying on venture 

capitalist and other private-equity firms to contribute the needed capital, but this also entails giving 

up a large stake of the company in VC buy-ins. Alternately companies can attempt to stall until the 

credit crunch eases, but that would mean delaying expansion plans and failing to meet goals on 

time, with significant negative repercussions on their potential market entry and share. An example 

of this is German solar supplier Schott’s multiple-time postponement of their IPO on the Frankfurt 

stock exchange, which may eventually undermine their credibility in the eyes of investors205.  

   While the individual markets are adapting to the new turbulent macro-environment, utilities, 

IPPs, technology promoters, and manufacturers along the value chain are evaluating their strategies 

to capitalize on the current situation, all of which could deter expansion into foreign markets and 

increase the consolidation of assets among both project developers and manufacturers as companies 

pursue M&As to gain the necessary size, efficiency and clout to survive. The full extent of the 

economic recession and how significantly it will result in a solar slow-down or regression is still 

unknown, but a tougher competitive climate is expected as utilities (i.e. buyers) are responding to 

the turmoil by asserting their control over the marketplace, with possible price-cuts and ensuing 

bankruptcies to follow206.  

3.6.2 Key Barriers to Growth  

   In opposition to the drivers listed above, there are a series of market barriers that prevent 

investment and research within the field of STE, and partly account for why the market remains 

underdeveloped. It is most important to study these barriers, not only because they aid us in the 

understanding of why CSP remains underdeveloped, but also because they give clues as to the level 

of future development. We have listed the most significant barriers below; it should be noted that 

some will apply to all forms of RETs, and will affect all players on the market equally, while others 

are specific to STE production, either due to the demands of the technology or the state of the STE 

sector207.   
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   – Cost and Pricing Issues: STE plants are plagued by high initial investment costs due to the 

large-scale nature of the plants and the high risk involved in building them. Furthermore projects of 

this nature face a lengthy construction period208, and a long return on investment period209, which 

further increases risk and cost, and deters investment. The risk associated with building STE plants 

is generally unacceptable to banks because of the many uncertainties throughout the project during 

both construction and operation. These factors all add up to an interest rate of around 12%; in this 

stage of industry development plants are commonly 80% debt financed, and this high percentage 

relative to the total cost puts a serious strain on project developers210. In order to achieve financing, 

the developer must form a group of specialist companies that work together in a contractual 

network that guarantees the delivery of each part of the project, allowing risk to be distributed to 

each of these sponsors. Construction companies are often required to put up large sureties in order 

to win the construction contract, which poses a problem as only a handful of companies in Europe 

have the size and the knowledge necessary to bid for construction.  

   Additional cost related barriers include the risk of speculators who purchase land in potentially 

attractive markets to sell it to developers at a premium once the market has developed, as well as 

specific taxation issues related to capital-intensive technologies that adversely affect STE 

companies compared to their competitors211.   

 

   – Current Industry or Market conditions: Lack of existing competitive markets make it difficult 

for companies specializing in STE to achieve economies of scale; there are still few producers, and 

hence market development and efficiency may suffer. As a third generation technology, STE 

producers lack the practical experience of more mature competing renewables, and it can be 

difficult to break into lead markets where entrenched competitors already have access. Many fossil 

fuel and nuclear plants receive large public subsidies, and in Europe the national utilities often 

prefer large centralized solutions from a few main producers, which bodes poorly for small 

independent tech-providers212.  

   Furthermore, the lack of grid network makes carrying the electricity over great distances 

unprofitable. As mentioned the transmissions system is still highly regulated, and expected to 
                                            

208 Approx. 3 years from approval to completion of a plant in Spain (Garcia (2007). These long construction times are relative to 
other investments, not other power plants. 
209 Plants take approximately 12 years to pay for themselves (Fitzpatrick (11/05/05))  
210 Fehrenbacher (11/09/07) 
211 Case studies have shown that taxation policy can affect the LEC from the solar plant by as much as one-third (Tyner et al. 
(2001)) 
212 (Mendonca (2007). It should be noted however that different technologies will tend to serve different geographic areas and 
markets, e.g. STE and hydro-electric power will most likely not be in direct competition since their geographic requirements are 
different. 
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remain that way213. The problem is particularly pressing in the U.S., where the power grid is 

balkanized with about 200,000 miles of power lines divided between 500 owners. Big transmission 

upgrades are required, but these often involve the agreement of multiple companies, state 

governments, and numerous permits and property owners that are reluctant to root up recently 

installed infrastructure for the sake of new ones. These barriers mean that electrical generation is 

growing four times faster than transmission, according to federal figures214. This is a well-known 

scenario that plagues the development of many emerging industries that rely on central 

infrastructure: with few existing companies there is little incentive to expand the grid, yet without a 

sufficient grid the industry cannot grow to foster more companies.  

   Finally the sector growth suffers from a lack of qualified skilled labor both within the industry 

and in related service industries, due to the special skill-sets necessary for this type of activity215. 

Companies are also subject to the “poaching” of qualified labor due to the cluster-type nature of the 

markets216.  

 

   – Additional Barriers, Lack of Exposure and Public Awareness: In an infrastructure and 

commodity business like electricity, technology adaptation takes a long time; the industry suffers 

from a resistance to change and lack of belief in new technology, and entrenched perceptions of 

the electricity industry hinder further market penetration217.  

   Since it is largely overshadowed by PV and wind power, STE has historically suffered from a 

lack of public awareness. There is a shortage of formalized information about the properties of 

STE, and only very recent lobbying efforts; large PR initiatives are needed to raise awareness and 

gain social credibility. This barrier relates to the previously mentioned issues facing an emerging 

sector trying to establish itself in an existing industry. Emerging industries also suffer from 

technological or regulatory risks: STE producers are highly dependant on government schemes and 

susceptible to legislative risk, for example in cases when land-use hearings and permits can drag on 

for years while construction costs rise218.  

3.6.3 Summary of Section 3.6 

   The tendencies we have just outlined closely mirror Porter’s description of the seven structural 
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factors that define emerging industries. It is important to note that most of these barriers are related 

to either a) a lack of knowledge and high uncertainty regarding the sector and its technology, b) 

high initial costs, and c) a lack of existing markets, including stable suppliers of materials and 

consumers of the electricity produced. These conditions are significant, and put emerging industries 

in an unfavorable competitive position. The implication is clear: “Imperfections and distortions in 

the market coupled with unfavourable financial, institutional and regulatory environments imply 

that governmental intervention is not only desirable but also a must to promote RETs”219. 

 

Section 4 – Industry Analysis 

   Having highlighted the main STE technology and lead markets, we now widen our scope to 

examine the STE industry and the companies competing within this field. As indicated in the 

previous sections, we will be describing an industry built on temporary structures that, because of 

its infancy, still has room for entry for new firms, and offers many opportunities for existing firms 

along the entire value chain to integrate new business areas for both short, medium- to long term 

growth. Finally we are describing an industry where cooperation and competition coexist among 

players that in time may turn into fierce rivals as the industry mature and battlefields are more 

sharply defined. 

4.1 Describing the Value Chain 

– Industry Structure: Drawing further on Porter we will incorporate his generic value chain and the 

linkages between the upstream and downstream levels from the point of the STE developer to 

describe the vertical structure of the STE industry (see Fig. 9)220. Unlike wind and PV, the STE 

industry is not as sharply defined in its buyers, producers and suppliers; instead the industry is 

composed of different levels made up of companies constituting the entire value chain struggling 

with each other to find the most competitive technology221. Concerning the different roles of the 

                                            

219 Painuly (2001;84) 
220 Although Porter states that the relevant level for constructing a value chain analysis is a firm’s activities in a particular business 
unit, this would have required us to focus on a single firm. We therefore make this industry analysis based on a number of 
assumptions about the industry and the firms constituting it. 
221  A recent example of this was the struggle between Sony’s Bluray and Toshiba’s HD DVD formats. Each party had allied 
themselves with a number of major companies ranging from software companies to movie studios. Sony promoted their more 
expensive format on its technological superiority over Toshiba’s HD DVD that in turn was promoted on its lower price. The “format 
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companies, the industry could roughly be divided into a few major groups: turn-key producers of 

solar fields who develops the plants [STE promoters]; suppliers of core components; consultants 

providing expertise in engineering and energy related fields; and companies providing operational 

services. In spite of this distinction, the lines between buyers, producers and suppliers are blurred 

because of the early stage of the industry and the many strategic opportunities for businesses along 

the entire value chain to integrate related areas222. 

 

 

 

Fig. 9 - The Value Chain for the STE Sector 

 

   Because of the large-scale nature of STE and the fact that the volume of an STE investment 

ranges between $300-400 million, investors in this technology are limited to private investors 

groups, such as IPPs, Investor Owned Utilities [IOU], and public or private power utility 

companies. The STE promoter will put in an application and try to reach agreements to sell the 

electrical output to a distribution company on a long-term PPA that secures the income of the plant 

                                                                                                                                              

war” eventually fell out to Sony’s advantage 
222 Wenzlawski (2003). For a more comprehensive look at the main industry players along the global  value chain, consult 
Appendix Fig. 16 



 

 68 

for many years223. The potential buyer side includes utilities and IPPs, with the former having been 

involved in all current European STE plants, as they constitute the buyer side of the PPAs. For this 

reason we have chosen to include them in the producer section below, since we have yet to find a 

project that does not include close cooperation with either a utility or an IPP224. These companies 

interest in STE stem from the large potential cost reductions on generation as well as STE 

technology’s hybrid capabilities that makes it compatible with current fossil generation capability.  

   As the sector is now, plants are usually planned, constructed and operated by a group of 

companies working together in a consortium, which usually consists of an STE promoter with the 

technology and project management capabilities, core component suppliers, consultancy firms and 

a utility or an IPP that make up the equity side of the project. The main reason for this integrated 

approach is the difficulty in financing the plants, which requires the cooperation of several levels of 

the value chain, and the ability of the financial institutions providing the debt to allocate risk to 

each party since the construction risks are usually to high to be born by a singe company. This risk 

allocation is possible when each party is contractually obligated to deliver certain services or 

products, as other parties meet their contracted obligations and are held accountable for this 

delivery.  

 

   – Promoters/developers: In recent years there has been a rapid change in the composition of the 

STE promoter market. Initially it was composed of engineering-based SMEs aimed at promoting 

STE technology and demonstrating its feasibility. Companies of this type, such as BrightSource 

and Solel, have extensive history in the field and are lead by individuals how have been researching 

in STE since its first inception into the market (e.g. Ausra’s founder David Mills, and Brightsource 

CEO Arnold Goldman who founded the original LUZ International Ltd. in 1980). But more 

recently, a number of large RE developers have entered the market, some using conventional 

technologies, others with their own modifications of known designs.  

