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ABSTRACT 

 

 

 The photovoltaic energy markets around the world have progressed unevenly, primarily as a 

result of industry-specific externalities regarding political, environmental, and economic 

market factors.  Photovoltaic technologies present solutions that address the concerns about 

pollution and long-term energy security attributed to contemporary electrical generation 

methods.   To date, photovoltaic technologies have not met the levels of anticipated 

electricity contribution on an international basis, even though awareness of global warming 

and demand for electricity both continue to rise.  

 

The purpose of this study was to identify, prioritize and ultimately present potential market 

factors multinational firms may utilize as part of a focused marketing strategy to increase 

implementation of photovoltaic technologies.   Most marketing strategies of photovoltaic 

technologies predominantly emphasize the benefits that impact large groups or a nation but 

often do not clearly provide motivations for the individual as a consumer.  Current 

technology within the photovoltaic industry provides a wide variety of potential benefits such 

as the reduction of carbon dioxide emissions; however, emphasizing these benefits may not 

be the most successful marketing strategy.  Appealing to group benefits may have been 

appropriate for early adopters.  However, to penetrate larger, second generation consumers, a 

different marketing strategy is suggested.   This research suggests that the most effective 

market stimuli for the photovoltaic industry are the various forms of financial incentives that 

most directly benefit the individual consumer.   It is concluded that marketing strategies need 

to focus more on the benefits to the individual rather than the broader national or societal 
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benefits.  While benefits that focus on public good are important, this research finds that 

marketing strategies should focus more private good benefits such as financial incentives.  
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FOREWORD 

 

The modern consumers of the 21
st
 century live in an age of competing choices.  Marketing is 

the mechanism used to ñkeep the means of production-our products and services-in touch 

with our evolving social and personal conditionsò (Moore, p27. 2002).  Few current issues of 

the global economy are as dynamic as that of energy. Currently, one of the most emotionally 

charged perspectives of energy is renewable energy, with all its potential implications for the 

global economy and environment. The potentials of renewable energy are both exciting and 

intimidating at the same time. This research sought to evaluate one of the most promising 

segments of renewable energy, photovoltaics, and evaluated some political, financial and 

environmental factors in order to better shape multinational marketing strategies. 

   

Energy markets around the world have begun to re-examine the costs and benefits attributed 

to conventional electrical energy production methods by broadening considerations that 

reflect both environmental and security issues.  As demand for electricity soars, so do levels 

of pollution and the perceived supply volatility associated with conventional fuels.  The 

subsequent ripple effects on the conventional electrical generation markets have influenced 

the growth of photovoltaics as a viable substitute in many major markets around the world 

(Bradford 2006).  Solar energy has been identified as a renewable energy alternative that may 

be able to contribute up to 30% of the worldôs electrical demands by the year 2030 (IEA 

2005).  Unfortunately, after more than two decades of technical progress and increased 

investments that have reduced the cost to produce solar modules, the adoption of 



9 | P a g e 

 

photovoltaic technologies remains highly scattered, with only a few international markets 

realizing significant installed capacity.  

 

Renewable energy in general, and photovoltaics in particular, provide a unique set of benefits 

such as scalability, a stable technology platform, and the ability to provide a fixed cost to a 

major energy source. Consumers seeking to invest in alternative sources of energy will each 

have individual reasons for adopting solar as an energy source.   Multinational manufacturing 

firms in this sector have attempted to identify what factors most significantly influence 

potential customers considering investing in solar energy.  The challenge occurs when the 

unique set of benefits solar energy provides are compared with the established benefits of 

conventional electrical energy products. Too often, photovoltaic manufacturers appeal to 

benefits that are not focused upon the individual consumer but rather on broader national 

benefits such as the reduction of pollution levels.   This study examined a group of market 

factors and concluded that current marketing strategies are not well focused to maximize 

increased future photovoltaic sales.  Of the factors measured, financial incentives resulted as 

the most consistent factor for increasing installed capacity of photovoltaic services within the 

analyzed countries.  The factor of price for commercial electricity did have notable 

exceptions when analyzed by country.  Levels of carbon dioxide were determined to be 

secondary to financial incentives as a potential marketing factor, concluding that incentives 

should play a prominent role in the marketing strategies of multinational photovoltaic 

manufacturing firms. 
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CHAPTER 1:    INTRODUCTION 

Introduction of the Problem 

Fossil fuel energies such as petroleum derivatives, natural gas and coal have propelled the 

global economy to new heights, changing how the world produces and moves goods and 

services for the past two hundred years (Black 2006).  However, these traditional forms of 

energy face growing concerns regarding the availability of long term supplies, potential 

impacts on national security, and the impact of environmental pollution.  These concerns 

combined have contributed to the accelerated interest in developing alternative forms of 

renewable energy such as wind, solar and hydro power.  From these alternatives, solar 

energy, created by the use of photovoltaics, has been positioned as an alternative for 

producing electricity that represents a solution that directly addresses the concerns related to 

conventional electrical generation techniques.  To date, however, the international levels of 

adoption for photovoltaic technologies have been inconsistent, with only a few key nations 

demonstrating a high level of commitment to the technology (Bradford 2006, Bubenezar 

2003). 

Multinational firms competing in the photovoltaic industry currently rely upon a broad set of 

messages in their marketing campaigns.  The potential benefits presented include (the 

reduction of carbon dioxide, stability of the price of electricity as a hedging tool, reduced 

burning of carbon based fuels, energy security, unlimited access to the sun, utilization of a 

safe technology) and the potential of financial incentives.  The blending of such diverse 

potential benefits may leave a potential consumer confused about why to purchase 

photovoltaics and therefore diminish the number of installations.   
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After considering the list of presented product benefits, the marketing message of the 

photovoltaics industry can be separated into two different marketing categories, public 

investment benefits and private investment benefits.  The discussion of public and private 

goods is well established (Samuelson, 1954, et al) and is relevant to the marketing of 

renewable energy technologies as existing literature frequently focus upon benefits beyond 

traditional individual marketing strategies.  Global warming, and the related topic of 

reduction of greenhouse gases, is a classic example of marketing initiatives that address a 

public good.  This research classifies a public investment benefit as one that is equally shared 

by all members of a given community equally regardless of choice to participate in a specific 

behavior.  A private benefit is one that is only enjoyed by those that actively choose a 

specific behavior and the benefits are not shared with others in the community.  As the 

marketing of photovoltaics equipment often attempts to combine the two perspectives, it may 

be suggested that the decision process for prospective customers is unnecessarily complex 

and can be more focused to promote future growth of the industry.  

Photovoltaic equipment manufacturers often focus marketing messages that identify 

environmental benefits such as the reduction of carbon dioxide levels (Farhar, Houston 2000, 

Day 2002).  There may be additional market factors photovoltaic equipment manufacturers 

need to consider as potential barriers of future adoption of photovoltaic technologies.  Travis 

Bradford, of the Prometheus Institute in Boston Massachusetts, suggests that the largest 

challenge to the photovoltaic industry is the high upfront investment cost of photovoltaic 

equipment, which can often be in the tens of thousands of dollars even for residential 

customers (Bradford, NOREL et al.).   While many potential investors do value being 
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environmentally conscious (Farhar, Houston 2000), the financial commitment necessary to 

implement a photovoltaic system cannot often currently be justified economically.  This 

leaves the photovoltaic manufacturing firms in an unconventional position of representing a 

product that benefits those that purchase the equipment and those who do not with equal 

levels of the same benefit.  Many of the multinational manufacturing firms in the 

photovoltaic industry focus on the public good benefits (Cowen, Tyler & Littlefield 2007) 

but do little to individually justify the personal investment in this form of technology.   