   Therefore, the main players and new entrants are mostly composed of two groups: 1) technology 

innovators looking to change the economics of STE, or 2) large investor groups and IPPs looking to 

                                            

223 PPAs are contracts of approximately 20-30 year duration; under the terms of a PPA, the PPA provider (the electricity generator) 
typically assumes the risks and responsibilities of ownership when it purchases, operates, and maintains the turn-key facility. By 
clearly defining the output of the generating assets (such as a solar electric system) and the credit of its associated revenue streams, 
a PPA can be used by the PPA Provider to raise non-recourse financing from a bank or other financing source (a secured loan 
pledged by the collateral of the plant), and the negotiation of a PPA is therefore crucial to the completion of the plant since it 
ultimately secures the return on the investment. Without PPAs the developer is left to undertake and manage the associated risk 
alone. 
224 For a full list of collaborators on different projects see Gonzàlez-Aguillar et. al (2007). 
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gain first-mover advantages by tying up production sites225. The first category is comprised of a 

leading group of independent technology promoters – including Solel, Solar Millennium, Abengoa 

Solar, Ausra, and BrightSource Energy, – which are looking to promote their individual 

technologies. On the opposite end of the development value chain are those IPPs and utilities that 

have already built or acquired extensive portfolios of renewable power generation assets, and are 

now investing in STE as a means to diversify into other utility scale technologies226. They include 

some of the largest owners of wind power plants globally, such as Iberdrola, FPL Energy, Acciona, 

and EDP. Despite their later entry into the market, the members of this group are quickly emerging 

as key players due to their size, experience and bargaining power. Members of this group are often 

subsidiaries of larger energy conglomerates, which means they have a history of experience, plus 

the necessary resources and R&D equipment to draw on, not to mention a more stable record that 

will provide them easier access to investments since it lowers the perceived risk. Their recent entry 

is motivated by market-seeking motives driven by the high attractiveness of the market given its 

growth rates and undeveloped nature, as well as the opportunities to diversify by enhancing the 

asset portfolio.  

   Since there are few operating plants in the world, it is difficult to predict who among this group 

will emerge as market leaders. Furthermore, because they are similar in size, finance and levels of 

experience and corporate development, it is difficult for these companies to diversify from each 

other since they are bound by certain constraints in the product being produced. As a result there 

are low/few comparative advantages between them; hence at this stage of sector development the 

sole competitive resource is technology, knowledge or patents. Currently there is a diversity of 

designs, with each company promoting various design schemes and attempting to leverage their 

specialized technology capabilities to gain a competitive advantage. There are mostly two issues of 

contention: the trough vs. tower discussion, and the ‘large hybrid’ vs. ‘small stand-alone’ 

discussion. However, as technology and economic validations progress, particularly among newer 

technologies, a reshuffling of positions within the market is expected in the medium- to long-

term227. Until this validation has taken place, a majority of STE promoters continue to house a 

number of support functions related to the construction and O&M of the plant, since they continue 

to be the most knowledgeable in these areas and must provide their own supply if none exists 

otherwise.  

 
                                            

225 EER (2007) 
226 EER (2007) 
227 EER (2007)  



 

 70 

   – Suppliers and auxiliary services: Suppliers include specialized engineering- and energy 

consultant companies, suppliers of power blocks (turbines) and of receiver tubes for trough plants. 

The production of specialized receiver tubes is limited to two major suppliers, SCHOTT and Solel, 

with the latter being a STE promoter itself. The remaining parts for the plants, whether trough or 

tower, are more or less standard and can be obtained from competitive markets.  

   Traditionally supplier companies have also handled the servicing and maintenance of the 

technology, but recently there has been a growing tendency to outsource non-core activities such as 

O&M of the plants to third party service providers. For this reason the service market is comprised 

of larger independent service providers, and smaller niche, high-tech service companies. The O&M 

market is primarily made up of maintenance contracts usually relating to work not directly 

associated with the solar field, such as the maintenance of support structures or the power block, 

with full operation and maintenance contracts being a rarity since the producers are unwilling to 

cede control of the operations of the power plant because of the significant learning properties this 

area holds. Plant owners are focusing on O&M as a means of cutting their costs, and the overall 

costs of operations are expected to reduce further as the servicing market develops and the 

competition intensifies228.  

 

4.2 Applying Porter’s Five Forces Framework to the STE industry  

4.2.1 The Analysis 

Porter’s Five Forces model229 is used to diagnose the industry structure and competition in order to 

understand the industrial context in which the firm operates. The five factors combined measure 

how dynamic, competitive and stable an industry is, and normally this information is then used to 

formulate specific strategies for individual firms. However since the STE is still in its infant stage, 

and since all the producers are approximately the same size, have the same level of advancement, 

and are similarly impacted by micro and macro changes, we have decided not to focus on one 

specific firm, and instead provide a broad analysis on the industry level for power generation; in 

line with the preceding section, our analysis takes it starting point from the promoter level of the 

value system.  

                                            

228 Caratori (22/10/08) 
229 The following analysis is based around Porter’s description of the 5 forces in (Porter (1979)) 
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   The competitive factors currently influencing the sector have many intertwining roots that stretch 

back to the industry’s formation, including the historical evolution of energy-related legislation and 

the long-running dominance of national monopolies. Furthermore the properties of the product as a 

vital social good and the properties of the main input factors also determine the underlying 

competitive conditions. Our analysis also bears influence that STE is competing in two different yet 

interlinked types of industries, against two different competitors: the entrenched markets for cheap 

conventional fuels and the newer, more unsettled markets involving other renewables. As 

mentioned previously, there are two distinct logics underlying each type of competition, and so the 

competitive forces of each separate industry sector will vary accordingly.  

 

The results of our analysis are as follows:   

 

   – Bargaining Power of Suppliers (Specialized and Non-specialized Components): Since the 

plants are mainly made from conventional materials, STE producers are not as dependent on 

suppliers as other renewables. There are however a few specialty components, such as turbines and 

receiver tubes that are supplied by technical suppliers; these suppliers have very high bargaining 

power since receiver tube technology is generally not very developed and since there is only a few 

suppliers of each part (i.e. no real market or mass-production of specialized components). There are 

a handful of leading suppliers that have patented technology (i.e. a monopoly/oligopoly situation 

where the supplier group is more concentrated than the industry it sells to), which increases the risk 

of overpriced or inefficient components. Because the components are technology-heavy and non-

generic, promoters face high switching cost which further lowers their bargaining power. The 

consequence of this is empirical proven already; prices have risen up to 40% in the last year, and 

supply times are often slow230. As installed capacity rises and suppliers are integrating both 

horizontally and vertically, the industry will likely experience an increased concentration. But 

though component suppliers are entrenched, especially in the parabolic trough segment, new 

suppliers are likely to enter the market across all technologies in the coming decade231. Still vast 

uncertainty/opportunities for change since industry is not very developed.  

\ 

   – Threat of Substitute Products: In general, energy constitutes a ‘must have’ public good, which 

ensures a certain level of consistent and even growing demand, yet the abundance of competing 

                                            

230 Kho (13/12/07)  
231 EER (2007) 
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developers within the industry and the generic nature of the product greatly increase the 

substitutability. Energy prices are very elastic, and are considered some of the most volatile for any 

commodity232. Currently the threat of substitute is high in direct comparison with other more 

mature renewables like wind and PV because there are still many unproven players and new start-

ups supply an as yet undistinguishable energy. Once certain technologies dominate, these producers 

should begin to distinguish themselves by offering more specialized products. Another 

consideration is the influence of government; if government regulates to increase the minimum 

contribution from renewables through a quota, or sets a guaranteed premium price, this drastically 

reduce the substitutability to a medium or low level.  

 

   – Bargaining Power of Buyers (Utility): Though the buyer purchases in large volume, the total 

contribution of STE is negligible in comparison to the total electricity produced. Depending on the 

local legislation they will have little to full control over the transmissions grid, which determines 

the access to end users. Because of their small contribution to the overall energy capacity, as well 

as the nature of the industry itself, STE producers have little influence over their bargaining power 

and no way to choose their buyer groups233. As we have seen, buyers also provide a credible threat 

of backwards integration, provided they learn to master the technology involved. All of these 

factors indicate that buyers will have a high bargaining power, especially if they are free to switch 

between generation types as is increasingly the case today under new deregulated market 

structures. However public opinion together with government regulation makes this more and more 

difficult in practice, as a set of formal and informal criteria must be addressed by utilities when 

purchasing power. Finally long term PPAs can ensure a higher degree of certainty for producers by 

setting fixed standards for sale and production. But ultimately buyers are quite price sensitive, and 

their buyer power varies accordingly with fossil fuel prices and supply, since cheap base-load 

generation has to be ensured first and foremost to meet energy demands. 

  

  – Threat of New Entry: The barriers to entry are medium-to-high, due to the high risk and capital 

requirements, as well as the specialized knowledge required to enter the field (significant 

experience/learning curves). Large amounts have to be spent on the construction of the plants, and 

there is little way to test new technologies except through practical application in the plants 

themselves. Still this has deterred the presence of many STE start-ups that still enter the market 

                                            

232 Makansi (2002;142) 
233 At least not in dispatchable markets – this option does however present it self in the increasingly popular distributed markets.  
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motivated by the opportunities created by the informal, unsettled state of the sector, the supportive 

government policies that encourage competition and entry, the rising demand and growth potential 

for STE, and the current lack of market leaders and leading technology (i.e. little possibility for 

strategic barriers to entry due to lack of economies of scale or brand differentiation). Also, it is 

difficult for market leaders to fight entry by slashing costs or increasing production since they have 

few means of changing the fixed output of a plant. The sector has what is known as 

‘accommodated barriers to entry’; under this condition structural barriers are low, and entry-

deterring strategies from the incumbent will be ineffective since they cannot profitably deter entry 

due to the growing demand or rapid technological change. In short, entry is so attractive that the 

incumbent(s) should not waste resources trying to prevent it. In conditions such as these, it can only 

be expected that more entrants will follow, ranging from smaller ‘copycat’ companies, to wealthy 

utilities and IPPs ‘buying in’ to the STE markets through acquisitions, as a way to get around some 

of the barriers to entry related to technology and design.  

 

   – Degree of Rivalry: The degree of rivalry is high in turn-key solutions, where competitors are 

numerous and roughly equal in size and power, with no clear market leaders or dominant 

technologies. Furthermore they are competing over an undifferentiated product, fixed costs are 

high, and exit barriers are medium to high, all of which increases the internal rivalry. Again, this 

has not deterred new entrants, as companies are continuing to enter the turn-key market.  