The majority of firms competing in the photovoltaic industry have experienced constrictions 

of raw material used in manufacturing processes (Bradford, 2006).  Silicon and other silicon 

derivatives are currently the primary raw materials used in manufacturing solar panels.  This 

has resulted in an increase in competition for raw materials with the electronics industry that 

also source significant quantities of silicon for manufacturing (Bradford 2006).  The 

technology used in photovoltaic electrical generation is stable and reliable and has not been 

considered a barrier to increased adoption of the technology. However, adequate levels of 

production of photovoltaic modules have been an issue for the industry because current 

manufacturing capacities have not been able to keep pace with demand throughout the past 

five years.  In addition, production levels have yet to achieve full potential economies of 

scale, which will further contribute to a more competitive price per kilowatt of generated 

kilowatt in relation to current conventional generation methods.   Even with this limitation, 

the price per kilowatt generated using photovoltaic technologies for residential, commercial 

and industrial applications has consistently fallen over the last ten years (Bradford 2006).  

Lower prices have also allowed photovoltaic energy to become more competitive as an 
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alternative to commercial electricity in some markets when combined with other market 

factors.  Increased competition with the electronics industry for raw silicon has resulted in 

rising costs of silicon that has slowed the continued price reductions and delayed shipments 

of photovoltaic modules.  This strain on the supply chain has impacted most of the major 

manufacturers of photovoltaic modules, reducing their competitive ability.   The pending 

increase in the supply of raw materials is projected to reduce costs of photovoltaic panels and 

the subsequent cost per kilowatt of energy produced even further (Bradford 2006).  At that 

point in time, marketing strategies will need to play a larger role in educating consumers 

about the individual benefits of solar energy that will simultaneously benefit all by providing 

a public good.  A reshaping of the marketing strategies of international firms may present 

both public and private benefits more effectively to better position photovoltaics as a viable, 

mainstream energy alternative. 

 

The installation of photovoltaic equipment in the major solar energy markets around the 

world is critical to the success of the photovoltaic market.  The installation of photovoltaic 

equipment is a local function, requiring an understanding of regional environmental, zoning 

or other regulatory guidelines for installation compliances. To date, no manufacturer of 

photovoltaic equipment has the consistent, local installation capabilities necessary to support 

even the major markets around the world.  This service element has been addressed by 

hundreds of independent, local installers in each nation to assist the customer in the 

installation or modification of their existing electrical infrastructure.  The independent 

installers are positioned to have significant influence on a prospective customer of solar 
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equipment; however, the manufacturing firms currently have little or no permanent 

relationships with these firms, which instead serve as independent agents for a variety of 

solar equipment manufacturers.   

Background of Study 

In the discipline of international marketing, scholars have presented a myriad of perspectives 

as to how to approach the introduction of a new product or service into varied international 

markets.  It can be argued that no two markets are exactly the same and that each nation 

possesses a matrix of unique considerations, suggesting that each product requires a tailored 

marketing strategy for each nation.    In addition, each market may not be defined by 

established national boundary lines (Ohmae 1989), but grouped by other cultural, political or 

industrial similarities. Energy is one of only a few broadly common threads all nations share 

in economic activities around the world (See Appendix A: Figure 13).   Electricity as an 

energy form is a vital component in the production of goods or services in nations, ranging 

from the most fully developed to nations still classified as emerging markets (Chart 1 in 

Appendix A depicts historical and projected net electrical consumption by region.)  

Electricity is present in almost every nation around the world; however, the forms of 

generation and levels of demand are different and changing all the time.  Electrical energy 

can no longer be classified as a single isolated industry, but instead as many industries tied to 

the many facets of a nationôs political, cultural and industrial activities (IEA 2005).   The 

combination of these external influences has contributed to the renewed international dialog 

as to how nations view electrical energy generation alternatives.  To date, each nation has 
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responded to the varied dynamics of the renewable energy marketplace differently as a result 

of varied cultural, political, and financial priorities. 

 One aspect of the renewable energy industry that has not received significant debate relates 

to the classification of renewable energy as either a public or private good.  Some scholars 

have debated whether energy in general should be considered a public good or a private 

good. A private good is defined as a good that is both ñrivalrous and excludable regardless of 

priceò (Rowman & Littlefied, 2007).  Pure public goods are the opposite and by nature are 

not exclusive; an example would be clean air or water.  The 20
th
 Century suggests that energy 

may have attributes of both as supported by the parameters developed in The Rural 

Electrification Act of 1936.  In the years following the Rural Electrification Act, the role of 

energy became the subject of a debate among economists.   Mancur Olsen, 1965) saw energy 

as possessing characteristics of both definitions.  Political leadership in the United States and 

Europe discussed the role of government as it pertains to monitoring or controlling pollution 

levels, suggesting that the energy industry is a public good.  If  increased government 

environmental regulation materializes, it will be difficult for governments to implement 

corrective legislation, because as doing so might alter expectations of existing investors who 

own the sunk cost investment of incumbent suppliers.  If the energy industry is classified as a 

public good rather than a private good, financial expectations of investors within the energy 

sector will potentially be altered.   While pollution is an obvious bi-product of energy 

consumption, it may be necessary at some point for governments to pursue increased 

authority to regulate pollution levels within a given nation to maintain group benefits for the 

entire country.  The United States Supreme Court in May of 2007 decided that in fact the 
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Environmental Protection Agency, as a department of the US government, is responsible for 

providing clean air and water as part of its charter to the citizens of the United States.   

The strongest examples of entities that have moved the debate from theoretical to actual 

application include Germany, Japan and the states of California and New Jersey in the United 

States (Chart 2 in Appendix A depicts cumulative installed photovoltaic capacity over the 

last ten years).  Germany is the largest photovoltaic market in the world primarily due to a 

significant governmental effort to encourage customers to take an active role in their own 

energy production (Appendix A: Figure).  Political and be economic policies have resulted in 

financial commitments to renewable energies that have achieved measurable benefits to all 

citizens of Germany (IEA 2006).   The success of renewable energy is often predicated upon 

a more active involvement of individuals, corporations or institutions than current forms of 

energy. Renewable energy consumers take on the added responsibility of sizing, installing 

and maintaining location level equipment that is not required in traditional commercial power 

alternatives.  Renewable energy can therefore be interpreted as a reversal of the dependency 

upon a central or commercial energy source reverting back to a more location level solution 

to specific energy demands.  This behavioral change is the crux of the problems of marketing 

photovoltaic technologies, and is the primary focus of this research. 
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Statement of the Problem 

For the international photovoltaic industry to evolve from isolated geographic areas of 

economic success to a more mainstream energy alternative, a comprehensive understanding 

of the market must be developed.  Solar energy can be classified as a lower-end disruptive 

technology (Christensen 2000) that requires substantial awareness on the part of both the 

potential individual investors and the political leaders within a given market.  While there are 

examples of nation-specific case studies, there is little research that looks at the entire 

international photovoltaic market to determine what has been successful, and what has not, 

that can then be incorporated into the marketing strategies of photovoltaic manufacturers.  

Purpose of the Study 

 The purpose of this study was to incorporate data from multiple nations, ranging from 

developed to developing nations, in an attempt to measure and prioritize actual market 

drivers as measured by installed photovoltaic capacities.   It is the opinion of the researcher 

that current marketing strategies of the major photovoltaic manufacturing firms are too broad 

and lack focus on the motivations of the individual investor.   The most frequently used 

benefits used in promoting solar energy are difficult to measure at the individual investor 

level.  While it is not suggested in this research that stated public good benefits are not 

important, this study will show they need to be repositioned. The potential to identify and 

develop a new set of marketing strategies from the perspective of the individual may be 

beneficial as the industry attempts to attract new commercial and residential users.  The 

possibility that two distinct markets for photovoltaic products may exist, one with financial 
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incentives to invest and a second market where there are no financial incentives.  The results 

of the study are intended to assist firms in assessing what factors are to be emphasized in 

varied market environments.   