 

   – Final Conclusion: The overall degree of competition can be considered medium to high/intense, 

mainly due to the volatility of the industry; the unanswered questions relating to the performance of 

the technology; the low concentration of many competing players and the lack of a hierarchy 

amongst them; and the small market segment supplied by STE as it relates to the overall industry.  

 

4.2.2 Conclusion of Five Forces Analysis 

– Putting the Findings into Perspective: In summary, the STE sector is a high risk, high competition 

sector, with high buyer and supplier power and several barriers to entry. These factors, coupled 

with the fact that STE producers are extremely susceptible to market fluctuations and turmoil, 

which jeopardizes financing, the costs of construction, and the ability to keep schedules, paints a 

clear picture of a turbulent and risky market. Also profit margins are traditionally small for power 



 

 74 

plants, which does little to increase their attractiveness234. Yet in spite of this, one still finds a 

growing number of new entrants in the STE market and high growth rates overall. How can these 

two contradicting scenarios be explained? 

   First it is important to remember that a high-risk market does not necessarily equate with an 

unattractive market. The fact that there is high risk also entails that markets are highly 

competitive235, and that there are opportunities for individual players to specialize according to 

firm-specific strategies. Since the market for fossil fuels and even for more mature first- and 

second-generation renewables are more stable with a rigid competitive hierarchy, it is no surprise 

that companies are flooding towards the more volatile STE markets; the unestablished market 

conditions open up new opportunities, and since everyone has ambitions of securing first mover 

advantages we find a flux of capital surging into the market. 

   It is interesting to note how several of the conditions mentioned in the analysis closely mirror 

Porter’s 7 characteristics of emerging markets mentioned in section 3.2.3. This would indicate that 

the market is simply following the standard market life-cycles, and that changes in the underlying 

competitive forces should be expected once the market reaches the successive stages of 

development. It is clear by now that the current conditions are both a risk and a source of 

opportunity; the key is to exploit the change, by anticipating shifts in the factors underlying the 

competitive forces, and choosing a strategy appropriate to the new competitive balance before 

rivals. In this connection it should also be noted that Porter’s model is a dynamic model, meant to 

take height of the fact that markets change, and that specific market opportunities arise from this 

change236.    

   Therefore the preceding analysis should be seen in the light of two important factors. First off, the 

STE market is evolving rapidly, which means that market conditions will most likely be different in 

1, 3, 5, and 10 years time (see appendix Fig. 15 for a more specific guideline). Secondly, 

governments have the authority to influence the markets, or even create markets, which in many 

ways circumvents the high risk related to the intrinsic nature of the industry237. The presence of 

                                            

234 Tyner et al. (2001). This is an important fact to consider though we have not mentioned it implicitly in our analysis: since average 
returns are still unknown, it remains to be seen how this rivalry will impact the cash flow of individual producers once more plants 
have been constructed.  
235 As opposed to, say, a perfect competition scenario, where there is very little risk since all players respond equally to market 
changes (of price, demand etc), but where no significant gains are possible for the same reason. (Porter (1985))   
236 To clarify: because a 5 forces analysis provides a snap shot of the industry at a cross-section in time, it is sometimes charged 
against it that is static and unsuited for analysis of high velocity markets. However, if coupled with a macro-economic model such as 
a PEST analysis, the 5 Forces model is in fact dynamic because it takes into account that environments change with a resulting shift 
in the underlying competitive forces resulting. The analysis simply has to be applied more often to account for rapidly changing 
markets.    
237 Porter’s 5 forces analysis does not include this factor, but an amended version known as ‘Porter’s 6 forces’ includes the 
additional ‘force’ "the Relative Power of Other Stakeholders", to account for precisely this kind of influence (Brandenburger, Adam 
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government intervention should not be underestimated; it creates an artificial market condition that, 

though precarious, creates a form of temporary stability for STE producers (this same 

temporariness and ‘artificiality’ is exemplified through the repeated occurrence of ‘ifs’ in the 

analysis). In light of these two factors, the actual risk will vary greatly from market to market 

depending on the degree of legislation and development of the individual markets.   

   – Implications for the future: In light of this, it is relevant to look at how this growth and change 

can be expected to change the current industry conditions, in order to determine future 

opportunities and formulate specific strategies to capitalize on this.  

   Given the embryonic state of the STE sector, the competitive landscape remains uncertain, with 

many players fulfilling numerous roles along the value chain to push their respective technologies, 

projects, and ultimately, the industry, forward. They have assumed these obligations not so much 

because it lies within their sphere of core competencies, but rather out of necessity, because there 

were no players at the industry’s inception that could assume these vital duties that the producers 

depended on. Correspondingly there has been little pressure on the supply chain, due to the modest 

amount of projects in existence, but as the industry grows and competition intensifies over the 

coming three to five years, this is expected to change dramatically238. For example, as we have 

mentioned there are supply constraints regarding the production of parabolic troughs, but already 

now companies are experimenting with substitute products such as Fresnel lenses with fixed 

receivers and cheaper, steel-backed troughs239 to lessen their dependence on individual providers. 

2007 saw an increase in the manufacturing capacity among parabolic trough receiver tube 

suppliers, and with 63% of STE developers looking to utilize parabolic trough systems, competition 

is expected to increase along the supply chain to meet future demand240. Also smaller, high-tech 

service companies are already taking their first steps in partnering with developers to provide 

complete or specific services241. Studies from Emerging Energy Research conclude that as the STE 

industry evolves, significant movement in both directions along the project value chain is expected, 

with technology promoters filling out project execution capabilities, and utilities and IPPs building 

upstream project pipelines and increasing their technology capabilities242. 

   Both of these tendencies, increasing specialization and the emergence of STE-related industries, 

indicate a) the presence of strong competition within the industry, but also b) that the industry is 

                                                                                                                                              

& Nalebuff (1996)) 
238 EER (2007) 
239 Kho (13/12/07)  
240 EER (2007)  
241 Caratori (22/10/08) 
242 EER (2007) 
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seeing the necessary amount of new entrants, economic growth and technological advancements 

throughout the entire value chain, needed to drive the industry growth in future years. With the 

presence of new entrants and the presence of upstream buyers, i.e. utilities converging with fuel 

suppliers243, even greater competition is expected.  

   In reaction to this, one might predict that promoters will begin to differentiate themselves through 

product and cost specific strategies (i.e. through technology or construction/operation efficiency); 

in result there will be fewer players on the market, but these will be stronger, more stable, more 

specialized and more profitable. Initially the market has seen a slew of new companies pushing a 

series of new ideas and designs, but this competition-driven demand for efficiency will force 

companies to decide which parts of the value chain they want to stay in, and which markets they 

want to serve. To remain competitive producers can be expected to consolidate horizontally and 

vertically in order to minimize or eliminate transaction costs, promote economies of scale or scope, 

avoid hold-ups, and as a means of foreclosing others access to a supplier; similarly they will 

disaggregate accordingly to trim their operations and avoid diseconomies of scale by eliminating 

the uncompetitive business units244.  

   This progression is comparable with what happened in the wind and PV segments, with larger 

companies ‘vacuuming’ the market and integrating smaller companies and additional business units 

to eventually gain enough market share to emerge as leaders. The same trend is transpiring in STE; 

already now there is increased vertical integration as solar companies are forming their own 

manufacturing plants to ensure stable and reliable delivery. Similarly producers are merging 

horizontally in order to bolster themselves against the current economic turmoil, which should also 

do its part to weed out the stronger players from the weak, ultimately benefiting the remaining 

market leaders245.   

   In short, with continued development, STE can be expected to transition from an emerging 

industry to a rapid growth industry in the coming 3-5 years246. Based on industry life-cycles, the 

expectation for maturing industries are: less new entrants, lower growth rates, and lower profit 

margins, except for the strongest companies and a few of the weaker members247.  

 
                                            

243 So far this trend has mostly appeared in the natural gas segment, where several utilities have partnered with producers to ensure a 
steady output, to control the value adding process of their product, but also to ‘buy’ experience in necessary markets. The same 
could be expected to happen to larger STE producers, while the smaller companies will simply be bought up in acquisitions (see for 
example: St. John (24/02/09)).  
244 This process will most likely happen slower than in other markets because the high regulation creates artificial stability and 
lessens the need for rapid specialization (Porter 1979) 
245 Wang (15/10/05) 
246 Van Bergen (2009)  

247 (Porter 1979;8) 
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4.3 The Economics of STE   

Before the opportunity study can take place, we must first clarify the socioeconomic forces that 

govern the sale and production of STE, and most renewables in general. Because the energy sector 

in general and the renewable sector specifically is a difficult branch to analyze, it requires a 

thorough understanding of the complex mechanisms that dictate competitiveness.   

4.3.1. Analyzing the Particular Economics Governing the Energy Industry  

– Calculating Costs: The aim of this section is to define the pricing mechanisms that determine the 

cost structures behind various power plants, and in turn influences the decision-making processes 

for the demand side.  

   In line with conventional economic theory, the overall competitiveness of a plant is determined 

by two factors: the quantity of output (total MW) and the production price of that output (p/MW). 

Assuming that all companies entering the market have the capacity necessary to produce the 

minimum amount of energy required, the main competitive point becomes the production price.   

   RE is currently significantly more expensive that fossil fuels, and so under the traditional 

economic rationale, most renewables would not be able to compete with the conventional 

producers of electricity. Conventionally generated electricity ranges between 5 and 18 ¢/kWh (the 

amount of money to get a kilowatt of power for an hour), but in most cases it is below 10 ¢/kWh, 

commonly 2-5¢/kWh 248. By comparison, STE currently costs around 15 to 17¢/kWh 249, while PV 

is 25-30 ¢/kWh250, wind is 5-7¢/kWh, and nuclear power is 11-14¢/kWh. These prices are merely 

guiding, as actual prices will fluctuate depending on a series of factors such as the size of the 

plants, the storage capabilities, the grid access/distance, and the cost of fuel (alternately the amount 

of wind/sun that each individual plant receives)251.   

   Because power plants are self-powered, they have no fuel costs, and operating costs are virtually 

non-existent, which means that the majority of the cost are incurred during the construction phase 

due to the high-upfront capital requirements and the long construction times. Therefore the overall 

cost of the power produced is primarily determined by the construction costs of the plants and their 

                                            

248 Kanellos (11/05/07)  
249 Kanellos (11/05/07) 
250 Sever (2008). There are varying sources on these figures, some say that the LEC of PV is as high as 60-30 (Kanellos (11/05/07)) 
251 For example, wind power, which has a production cost close to oil and gas, faces certain geographic constraints and is limited by 
the amount of wind, which means its price is not a full indicator of its competitiveness. Implicit in this, is the fact that all 
technologies should be subject to a ‘price vs. value’ analysis, alongside a cost-based analysis, in order to determine not only what the 
technology costs, but also what it can do.        
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output of electricity; the cost of generating this power (known as the LEC) can therefore be 

calculated beforehand if the lifetime of the plant and interest rates are known252. In line with this, 

there are essentially two ways to influence the LEC and improve the attractiveness of a plant: either 

by lowering the construction costs themselves (through better debt procurement, D/E composition, 

price of components, construction and engineering efficiency), or by raising the production 

capacity and efficiency, thereby necessitating a lower cost to achieve the same amount of fuel 

output (through better technology, better O&M practices, larger plant sizes, longer plant life cycles, 

and the selection of most appropriate locations with high levels of irradiation and close distances to 

major cities)253. 

   Within the ST sector plant size is regarded as an especially important criteria, since increased 

generation lowers the marginal cost of production; a plant producing 300 MWs of electricity will 

be large enough to lower the LEC to about 13 ¢/kWh. Since this is still a relatively high price, 

utilities would need to group two, three or more 300-MW plants together to share operational 

resources, or build single plants in the 500MW range in order to bring production costs down to the 

10 cent barrier, which is considered competitive with conventional electricity producers since it 

matches the average cost of electricity from gas-powered plants254. In short there is a tradeoff 

between price and plant size, up until the point were the plant size becomes too big to be 

manageable255.  Building the plants closer to consumers can further reduce costs, however it costs 

about $1.5 million per mile for transmission lines and so another tradeoff must be considered. 

   

                                            

252 A practical example with figures taken from Solarmillenium’s fact sheet for the Andasol 1 project (Solarmillenium (2008)): The 
Andasol project shows a total investment of €310 million for a production of 179 GWh a year. Since 179 GWh is 179 million kWh, 
the investment per kWh a year production is 310 / 179 = €1.73. This however is not the LEC, but the yearly energy costs (i.e. it has 
yet to be levelised).  To levelise this value, you use the plant’s lifetime (in the Andasol case: 25 years) and intrest rate (approx. 7%) 
to calculate the division factor (Forumla: (1 - (1 + interest / 100) ^ -lifetime) / (interest / 100) assuming the money is borrowed and 
repaid every year in such way that the debt and interest decreases). Using the input above for the Andasol plant, the division factor 
would be 11.65, and since the investment of Andasol was €1.73 euro, the LEC would be 0.15 €/kWh. To this we can add a 1 cents 
O&M cost, to give a more correct final LEC of 0.16€.  
   Note that other ways of financing, different way of debt repayment, different lifetime expectation, and different interest rates, may 
lead to a significantly different numbers, and so the LEC can be expected to vary greatly from plant to plant. Also, LECs are 
somewhat misleading since the calculations do not take into account the influence of subsidies or tax incentives, and as such provide 
a skewed representation of the prices on the energy markets; for this reason they are best used as a theoretical “as such” comparison 
of technologies or individual plants.  
253 This relationship between costs and output also comes to expression in the LEC, which is calculated as: Total Life Cycle 
Cost/Total Lifetime energy Production 
254 Kanellos (11/05/07). Also, in place of the 10 cent LEC, a $1 (or lower) investment for 1 kWh production in a year is often used.   
255 It remains to be seen what size this is; so far the first GW plants are still limited to the planning phase.  
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Figure 10 - LEC Summary for Trough and Tower Plant256 

 

   Fig. 10 shows two independent forecasts for the LEC of a trough and tower plant over a 16 year-

period. In this period, the LEC is expected to be reduced from the 10 to 12.6 ¢/kWh range, to the 

range of 3.5 to 6.2 ¢/kWh respectively257. These cost reductions will primarily be due to increases 

in volume production (26/28%), plant scale-up (20%/48%), and technological advances 

(54%/24%)258; in turn, these advances are only possible through increased R&D and practical 

experience, i.e. prolonged industry sector growth in demand and output. 

   But cost issues are not determined by microeconomics alone; a plant’s associated risk and 

expected rate of return determine the amount of debt that can be garnered, as well as the interest 

rate at which it is lent. Therefore high risk is equivalent to high costs, since it becomes more 

difficult to procure financing capital, at a low interest rates. Since the large price tags make solar 

plants impossible to self-finance, STE producers are particularly reliant on capital and funding, and 

an uncompetitive interest rate could ultimately make or break the development of a potential plant.  

   When adding parameters such as risk assessment and the potential benefits of expected learning 

curves to the cost-output calculation, cost determination at once becomes increasingly complex. 

Even though plants are commonly evaluated and compared based on their costs and power output, 

these factors are themselves comprised of a wide selection of influencing factors, with two 

                                            

256 Sargent & Lundy (2003) 
257 Sargent & Lundy (2003) 
258 Sargent & Lundy (2003) 
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significant ones being risk and technological efficiency. Risks can therefore be considered 

synonymous with cost, and in the long-run growth both are indirectly dependant on growth; 

accordingly, to promote one is to promote the whole.    

 

   – Moving towards a more complex understanding of costs and benefits: As demonstrated, even 

under optimal conditions and further development, STE plants are still not competitive with coal 

plants (2-4 ¢/kWh) and the cheapest gas plants under current market conditions. In conventional 

economic theory no utility would ever pay higher than the lowest cost for a good, and so renewable 

energy would rarely be a competitive product.    

 

Cost of STE (¢/kWh) > Cost of conventional power (¢/kWh) 

 

   There is however an additional series of non-cost related factors that determine the attractiveness 

of STE production, primarily the issue of cost vs. quality, i.e. its costs considered in relation to the 

perceived social and environmental benefits of clean energy. Vicariously, one can also speak of a 

plant’s detrimental environmental and societal effects as the externalities or ‘external costs’ of 

production; the goal then becomes to internalize these costs259 by having fossil fuel producers carry 

the cost of pollution and emissions in the form of tax. It could be conceived that with this added 

parameter, STE could be considered more attractive than conventional energy, since power 

purchasers would be willing to pay a higher price for clean energy.  

 

Cost of STE < Cost of conventional energy + perceived external costs of dirty energy. 

 

   At this point we encounter a problem, namely how to calculate the value of clean energy. With 

the addition of these non-economic parameters, the determination of costs suddenly becomes more 

intangible; though it is possible to conduct studies on the added cost of these externalities, or the 

amount of displaced pollution from switching to a cleaner energy source, the truth is that 

evaluations of this nature are often left to the caprices of individual assessments based on a feeling 

for the public climate at the time. Put in microeconomic terms, the value of a product is ultimately 

a subjective evaluation based on the individual’s utility assessments: for a clean energy activist or 

an asthmatic polar bear the benefit of clean energy might be valued at 30 ¢/kWh, for a power 

purchaser who has to incur the added costs of purchasing clean energy, the price might be near 0!  

                                            

259 Pigou (1920).  
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   Currently the only viable solution to this problem that has been put into practice is to have an 

independent third party set a common price that is universally applicable price to all the players in 

the field. This has traditionally been the role of government, since they are the only institution with 

enough legislative influence to enforce such a rule; furthermore such duties are seen to fall within 

their jurisdiction since a clean environment and energy sources are considered a public good, and 

the inability of the traditional energy markets to provide them a market failure, where the hidden 

costs of pollution are not accounted for in the current markets’ mechanisms260. When pure cost 

calculations are replaced or augmented by these sorts of value-based calculations, it opens up 

opportunities for concepts such as ‘carbon taxing’, or ‘green-pricing’ schemes, where a premium 

source of clean energy is offered as an incentive for consumers to choose the energy suppliers who 

carry it in their portfolio261. This significantly distorts the previously mentioned considerations and 

levels the playing field in favor of STE. 

   – Summary: In an environmentally conscious world with energy crisis and greater consumer 

activism and choice, complex pricing models that account for the many added parameters must be 

employed. Therefore the LEC in itself is not enough basis for a representative comparison, and 

other factors such as the reliability of generation (high for STE), the ability to deliver base-load 

levels (possible for STE), as well as the amount of pollution displaced (also high for STE), are 

increasingly beginning to be considered by a more attentive public and utilities alike.  

 

Section 5 – Identifying Opportunities within the Solar 

Thermal Energy Sector 

At this point we have gathered our data, applied our theory to it, and must now interpret the results 

of that process. The preceding chapter paints the picture of a market that is increasingly 

competitive, with fewer resources and capital being distributed between stronger, more competitive 

players – only those with the best products, operations and strategies will survive. In this section, 

we will use the analysis in the preceding section to identify the most significant opportunities for 

                                            

260 Stern (2006) concludes that “global warming is the result of colossal market failure, i.e., failure to price fossil fuel's externalities 
correctly”. 
261 (Makansi (2002;47)). Having governments act as an objective third-party does of course not ensure complete objectivity nor 
eliminate the agency problem related to subjectivity and personal agendas in determining the costs and benefits of renewable energy; 
it does however provide a unanimously applicable level expressed in the form of taxes or subsidies that everyone is subject to 
regardless of its ‘actual’ correctness. Similarly we are not advocating the use of government intervention, but merely stating that 
such initiatives are increasingly common in practice, and therefore need to be considered when evaluating the attractiveness of 
various technologies. 
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growth by examining various strategic solutions, not as they relate to any one company, but as a 

general strategic guide based on the industry’s current competitive conditions. Since most 

companies are at a similar early stage of development and share many similar traits, we find such a 

general strategy to be defensible. This rationale is further substantiated through the concept of 

strategic groups originated by Hunt (1972) and Newman (1973), and later developed by Porter 

(1980) where strategic groups are defined as: “a group of firms in an industry following the same or 

a similar strategy along the key strategic dimensions”262. When applied practically, specific 

strategies should of course be evaluated according to the specific market conditions at the time, and 

the specific competences of individual firms for optimum efficiency. 

   Before we begin, an important detail to make clear beforehand is whether you are operating with 

long-term or short-term growth horizons (alternatively investment horizons). This is an important 

distinction that will influence the amount and manner of your investment, the dedication with 

which you invest, and the gains you hope to result from your strategy and investment. The 

following advice assumes a long-term strategic commitment aimed at creating lead positions in the 

market rather than short-term gains. This assumption is necessary, partly because it would be 

impossible for us to individually generalize our information for short-term moves that are highly 

dependant on chance and circumstance, but moreso because a long-term focus is preferable in a 

sector such as STE where individual projects and investments have long life spans and return 

periods, as well as the considerable time it takes for companies to grow and mature into 

profitability.  

   After conducting a 5 Forces analysis, companies can use the findings to formulate a strategy in 

three ways: - by positioning themselves so that their capabilities provide the best defense against 

the competitive forces, - by influencing the balance of the forces through strategic moves, - by 

anticipating shifts in the factors underlying the competitive forces and responding to them263.  