Research Questions 

Hypotheses (Group One):   

How does price of utility -provided electricity influence potential photovoltaic customers?  

 It is hypothesized that, in comparison to nations with low prices of utility-provided 

electricity, nations with high prices of utility-provided electricity would be less resistant to 

photovoltaic technologies, resulting in higher levels of installed capacity for photovoltaic 

technologies.   

There are numerous potential factors that influence the final cost of a delivered kilowatt of 

commercial electricity.  This hypothesis attempts to measure photovoltaics as a possible 

substitute in those markets where commercial electric rates are comparatively high.  If price 

of commercial electricity was identified as a potential market factor, firms may adjust their 

marketing strategies accordingly to position the relevant photovoltaic advantages.  Many 

nations such as Sweden and portions of the US have offered electricity that is branded 

ñgreenò as it is generated by renewable energy production methods.  Green alternatives are 

not widespread and are not available in all countries or in all markets.  Where these programs 

have been introduced, electricity is often sold at a premium price ranging from 10% to as 

high as 33% above the price for a ñbrownò kilowatt of electricity.  Clearly, the premium price 
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of green electricity has a potential impact on a given market as the success of these programs 

is mixed.  These conclusions suggest additional future research is necessary to identify how 

the pricing of solar energy output can be designed most effectively.   In some regions of the 

United States during the 1990ôs, marketing of green energy programs failed altogether 

because demand was not adequate to justify continued investments by the regional utility 

firm.  During this same period of time, other nations were able to invest in photovoltaic 

technologies and produce great quantities of electricity, suggesting that there are still market 

factors within the photovoltaic industry that are not fully understood.  The key research 

questions still remain: why have some nations been able to embrace the sacrifices, capital 

investment requirements and learning curve demands of photovoltaics while other nations 

have not been as successful?   What does the role of price, as measured in per kilowatt of 

commercial electricity contribute as a potential factor in evaluating photovoltaics as an 

alternative electricity source? 

 

Hypotheses (Group Two): 

Does the concern for pollution levels such as carbon dioxide influence adoption rates of 

solar energy? 

 

This set of hypotheses was studied to compare nations with high levels of carbon dioxide 

emissions with nations with low levels of carbon dioxide as a possible market factor of 

adopting photovoltaic technologies.  Global warming is currently one of the most debated 

public health issues around the world.  This issue presents an almost unprecedented challenge 

to the global economy, in that as one nationôs policy regarding carbon emissions is 
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determined it will immediately and directly impact neighboring nation environmental 

conditions.  As the debate over global warming has expanded, renewable energies of all 

forms have benefitted from the rising tide of awareness.  This set of hypotheses seeks to 

determine if the factor of carbon dioxide as a proxy for a nationôs overall level of pollution 

may be identified as a contributing factor to the growth of photovoltaics in a given market.  

Currently, reduction of carbon dioxide is one of the more prominent elements in the 

marketing of photovoltaics; however, it is unclear if this factor is actually a sellable benefit in 

marketing of photovoltaic products.    

 

Hypotheses (Group Three):  

Are financial incentives such as rebates or feed-in tariffs effective market stimuli for 

increasing installed photovoltaic capacity within a given marketplace? 

 

 The researcher was able to compare nations that offer any form of financial incentive 

(rebates, feed-in tariffs, tax incentives, etc), with those nations that do not have financial 

incentives, and then measure them as a factor in promoting photovoltaic technologies. The 

existing levels of installed photovoltaic generation capacities measured in kilowatts 

generated are highly varied internationally.  Some nations such as Germany, Japan and 

portions of the United States enjoy substantial quantities of installed capacity while other 

nations with seemingly similar political, economic or institutional infrastructure have not 

embraced the technology.   
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Nature of Study 