   When investing in RE, an attractive project must offer: 1) an acceptable technology, 2) an 

acceptable profit, 3) an acceptable risk264. So far STE fulfills the first condition, has the potential 

to fulfill the second – it is predominantly the third condition that is holding back the industry. 

Therefore successful strategies should be aimed at minimizing risk, either by reducing costs or 

promoting growth and market share.  

                                            

262 Hunt (1972) and Newman (1973) in Calori (1985) 
263 Porter (1979;8) 
264 Trieb (2000;164)  
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5.1 Opportunities Related to Geography and Location 

By now it should be clear that no one renewable is universally preferable, or even applicable, to all 

regions of the world. Due on the individual strengths and weaknesses of the fuel source and 

operations, wind power is most appropriate near costal regions, PV is preferable in temperate 

climates, STE in dry, spacious locations; the point is that the environment has a significant 

influence on the overall efficiency and cost-effectiveness of a power plant. Therefore being able to 

determine the optimal location is key in determining total costs and output.  

   In many ways the STE market is a global market, owing to the fact that it is so undeveloped that 

few actual markets exist as of yet, and the fact that most players are forced into being globally 

active since no local markets are developed enough to support a purely regional player. 

Additionally, the integrated nature of the markets entail that location in one country does not 

prevent promoters from developing projects in other markets. However, choosing a market with the 

proper conditions is key to the potential performance of STE plants, not only for the direct impact it 

has on the energy produced, but also for the structural and competitive advantages it may offer. 

This is an example of ‘spatial differentiation’ where geographic location becomes a differentiating 

factor between competitors since product characteristics become analogous to seller location. An 

additional point to consider is that, as competition increases, it could be assumed that only the 

largest market leaders will be competitive enough to serve the most attractive lead markets and to 

have a significant presence in several global markets. Medium and smaller firms and new entrants 

especially may find it increasingly difficult to compete internationally, and must either focus their 

operations on select markets in hopes of gaining first mover advantages, or be pushed into catering 

to less attractive markets. The long-term goal is to build business units with international scope, but 

selecting a base is an important determinant to how well that strategy can be implemented. 

Therefore site selection, knowledge of local legislation and customs, as well as product localization 

could become important competitive advantages that need to be considered when determining the 

scope of one’s operations, and so strategic priorities in regards to location must be considered.   

Building on the preceding findings, the most attractive markets for STE are those that offer:  

 

- The proper geographic requirements for high temperature production.  

- A suitable level of regional and economic development regarding infrastructure, education and 

transportation. 

- A suitable form of government policy supportive to RE development and in particular STE. 

- A semi-developed/developing market with strong demand and access to key suppliers and buyers.  
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   These factors are all essential in their direct ability to reduce risk or transaction costs and promote 

growth.  

   It should be clear that there are currently two geographic areas that satisfy those conditions. The 

two are in close competition, but though the U.S. southwest is attractive, we find based on our 

research that the greatest market opportunities are to be found in Europe/the EU, because of three 

influential factors that we feel will give a competitive advantage to companies producing in this 

region. 1) A few of the member countries have an ideal geography and climate for high-

temperature solar thermal production. 2) The EU's energy market is currently undergoing a 

restructuring and privatization process, which increases the competition and possibilities for new 

entrants. Several leading member countries are presently more deregulated than their American 

counterparts, and have greater experience with RE technologies and markets265. 3) The EU has a 

series of subsidy schemes for STE on the local, federal and international levels. Europe has a strong 

tradition and history of environmentally friendly policies, in fact, the union began as a steel and 

coal alliance whose goal was to ensure peace and stable energy supply through trade. The inclusion 

of several countries within the economic union is another advantage, since greater diversity and 

mobility is possible between, for example, Germany and Spain. Therefore it is easier to benefit 

from the various strengths of the respective country’s businesses, institutes and markets, by 

integrating know-how, experiences and technology developed along the different nodes of the 

value/supply chain.    

   Within the EU, our preceding analysis points to Spain, Italy, France and Greece as the most 

viable options for market entry. For now we have selected Spain, more specifically the 

Andalucia/Seville region mentioned before as the market with the most attractive business 

opportunities due to its economic and technical potential, as depicted in Fig 11.  

                                            

265 Makansi (2002) 
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Fig. 11 - Economic and Technical Potential of STE in European Countries266 

 

   Seville is one of the warmest areas in Europe, especially during the summer, with an avg. yearly 

temp of 18°C, an average max temp of 35°C in summer, and a total solar irradiance of 2250 

kWh/m2/year267. It is also considered an important technological and research centre for renewable 

energies; the city and its surrounding province have a number of large industrial parks and 

technology centres, including the largest Andalusian industrial park in Dos Hermanas, and the 

Parque Científico Tecnológico Sevilla Tecnopolis, a gathering of companies, research centres and 

university departments directed towards the development of new technologies. This includes the 

Plataforma Solar de Almería [PSA], which is the largest center for research, development, and 

testing of concentrating solar technologies in Europe268. Production centers are also being 

established, with key manufacturers such as SCHOTT entering the region with a new $28 million 

receiver tube production facility269. Finally the southern Spanish markets are in close proximity to 

other attractive markets in the region, which opens up the possibility of expansion and lowers 

transaction costs. All of the reasons listed above have contributed to Spain being named as one of 

the five most promising regions in the world for development of large scale, thermal solar 

projects270.  

   In making our decision we have focused heavily on the presence of an existing market that is still 

                                            

266 DLR “Concentrating Solar Power in the Mediterranean Region” (2005).  
267 DLR “Concentrating Solar Power in the Mediterranean Region” (2005). 
268 PSA (2009) 
269 Schoot Press Release (07/06/-08) 
270 Greenpeace/SolarPaces Report (2005) 
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in high development as a main drawing point. The cluster benefits from building in this region 

should be obvious by now, and new entrants or current players should take advantage of this. With 

the high capital requirements and risks already associated with the technology, new ventures into 

unexplored markets would only increase the risk, and so producers would be advised to rely on 

existing markets, with existing cluster benefits to take advantage of. By locating close to clusters, 

companies may potentially reap the benefits of spillovers, collective grid improvements, close 

proximity to suppliers, and a capable workforce. This will allow them to operate more productively 

in sourcing inputs; accessing information, technology and needed institutions; coordinating with 

related companies; measuring and motivating improvement; all of which reduces costs and, more 

importantly, risk, especially the perceived entry and exit risks271. In the case of STE and Southern 

Spain particularly, the question is whether the cluster is developed enough to properly support these 

activities. Another consideration is that the participation of companies in emerging clusters is often 

limited to companies that have a direct need for the available government support; while this is 

natural and makes sense given the condition of the emerging industry, successful clusters require 

‘opportunity-based’ participation where successful companies see additional benefits of entry. Ergo 

there is a need for more, and larger companies who are financially stable if not independent in the 

region, rather than a high degree of unstable dependants looking to profit off the country’s tariff 

system. 

   Even though the market is underdeveloped with only two plants currently on-line, there is 

paradoxically another central concern that the demand for solar energy has already been filled. This 

is due to the small size of the RE required by national governments unwilling to invest in unknown 

technologies, and is a general concern in any niche markets. Even though the first companies 

moved in and began construction in 2006, the preferential tax system and its design encouraged 

companies to quickly move in and lay claims to land and capacity, and in result 9 plants are now in 

construction and 38 are announced for further development in Spain overall272. These projects, if 

successfully implemented, would provide over three times the objective of 500 MW set by 2010273 , 

entailing that the government intervention has resulted in an oversupply. This is unfortunate, 

especially in times of falling global demand, and in result it has increased the threat that the 

government will cut the rates for STE subsidies in order to slow the new entry of firms in 2009-

                                            

271 Porter (1998) 
272  Wikipedia “List of Solar Thermal Power Stations” (08/03/09). To clarify, the investment tax only comes into play from the time 
a designated plant is operating, so companies have rushed to complete construction while the tariff systems are still in place. This 
competition came especially from more mature PV competitors used to competing in a competitive markets with more experienced 
players.  
273  European Commission “Report on the Workshop on Concentrated Solar Power Technology” (29/05/07) 
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2011, and give the market time to integrate and evaluate the contribution of these yet-to-be-realized 

plants.   

   In summary, there are two prominent trade-offs that need to be considered when selecting which 

markets to enter, whether it be in Spain or otherwise. Of primary importance is the trade-off 

between cluster benefits and the threat of overcrowding (over supply), as well as the trade-offs 

between supplying local markets and transporting electricity (only supplying to local markets limits 

market size, while transporting energy to other markets increases energy loss). This is of course a 

subjective appraisal left to the individual promoter, but we feel that the key will be the ability to 

sell and transport excess energy to other countries, especially with the new liberalized market 

structures. It raises concerns about how Europe will fare, since the region has a strong legacy of 

national borders, which remains an important force that may reduce the relative importance of 

cluster effects as a driver of location choices274. The question of inter-connectivity, and European 

support for RE in general, is up in the air at the moment, since the EU countries have shown signs 

that they are turning away from progressive multilateral RE support towards a more protectionist 

and hesitant stance (as mentioned in section 3.6.1). If this regression on RE continues, the U.S. may 

in time prove to be the most attractive markets, due to a more supportive environment and the 

recent new initiatives aimed at promoting the generation of clean energy275. 

   Despite the threats mentioned, we maintain that Spain remains the most attractive market to build 

in with the most opportunities for now, but the scope of these opportunities will ultimately be 

determined by a) the continued policies of the Spanish government and b) whether there is 

increasing cross-country cooperation and grid-interconnectivity. All potential entrants should be 

aware that they are entering a market of increasing competition, and need to evaluate their 

individual costs and benefits, as well as their overall strategies before determining if the market is 

right for them.   

 

5.2 Strategic Opportunities 

Porter points to three generic strategies that a firm can use to leverage a competitive advantage: - an 

overall cost leadership strategy, - a differentiation strategy based on unique features, technologies, 

or brands, - a focus strategy of serving a particular, narrow target better than rivals. When applying 

these strategies to the case of STE promoters, we are once again confronted with the difficulty of 

                                            

274 Europe INNOVA “Innovation clusters in Europe” (2007) 
275 Pearce (12/01/09)  
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having to operate with several levels of competition and analysis. For the most part producers 

lacking an independent sector of their own have focused their attention on the broad, general 

industry-level competition, due to the requirements that the industry imposes on them to become 

cost competitive with industry leaders as a way to validate themselves and justify their entry upon 

the market. Faced this level of competition, STE producers automatically assumed the ‘minority’ 

role, and accordingly pursued a ‘focus’ strategy, as well as an unspecified ‘differentiation’ strategy 

based around their ability to supply clean fuel as opposed to conventional fuel sources. But because 

of the inherent relationship in the industry, they pursued these strategies on the terms set by the 

industry leaders, and so small niche players have been trying to justify themselves according to the 

logic of the majority player and the buyer, namely price competitiveness. We saw in section 4.3.1 

how, judged only on costs (LEC), STE promoters cannot be considered competitive, and so it is in 

their interest to avoid competing on a cost position but on offering a unique product. This in turn 

also necessitates a shift in thinking, the full scope of which will be elucidated as the section 

progresses. 