Because no rich comparison of potential photovoltaic market factors exist, a quantitative 

exploratory study will be useful to research the presented sets of market hypotheses.  In this 

study, twenty- nine different nations were classified into three economic categories and then 

compared by the set of stated potential market factors.  The dependent variable, current 

installed generation capacity of photovoltaics measured in kilowatts, was used to measure 

progress of photovoltaic technologies in each country.   An empirical analysis was used to 

identify which factor(s) directly correlated with the actual increase in photovoltaic capacity 

in the given nation.  Existing research does exist that analyses individual nations, but this 

research attempted to incorporate multiple factors over a twelve year period to identify more 

comprehensive market stimuli factors.  This research attempts to develop results that can be 

immediately incorporated into international marketing strategies of firms competing in the 

international solar energy marketplace. 

 

Research Scope Assumptions & Limitations  

The researcher made several assumptions regarding the study by limiting the number of 

incorporated independent variables to three.  Price of incumbent electricity as provided 

commercially, levels of carbon dioxide per capita, and a dichotomous variable representing 

financial incentives were the only variables incorporated in the statistical model.  It can be 

argued that other variables may exist; however, lack of reliable data for some nations was 

often a barrier to the researcher.  Additional variables, such as the quantity of electricity 

imported by a nation or statistics measuring energy intensity of a given nation in terms of per 

capita usages, was also considered but not ultimately selected for this research.   
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The nations selected in this research are nations that have measurable levels of installed 

photovoltaic capacities.  The resulting sample of nations is imbalanced primarily because of 

the larger number of developed nations as an economic category, which accurately reflects 

the current imbalance in international photovoltaic installed capacity.     

 

Organization of the Remainder of the Study 

The remainder of the study contains four additional chapters.  In Chapter 2, classical 

international business theories are presented as a theoretical umbrella relevant to marketing 

of photovoltaic technologies.  Additional current literature in the areas of marketing of 

innovative technologies and photovoltaics is also introduced.  Chapter 3 describes the 

methodology used in the study and model selection.  Chapter 4 presents the three primary 

groups of hypotheses as well as the original data collected and applied.  Chapter 5 provides 

conclusions and a prescriptive summary of the research as well as recommendations for 

future extensions of research.  
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CHAPTER 2:      LITERATURE REVIEW 

 

 

 

Int roduction 

The research questions presented in this study examine the impact of three potential market 

variables: price of electricity, concern for pollution, and financial investment subsidies as 

potential market stimuli supporting growth of photovoltaic energy products. There is no 

single study that directly addresses the research questions posed here; however, there are 

many studies that identify and explore elements of this topic as it pertains to the international 

marketplace for solar energy.  Each variable being considered in this study is currently 

positioned in marketing campaigns of the leading photovoltaic manufacturing firms as a 

perceived benefit of photovoltaic technologies.  The literature introduced to this study will 

relate specific streams of research pertaining to identified variable or marketing theories that 

identify how these factors relate to behaviors of consumers of renewable energies.       

 

International Marketing Strategies 

To begin assessing the photovoltaic energy sector from an international perspective, it is 

necessary to review two competing international marketing strategies that are relevant to 

multinational firms seeking to expand beyond domestic markets.  The first stream of 

literature focuses upon Theodore Levittôs work in The Globalization of Markets of (1983).  

Levitt introduces the idea of standardized products that are adaptable universally to all the 

major markets of the world.  The benefits of standardized products will promote enormous 

economies of scale, leading to cost and knowledge efficiencies and establishing a substantial 
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competitive advantage.  Levitt also argues that marketers of standardized products will utilize 

standardized marketing approaches establishing a single, common message for all potential 

consumers.  Levitt uses the example of battery-powered products which are all part of what 

Levitt describes as the ñJapanese gameò.   Consumer electronics ranging from cameras to 

pocket calculators will be dominated by Japanese manufacturers due to the common design 

element of using batteries as a power source.  This stream of literature is interesting to this 

study in that, just as Levitt used batteries as the common element as to why the Japanese will 

dominate the electronics industry, the sun as an energy source can be extended as a common 

element in the photovoltaics industry.  The sun does shine on all nations of the earth and 

therefore an implied standardization of solar modules can be applied to manufacturing of 

solar modules because there is no need to customize solar panels for any single market.   A 

standardized solar module can be sold around the world with no technical modifications, 

potentially applying Levittôs proposed advantages. The second element of Levittôs theory, the 

potential for a common marketing strategy for all markets, is not as obvious a conclusion as 

will be discussed later in this research. 

 

A contrary set of marketing strategy literature is presented by Kenichi Ohmae in his research 

Managing in a Borderless World (1989).  In this article, Ohmae discusses the benefits of 

local management adjusting the ñheadquartersò nearsightedness by applying local 

perspectives to marketing strategies to incorporate cultural differences.  A home market 

manager of a multinational firm cannot have the same equidistant perspective of all markets, 

potentially diminishing marketing effectiveness.  Ohmae (1989) suggests that there will 

always be the tendency to have a home market perspective that may not be appropriate for 
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certain overseas markets.  Local market conditions often require adjustments to the product 

or service to accommodate local regulations or market conditions.     Conclusions suggested 

in this research demonstrate the importance of local solar equipment installers as 

representation for manufacturers of photovoltaic equipment.  To date, the photovoltaic 

industry is too small in scope and scale to provide adequate direct representation of major 

manufacturers through branded local agents. Local expertise within a given market is most 

frequently represented by local, non-branded installers of equipment.  These local installers 

also possess knowledge of electrical codes or other regional information that is beneficial to 

the education of potential consumers.  The local installers of photovoltaic equipment are 

often the last and strongest contacts the manufacturers have to consumers.  These local 

installers do possess the unique market knowledge of a given state or region, providing 

consumers with local expertise in a given geographic market.  Ohmaeôs conclusions are well 

suited for the solar equipment industry because there is a wide variety of local market factors 

to be considered when assessing solar energy.  Regional installers are not usually under the 

direct supervision of any manufacturer, creating a competitive vulnerability for the 

manufacturer. 

 

Niche Market Status 

The photovoltaics industry in 2007 can most accurately be described as a ñnicheò market 

based upon total installed capacity data.  For many new technologies, different stages of 

development have been developed to describe characteristics of the firm, the market and the 

levels of penetration a new product realizes at given points in time of development.  This 

life-cycle model, from invention to market saturation, has been analyzed in numerous studies 
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to provide additional clarity used to react to the market at that given stage.  Generally, these 

models represent an S-shaped diffusion curve showing slow initial growth then leading into 

accelerated growth then concluding with slower growth during saturation phases.  The time 

frame of these different stages can range from a year to many decades (Grubler, 1998) and 

often have periods of phase overlap (Turkenburg, 2002). 

 

Grublerôs Stylized Stages of Innovation (1999)   

Stage Mechanisms Firm Costs Market Share 

Invention R&D breakthroughs, 

applied research,  

Highest and often 

un-focused. 

0% 

Focused R&D Identification of 

applications.  Applied 

research for specific 

projects. 

Highest but 

increasing in focus. 

0% 

Niche Market / Early 

Commercialization 

Identification of 

specific applications.  

Close relationship 

between developers 

and end users. 

High but declining 

due to 

standardization of 

processes. 

0-5% 

Initial Diffusion Standardization of 

product and mass 

production.  

Economies of scale. 

Network effects 

Rapidly declining Rapidly Rising.       

5-50% 

Saturation Limited incremental 

improvement.  More 

efficient competition. 

Low, perhaps 

declining 

Up to 100% 

Senescence Dominance of 

superior competition. 