   Now that actual STE markets are being established and a real sector is emerging, companies 

should in turn shift their focus towards competing within the confines of this segment instead. It 

must be a prerequisite that there is a functioning STE segment with stable markets and value 

chains, before producers can begin actively competing on the industry level against the dominant 

majority, since the price, efficiency and reliability requirements needed to become competitive 

according to general industry standards are largely determined by the progression and development 

of the internal markets. The time has come for the sector and its players to separate and see itself as 

an independent industry with its own competitive pyramid, rather than just an undifferentiated 

agglomeration of companies; within this industry roles need to be assigned, and relative positions 

on that pyramid will be filled as markets progress. As various technologies become more advanced 

and determine their place within this industry, it will be established who will emerge to rule the 

sector, and so the goal at this stage should be to survive and to build market share rather than to 

achieve the highest profit margins276.  

   From a strategic point of view, the problem within this micro-industry is that it is composed of 

many generic companies without clear cost or marketing advantages. At present most players focus 

on cost leadership and possibly differentiation on the technology side; the smaller companies are 

even less strategic, relying on imitation or on no overall strategy at all. Also most players are 

engineering based rather than strategy based, and used to dealing with costs and resources driven 
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analysis. Having justified themselves through their technology, these players are probably 

unaccustomed to thinking in broader business terms, and have seen their actions as isolated rather 

than as an integrated part of a market that didn’t exist until recently. The consequence of this 

approach is a slew of generic-looking companies with tech-sounding names, unclear organizational 

structures, unappealing websites and a general neglect of consumer relations. From a historic 

standpoint this makes sense, as companies have been trying to validate themselves as a cost 

competitive alternative to fossil fuels, selling to utilities, which are overwhelmingly cost focused, 

as their main buyers. But it is almost impossible to build a cost-leadership strategy in an emerging 

market, especially one reliant on key technology supplied by the same group of narrow suppliers277; 

with the further entry of large, experienced utilities that can easily replicate or create new 

technologies to overtake existing ones, cost and technology differentiation strategies look to 

become increasingly difficult to sustain.  

   Players need to expand or make explicit their views on what their function as a business is, in 

order to determine where they want to position themselves within the STE sector. This entails that 

they need to look beyond costs for a while, or at least place it in relation to the other aspects of their 

business strategy. Our advice is, that instead of focusing on technology, companies should focus on 

pushing the technology. Consumers who buy green are doing so from a value-based judgment, 

similar to how consumers are willing to paying more for organic foods or how they pay for bottled 

water rather than almost free tap water278. In turn, companies looking to target this market should 

employ a value-based marketing strategy that seeks to build long-term trust-based relationships 

with customers. If STE is considered a niche luxury product, it is not a large leap of faith to suggest 

that they have to start portraying and marketing themselves as such. With the increasing and 

persistent media focus and public attention on energy crisis and supply, this looks to be a strategy 

that is viable in the long-term. This strategy can be implemented through a variety of different, but 

complementary initiatives, designed to suit the strengths and ambitions of the individual firm: 

    

   – Marketing and branding strategies: One important aspect of STE technology is its relative long 

history, a fact that remains largely unknown to the majority of non-industry insiders. A viable 

strategy might therefore be to play off the history of the individual companies by promoting their 

lineages and main personnel. Different ways to do this could be to boost mainstream appeal by 

sponsoring relevant events, sports leagues and teams, or perhaps tie the company and its products 
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to relevant lead members of the organization such as CEOs, head engineers or researchers that 

could act as charismatic leaders. This could be an efficient way to brand key technology, by letting 

the public know who built it and the process that brought about its invention, thereby creating and 

controlling the story behind its inception. As we have seen in recent years, art and political 

sponsorships have been used to great effect in the climate debate, and STE producers stand to 

benefit from similar initiatives. In general a stronger focus on branding the company through the 

use of logos, slogans, names and similar marketing strategies could be of great benefit. By 

identifying and attaching themselves to strong identifiable symbols, brands or people, STE 

promoters can bridge some of the gaps between themselves and their end-customers caused by the 

perceived technical obscurity of the product and industry. This should be an integrated approach 

with consequences for the overall business model that would result in greater transparency, better 

investor and stakeholder relations, and more-user friendly interface, all directed towards 

maintaining a corporate culture consistent with the values the company is trying to promote. This 

will not only set the company apart from its competitors in the minds of consumers, and introduce 

and educate potential customers on what STE is and what its benefits are, but also reduce the 

public’s perceived risk of investing in renewable energy by making it seem safe, stable and 

relatable (not to mention that a strong brand and high consumer awareness acts as a significant 

entry barrier to potential entrants).  

   – Cooperation and the integration of value chain and stakeholders: Companies must take a 

proactive approach, partnering on several different levels with related stakeholders that have shared 

values and objectives. This could include partnering-up with selected utilities that might also be 

trying to differentiate themselves, in order to target affluent consumer segments willing to pay extra 

for clean energy. Alternately producers could reach out to socially conscious businesses like 

Google that benefit from being associated with clean technology, to garner investment, form 

partnerships and fuel large research facilities, university towns etc279. This may not be suitable for 

industrial customers who have high energy requirements like refineries, automobile manufacturing 

plants etc, but rather for tech-intensive businesses or services who place a high value on public 

image.  

   A similar alternative would be to reach out to governments who brand themselves as being clean; 

in America this could be individual states like California or Oregon. In Europe, one fascinating 

perspective could be a cross-national clean sector in the Mediterranean-belt encompassing Spain, 

                                            

279 This could prove to be a particularly efficient strategy, since business customers use about 2/3 of the electricity supply (Makansi 
(2002;42)    
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Italy, France, Portugal and Greece, countries who have all expressed an interest in STE and have 

some form of tariff system in place to promote it. The inclusion of STE in these countries’ 

generation portfolios could be part of a larger place-branding initiative, similar to the way that 

windmills and what they represent have become synonymous with Scandinavia. In the case of the 

Mediterranean countries the implementation of significant STE projects could be a step towards re-

branding themselves away from their original competencies of agriculture by modernizing and 

converting to more technologically advanced forms of industry that are more competitive and 

sustainable in a globalized environment. Such initiatives would not only have the functional value 

of providing a clean source of energy and adding considerable value to otherwise unusable land, or 

perhaps even reviving traditionally farming-based regions that are no longer competitive. It would 

also have an influence on the general perception of the region, which if marketed properly, could 

kick-start a wave of modernization and transition towards investments in similar cutting-edge 

industries. In these efforts an important fact to consider is the visual impact of such a project: just 

imagine a sunrise drenched Sicilian countryside bathed in golden light that shimmers and reflects 

off the state-of-the-art collectors, silently producing clean energy to power the surrounding cities 

(this of course in contrast to loud, smelly, pollutant traditional fossil-fuel plants). Once again the 

visual dimension needs to be considered as an important way of creating and managing 

perceptions.  

 

Fig. 12 – The Aesthetic as a competitive advantage - Two tower plants in Seville280 

 

                                            

280 Copyright Abantia 2008 
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   The approaches we have mentioned should be part of a larger strategy to extend operations and 

integrate key stakeholders with vested interest in a symbiotic relationship from which all parties 

profit281. To fully benefit from this strategy, it must be accepted that interaction with other parts of 

the value chain are not a zero sum game in which one gains only at the expense of the other, but a 

relationship in which both parties can gain282. More efficient integration of a company’s expanded 

networks can be used for bargaining power, to assist entry to markets the targeting of key 

segments, to eliminate transaction costs, and to gain valuable first hand knowledge and operational 

experience in related segments, which ultimately dissipates the risk of doing business. Extensive 

collaboration and close ties can also help establish some of the fundamental structures lacking in 

emerging industries, for example, the STE sector as a whole benefits from the project developer 

approach, since the developer can match and bring together players that would not normally find 

each other. Porter stresses that “[…] both coordination with suppliers and hard bargaining power 

to capture the spoils are important to competitive advantage. One without the other results in 

missed opportunities283”.  

   This strategy can be expanded to include the finance stage as well, which is particularly important 

to renewables because RETs often have high capital costs and are perceived as having high 

resource and technology risks that disadvantage them in the financing process284. For decades, 

project finance has been the preferred form of financing for large-scale infrastructure projects 

worldwide285. Project finance is the financing of large-scale assets using debt and equity, where 

sponsors and investors provide the equity and a syndicate of banks286 the debt. Following our 

previous rationale, a possible closer integration of investors and developers may ease the 

procurement of capital. Companies should develop a product that is aimed at increasing the equity 

share in the company, through non-traditional informal means. The abovementioned approach of 

co-operating with companies with a high environmental profile could be extended to include these 

companies as equity partners in the projects, in order to take some or all of the output of the plant. 

   – Movers and Shapers under uncertainty: As a final link in the differentiation strategy, potential 

market leaders need to proactively assume a market leading position and strategy, capitalizing off 

                                            

281 This opportunity will be further examined in the following section on the alternate means of adding value to a product through a 
system’s value chain and closer channel linkages. 
282 Porter (1985) 
283 Porter (1985) 
284 Wiser & Pickle (1997)  
285 Sorge (2004;91) 
286 Debt of this type is often referred to as syndicated loans because it involves more than two lenders. The reasons for syndicating 
loans is simply to mitigate risk by increasing the numbers of lenders who then each hold a smaller amount of debt in a project.  
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first their first mover advantages to build market share and expand the company’s operations287. 

Size increases give the firm significant competitive advantages that can be used for bargaining 

power and negotiation along the vertical channel, and to deter new entrants through structural 

barriers created by natural marketing advantages. This strategy must also be seen in light of the 

uncertainty faced in an emerging industry. Using the terminology of Courtney, Kirkland and 

Viguerie (1997), STE promoters competing in an uncertain emerging market with high technical 

innovation are faced with a range of potential outcomes for the future but no natural scenarios for 

action. The producer can anticipate that the actual future outcome will lie somewhere along a 

continuum of possible outcomes that are defined by a number of key variables, such as 

technological performance or legislation, but not having knowledge of the precise outcome of these 

variables, his choices and estimates are constrained and generalized to the point of forming a few 

scenarios that rarely provide concrete guidance for current strategic decisions. Faced with these 

scenarios, and knowing that his competitors face them too, he can either act to shape the future (by 

assuming the leadership role in establishing how an industry will operate), adapt to the future (by 

winning through speed, agility and flexibility in recognizing and capturing market opportunities), 

or reserve the right to play (by investing sufficiently to stay in the game, but avoiding premature 

commitments). In terms of STE, most players have assumed the ‘adapt to the future’ or ‘reserve 

right to play strategies’, owing to the high risk and capital requirements, and the relatively high 

potential impact of each individual plant that is built, as well as the lack of information and market 

data. But it is difficult to keep operations flexible in the STE field due to the large-scale, heavy 

industry nature of the business. Furthermore the budding markets are lacking in direction and 

would be comparatively easy to influence, and instead of seeing the lack of structure as a threat, 

promoters need to consider it an opportunity. Entrepreneurial promoters should therefore adopt the 

strategies suggested so far as part of an overall ‘shaper’ strategy. Facing a range of potential 

outcomes, shapers must attempt to move the market in a general directions, for example by laying 

down infrastructure specifically designed for their technological needs, which will force other 

producers to invest in the same technology if they wish to benefit from this infrastructure. More 

importantly, the goal of a shaper is to provide a vision of industry structures and standards that will 

coordinate the actions of other players and drive the market towards a more stable and favorable 

outcome for the company in question. Such an initiative is demanding and must be employed as 

early as possible, while the sector is still finding its feet, so that the seeds sowed today can be 

reaped tomorrow and for years to come. 

                                            

287 Similar strategies have been put to use by companies in other sectors of the energy industry such as GE and Vestas. 
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   – The benefits and long-term goals of an market-shaping, value-based differentiation strategy: 

We realize that this strategy is not an easy one to implement, and it will most likely be limited to 

certain larger, more intrepid players who have the resources and managerial capabilities needed to 

implement it successfully. The main setback to a marketing and value chain based differentiation 

strategy is that it would be difficult to implement effectively at the current time because of the slim 

profit margins and the general tendency to sacrifice other areas of operation for the sake of 

advancing technology. A leader/shaper strategy would require big-bet investments in infrastructure, 

technology and public relations, and therefore might be unsuited for smaller players in the market 

unable or unwilling to invest for the long term.  

   Also, one has to question whether said strategy will prove successful in an engineering- or 

network based industry like energy. In our interpretation, this argument largely depends on who 

one chooses to see as the primary customer. Under a monopolized industry, the main customer was 

seen to be the direct one (utilities) and so producers naturally focused on technology and cost 

competition. But if companies are to employ the noted strategy, they must shift their focus towards 

targeting the end customer: the energy consumer, especially in a deregulated market-based industry 

with increasing consumer choice. This is one of many attitude shifts that need to occur; in many 

ways it is already taking place by itself as the market deregulates, but STE producers need to both 

follow and promote this transition. If the energy industry is truly becoming a conventional market, 

then companies must begin to think of themselves as players in a market competing for customers, 

and plan their strategies accordingly.  

   The battle of RE vs. traditional fossil fuels is in many ways an ideological one, and ideologies are 

related to ideas and beliefs. These ideas and beliefs are created with time, and therefore the ulterior 

motive behind an outgoing, public relations-heavy strategy is not only to advance the company and 

its products, but also to determine the most fundamental ways that the public thinks about the 

product as a good or service. What promoters need is to implement a paradigm shift towards a 

more holistic understanding of cost and benefits, where stakeholders place increasing importance 

on non-cost related factors. Picking up where our 5 forces analysis left off, the long-term goal has 

to be to ‘create’ the story of energy as being more than a non-differentiated cost-based product; if 

this goal can be achieved, producers will find their bargaining power considerably augmented at the 

expense of their buyer’s. Producers must convince their customers that issues such as health, 

environment and well-being, both individual and societal, are influenced by their choice of 

electricity generation, and energy must been thought of as a differentiated product, where 

‘cleanness’ and quality are considered as important variables that dictate choice alongside or even 
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in preference of cost288. As impracticable and quixotic as that sounds, this goal is becoming 

increasingly realizable with deregulating markets and consumer demand for clean energy, – in fact 

it would be a great example of Porter’s “anticipating shifts in the factors underlying the competitive 

forces and responding to them”. The goal of the individual producer must now be to complement 

these externally motivated shifts in the underlying factors, with firm-specific strategic moves aimed 

at further influencing the balance of the competitive forces. Though individual companies are small 

and cannot implement this shift on their own, they must realize that they are a part of a multiparty 

effort taking place in many overlapping spheres of social life, and must find a way to tap into that 

movement and use it to their competitive advantage. Perceptions, ideas and beliefs are created 

through negotiation and persuasion between key social actors289, and companies must attempt to 

create and manage the mental linkages made between clean energy, its benefits, and the company 

as a representative of that. In this effort we once again stress the importance of storytelling and the 

visual impact of the ‘sign’ and what it represents as a significant method of creating and imparting 

meaning290. Again this implies a large leap the most fundamental views about why and how we do 

business: “Social reality is constructed by the way that humans think and talk about it, by the way 

they describe it and explain it, and by the agreements they reach about it. [...] in organization and 

management science today it is not important whether a statement is true or false, but whether the 

fact or statement is accepted, saleable or valid for a larger audience”291. The individual promoter 

must work towards actively creating a demand for their product, creating new markets, and 

ultimately creating the very definition of who they are, what they do, and why this is important. Let 

the final word be a combination of the proposed and the practical: “Growth in a sector often occurs 

when the definition of the sector is expanded”292.  

 

5.3 Opportunities along the Supply chain and in Supporting Industries 

By now it should be clear that the inner competitive within the STE promoter segment is 

increasingly competitive. Leading producers have decades of experience and significant leads in 

technology, and more established companies such as IPPs have the clout to negotiate specialized 

agreements with utilities and developers of infrastructure, they have experience in developing their 

                                            

288 “Consumers tend to be more price sensitive if they are purchasing products that are undifferentiated […] and of a sort where 
quality is not particularly important”. (Porter 1979;6)  
289 Nymark (2000;14)) 
290 Weick (1990) 
291 Nymark(2000;13) 
292 Makansi (2002;186) 
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individual technology, larger advertising budgets, perhaps even some brand value, not to mention 

that they get more media exposure. Therefore it would be very difficult for a new entrant to 

compete since they face high entry barriers and can offer little in terms of competitive advantages.  

   But the industry growth and competition also create new opportunities along the supply chain. 

One of the conclusions from our 5 forces analysis is that the various links in the industry value 

chain are subject to ongoing expansion, with increasing specialization and outsourcing taking 

place. As one section of the value chain grows, the rest will follow to meet the increased demand 

this expansion entails, and so growth in the producer/developer level creates demand for related 

supplies and services. By moving the focus and activities downstream or horizontally, a firm can 

avoid some of the inherent risk of entering the producer segment, while still benefiting of the 

industry growth. We have highlighted two specific areas of opportunities that this expansion opens 

up along the value chain.   

 

   – Channel Linkages and Opportunities along the Supply Chain: Companies can take advantage of 

the lack of supply for specialized parts and the inherent dependency that this puts on producers. 

Instead of competing at the producer level where rivalry is intense, players should shift focus to the 

specialized technical component industry, where internal rivalry is lower. The weakness of this 

strategy is that companies would still be competing in a highly knowledge intensive environment 

and would still require hard-to-come-by labor resources. Also they would be competing with 

suppliers that are in an oligopoly type competitive situation due to their patents and supply of key 

components, making entry extremely difficult. But since the supplier segment is much less 

developed and highly concentrated this also implies a lack of competition, where the marginal 

gains of each new entrant is substantial due to the high latent demand for products if the high entry 

barriers could be overcome. This is widely known, and for this reason it is expected that some of 

the current producers who have spread their activities across several links of the value chain, will 

eventually settle into the components sector as the need for specialization and disaggregation forces 

them to select one business unit or area as their primary focus. A further threat is that suppliers of 

specialized components are closely tied to the fate of producers, and any shifts in demand due to 

swings in the economy, could result in overcapacity which will force suppliers to cut their prices, 

and lower their margins293. A full evaluation of the opportunities in the STE supplier sector will 

require a separate study similar to this one. 

   – Opportunities in Services And Supporting Industries related to STE, Plant Technology and the 
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Product Value Chain: STE is identified as a sector with a high potential for service outsourcing; as 

one of the few areas where the possibility of competitive gains exist, STE producers are likely to 

focus on service and O&M as a way to boost their competitive advantages294. This opens up the 

demand for a service market capable of providing either tailor-made or specialized solutions to 

STE generators. Based on the properties of STE plants, we have outlines a few technical areas 

where opportunities for increased specialization exist.    

   For obvious reasons plant locations are dry which in turn produces a lot of dust. This is a 

challenge both for the durability of exposed components and for the performance of the mirrors. 

Whether trough or tower designs, plants contain a significant amount of mechanical parts that will 

wear and tear as they move while exposed to dust. In this environment reliable parts are essential to 

performance, and so the manufacturing of engines and parts that are easily replaceable or more 

durable than current components could reduce O&M costs. The convenience of mass-produced 

standardized parts would also enable O&M service teams to oversee more than one plant if several 

where placed in a cluster. The dust not only affects mechanical parts but also mirrors by reducing 

their reflection, which can have significant impact on plant performance; both trough and heliostat 

mirrors are washed regularly to ensure that reflection continuously is at projected level. 

Opportunities therefore exist for firms developing special repellant coatings and/or faster washing 

methods that would decrease a plants off-line time, thus increasing performance. 

   Heat storage is another opportunity for suppliers to link themselves with STE producers. The 

ability to store heat is STE´s main advantage and several options are currently being investigated in 

both direct heat transfer where the heat transfer fluid is led directly from receiver tubes to storage 

tanks (steam and molten nitrate salt), and indirect transfer where the heat transfer fluid is led 

through a heat exchanger to shift the heat to another storage medium (molten salt). The first 

opportunity offers greater performance in terms of heat loss, however the downside is that the 

steam must be under high pressure to reach sufficient temperatures, which in turn makes 

components more expensive as they must be able to withstand such pressures. The molten salt 

nitrate has a high freezing point requiring additional heat to keep it liquid, and a low viscosity that 

only allows for use in trough plants with aforementioned dual media solution, resulting in heat loss. 

Both opportunities are currently being investigated in plants and offer opportunities for suppliers of 

equipment suited for high-pressure use, as well as suppliers of chemicals.  

   Common to these three component-related opportunities is that suppliers must engage in close 

cooperation with STE producers since “[…] technology is usually not a single entity or component, 
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but is instead a system or a process made up of many components. To understand the technology’s 

development and ultimate feasibility, you need to drill down to the component layer, know what 

the core components are that need to be developed, and know how those will ultimately interface 

with the standard components295”. This integrated approach is in itself a source of opportunity, as 

STE plants, like all power plants, rely heavily on IT for logistics and operations. All processes in 

the plant, from mirrors tracking the sunlight to temperature readings, are controlled by advanced 

systems that allow fewer people to operate several plants, as many routine tasks such as monitoring 

are done more accurately by computers. The development of related software or better integration 

of existing IT interface therefore presents another business opportunity for third party providers. 

An alternative to this could be to provide training to new employees, since the sector suffers from a 

lack of specialized human resources and had a strong demand for competent staff ready to assume 

their duties without the need for much additional training.   

   We have already mentioned differentiation as a viable generic strategy for STE generators, and in 

this connection, the ability to implement such a strategy would most likely require cooperation with 

companies engaged in branding, advertising and lobbying. The activities of such companies would 

add value to STE by increasing the public awareness of its existence and bringing it into their 

considerations when buying or investing in RE. These type of activities correspond with Porter’s 

identification of channel linkages as a means of adding value to a product296: these complementary 

channels perform a number activities that are not directly tied to the manufacture of the actual 

plants, such as sales, logistics and advertising. Therefore, another opportunity within the market 

would be to examine the product’s value chain and either improves upon existing service areas that 

add value, or to create brand new innovative ways to add value to the product.  

   Regardless of the approach, the benefits of entering these complementary markets is that they are 

much less capital intensive than actual STE generation; companies can be smaller, flexible 

knowledge-intensive units and work across the globe rather than be tied down by production 

facilities in specific locations. This also allows them to avoid many of the entry risks and costs 

barriers associated with STE production, while still being able to derive synergy from the 

cumulative benefits of cluster presence. Though the outcome of related industries will still 

ultimately be related to the general performance of STE generators, these players won’t incur the 

same high risks, losses or rewards – therefore this remains a solution/opportunity for the more risk 

adverse companies and investors. 
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Section 6 – Conclusions and Summary 

6.1 Conclusions: What are the Strategic Opportunities for Entry and 
Investment in the STE Sector and how can they best be Exploited?   

Our description and analysis of the STE industry paints a picture of a high risk sector emerging in 

the form of production-based cluster markets, with significant growth potential and opportunities 

for both STE promoters and companies along the entire value chain. This potential for growth is 

strongly motivated by the capabilities of STE technologies, in particular the ability to supply both 

base- and peak-load demands through heat storage systems, as well as the expectations for 

prospective technological innovations to come.  

   We have pointed out the changes taking place within the European electricity industry, namely 

deregulation and consolidation, and shown how these are expected to influence STE by creating a 

competitive market focusing on a diversified generation portfolio to meet political requirements for 

RE shares. The current STE markets were found to be few, small and underdeveloped, but as 

demand and production increases, further growth is expected in the existing markets of Spain and 

the U.S. as well as in new markets in the MENA regions and other emerging economies. Growth in 

the STE sector is driven by a convergence of technological advances; government policies and 

supportive legislature; and increasing public and private investments; all of which lower costs and 

risks, and increase the attractiveness and competitiveness of STE. In spite of this, further market 

penetration is hindered by a series of structural, technical and legislative barriers, some related to 

technology and some to the level of sector development, and therefore intervention of some form to 

negate the detrimental impact of these barriers is a prerequisite if the sector is to evolve further.  

   The five forces analysis showed that the STE industry was a high risk, high competition sector, 

due to the emerging stage of the sector, the lack of market leaders and comparative advantages, as 

well as structural barriers related the relative power of key component suppliers, powerful buyers, 

and potentially competitive new entrants. However, continued growth and market evolution, the 

adoption of new legislature, and overall shifts in the electricity industry and consumer demands are 

expected to influence the underlying competitive forces, which will in turn alter the fundamental 

structures of the STE sector in the coming years. An evaluation of various cost and competitiveness 

evaluations showed that costs and risk can be considered synonymous, and that costs, risk, and 

development-related growth can be taken as three interdependent coefficients directly related to the 

relative performance of an STE plant/promoter. This information was implemented in the 
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opportunity study, where the overall aim was to reduce overall costs by lowering risk or promoting 

growth.  

   This preceding information was necessary to gain an overview of how markets within the sector 

function. The aim of this paper has been to answer the following question: What are the 

opportunities for new entrants in the solar thermal energy market and how can they best be 

exploited? The findings were as follows: 

   The main opportunities were found to be in the Mediterranean/Southern European markets, 

particularly in Spain where the combination of climate, geography, supportive legislation on both 

the local, national and EU levels, and the presence of a rapidly developing production-based cluster 

market serve to reduce risk and increase investment attractiveness. There were however concerns 

of how much activity the market could sustain, and what long-term effects a change in legislation 

would have on the market’s attractiveness.  

   Furthermore, a series of strategic opportunities were identified, that together would constitute an 

ideal value-based differentiation strategy meant to profit off the uncertainty of the sector, the 

modest amount of installed MW capacity, the presence of many generic competitors with few 

comparative advantages, and the micro-and macro-level changes that are shaping the development 

of the sector. The three main components of this strategy was to strengthen the company’s 

awareness and culture through marketing and branding, to integrate key stakeholders, and to 

attempt to proactively shape the industry as it develops. Such a strategy was deemed successful 

because of its short-term benefits of building awareness and market share, and its long-term effect 

of instigating fundamental changes in the competitive forces underlying the sector by influencing 

the public perception of STE.  

   Further opportunities were identified along the industry value chain in supplier segments and 

service industries that are expected to mature into further profitability as demand grows and 

specialization occurs. The opportunities in these segments arose from the current lack of 

competition and low supply, coupled with increasing demand from a growing producer segment.   

  

6.2 Further Discussion and Future Developments 

Having reached the conclusion of this paper, it is relevant to refer back to its introduction for 

discussions on how these findings can be put to further practical use. As noted, since the aim of this 

research has been limited to providing a general introduction to the sector and main opportunities, 

there is still much opportunity left to apply or build on the information we have provided. In the 
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short span of this paper we have touched upon many diverse areas of relevance to STE, and in spite 

of this our analysis still requires additional supplementary information to gain a full understanding 

– an indication of the complexity of the material and markets we have studied. Our findings must 

now be applied in combination with more specialized technical analysis of various markets and 

companies in order to validate and disprove it; once this type of data becomes available, it will not 

only make analyzing and forecasting easier for scholars to come, but will serve to legitimize the 

claims of STE producers and developers who currently deal in uncertainties. Several key questions 

have emerged from our studies, questions that need answering in order to fully estimate the impact 

that STE will have on the energy industry.  

   Our research clearly indicates that STE has emerged as a popular technology in the past several 

years, but doubts must linger whether this may simply be a short term spike in popularity motivated 

by 2006-2007’s high oil prices and the hopes attached to a novel product by environmentalist and 

investors alike. Historically we have seen that the popularity of RE rises and wanes in a cyclical 

pattern, and although a series of factors seem to indicate that this recent growth is of a more 

enduring kind, there is a possibility that this recent spike is merely a product of market fluctuations. 

Similarly there is talk of a "green bubble", with investors and speculators clamoring for the most 

high-growth sectors of the RE industry, thus inflating the value of these companies above their 

actual value for short-term gains297. Short-term financial gains in the electricity industry are usually 

driven either by marketing hype or temporary market forces that are outside of the companies’ 

control such as expectations for the coming seasonal weather or short-termed unproven 

legislation298. The adverse effect of speculation is that it can lead to overbuilding, which eventually 

ends up undermining the technology and market progress299. Added to this is the risk that STE 

companies are contributing to this excitement with their attempts to feed off the recent publicity 

and interest by promising more and cheaper electricity than they can deliver. On the heels of these 

promises lead developers have managed to snap up many contracts of monumental size (such as 

Brightsource obligation to deliver 1.3 GWs to Southern California Edison) and it remains to be 

seen whether they can follow through with the actual delivery of energy in those sizes. When 

evaluating new unproven technologies there is always a hazardous tendency to underestimate costs 

and overestimate the coverage area, and if they are unable to meet their own claims STE promoters 

will have undermined their own credibility with long-term repercussions to follow. As it stands, an 
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impatient industry and audience are currently waiting for the results of the construction and 

development taking place, and the practical outcomes in the coming 3-5 years will indicate and 

determine the future direction of the sector. Based on this cautious anticipation of results and the 

current industry down-trend in general, the next 2-3 years could well see a stall period for new 

capacity installations, as the results of the current installations are collected and assessed.  

   Presuming that STE turns out to be competitive in the near term, another related question is 

whether it will have significant staying power in direct competition with other renewables in the 

long term. In an innovations-driven industry it is always possible that some other form of 

renewable energy will come by and overtake it, making STE obsolete in the same way that STE is 

predicted to make current technologies superfluous. However, it seems unlikely that one 

technology will completely dominate the market – based on utility’s demands, the most likely 

outcome will be a portfolio diversified with various RE technologies to account for the deficiencies 

of the respective technologies and balance out the risk. Therefore STE promoters need to be the 

best within their sector to remain competitive.  

   Our project coincides with what has to be one of the most important and interesting times for 

STE, as it transitions from an emerging industry to a fully-fledged growth industry. Yet this 

transition happens to coincide with one of the most precarious periods in macro environment. With 

oil prices dropping suddenly and less liquidity circulating, competition is tougher than ever. Even 

though the central prospects mentioned in our introduction still hold true, it now appears that only 

the lead players will have the capabilities needed to survive for long enough to fulfill these 

prospects.  

   But all of this remains speculation. At present time, the most important task is to address the 

challenges of scaling up. Will the technology still be as reliable when plants are in the 500 MW 

range? Can STE be a stable and cost-effective technology even in mass-production? This is 

essentially the key question that will determine the future of the sector in the eyes of policy makers, 

investors and the general public. As Ausra CEO David Mills puts it: " […] it's not just a costs 

argument. It's actually a validation [of the technology] that has to take place"300. For now this 

question remains unanswered, but in the face of so much uncertainty, one fact is known. The 

development of the STE sector is an ongoing process that has 20 years behind it, and will probably 

not be fully realized for another 20-30 years to come. But the coming years undoubtedly have a lot 

more economic, social and environmental perspectives than the preceding. 
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Section 8 – Appendix 

8.1 Additional Figures and Graphs 
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Fig. 13 - Primary Russian Oil and Gas Pipelines to Europe301 
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Fig. 14 - A Herfindahl index showing the EU electricity generation mix 1990-2002 302 

 

 

Fig. 15 - Four stages in the development of STE303 
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Fig. 16 - The STE Global Value Chain 
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