Low, perhaps 

declining 

Declining 

Grubler et al. (1999) 

 

In relation to all energy consumed by all current means, on average, PV technology only 

represents 0.01% of all energy consumed internationally (IEA, 2006).  A significant 

disconnect is apparent, however, when current levels of installed photovoltaic capacity are 
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compared with literature projecting the role solar energy will play in future energy 

contributions.  The 2006 International Energy Association published report frequently do not 

isolate photovoltaic contributions as a portion of total electricity generated but rather as part 

of a portfolio of future levels of all renewable energy alternatives (IEA, 2006). One might 

ask why then pursue growth strategies of a technology that is currently so insignificant to 

global energy consumption?   

 

The answer lies in the long-term benefits of solar energy that are often under-valued or 

poorly explained to potential consumers.  Currently, customers of photovoltaic technologies 

are predominantly self-educated as to the benefits of solar energy.  These early adopters often 

approached the adoption of photovoltaics with prior convictions with their priority being to 

utilize an environmentally-friendly alternative.  These early adopters place less emphasis on 

the financial drawbacks favoring more altruistic benefits (see the section on Pro-

Environmental Attitudes later in this chapter,(Wiser & Fowle, 2001).  The primary focus of 

this research is to identify market factors within the photovoltaic marketing strategies that 

will look beyond the motivations of these early adopters in an attempt to attract potential 

consumers with alternative criteria for of product evaluation.  Currently, photovoltaics are an 

established technology but are a form of energy production that is not understood by many 

potential consumers outside of early adopters. It is argued in this research that motivations 

for early adopters of photovoltaic products are different than for potential second generation 

adopters of photovoltaic technologies.  For this niche market to expand beyond current levels 

of installed capacity, a different blend of product benefits must be communicated to potential 

customers that identify and address mainstream consumer purchasing criteria.  It is also 
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suggested that each international market represents unique attributes, a fact that may preclude 

the ability to develop broad or standardized marketing solutions.   

 

Size and Scope 

The sheer size of the photovoltaic industry is an issue that has not received significant 

analysis in the current literature.  Studies investigating regional behaviors of consumers, 

while interesting, are limited in scope to either one nation or few potential consumer 

variables.  Wiser & Fowle, (2001) wrote an interesting paper titled ñPublic Goods and 

Private Investorsò.  In this study, five variables were measured in a US-based survey of both 

residential (52%) and small to medium commercial installations of some form of renewable 

energy technology.  The five variables presented in this study were employee morale, public 

image, efficiency gains, regulatory risk reduction, and altruism. The conclusions of this study 

identify two key results relevant to this research pertaining to how utilizing renewable energy 

can impact the perceptions of employees when renewable energy applications are used within 

a firm.  The first result showed that efficiency gains are not the primary reason why 

consumers adopt renewable energies.  This is a logical conclusion, as currently most forms of 

renewable energy are more expensive than conventional energy sources.  Consumers seeking 

efficiencies would not be interested in a product alternative that is priced at a premium over 

other alternatives.  The second relevant discovery of this research is the two primary 

motivations consumers stated as to why they support green energy.  The top three responses 

were altruistic (organizational values and civic responsibility) and employee or family 

morale.   Altruism is the primary motivator of green energy support in the United States 

(Wiser & Fowle, 2001).  This conclusion is logical when considering the value commercial 
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firms place on public relations.  Being able to identify a firm as pro-environment is a 

potentially important market differentiation characteristic and competitive advantage.  Firms 

electing to participate in green energy programs or to purchase green products directly 

assisted all forms of renewable energy by serving as an example to their industry and 

community. Renewable energy alternatives are still small in proportion to conventional 

energy generation means.  However, consistent progress is being realized as a result of green 

marketing initiatives that expand awareness of these energy alternatives.     

 

Location of Markets 

The majority (64% in 2007) of installed photovoltaic capacity is located in three countries, 

Japan, Germany and the United States (Prometheus Institute, 2006). Michael Porterôs theory 

of economic clusters has significant relevance to the photovoltaic industry.  Manufacturing of 

solar modules occurs all around the world; however, manufacturers depend upon a variety of 

local, complementary firms to support and install their products after the sale. The major 

markets within the international photovoltaic market can also be related to the theories of 

economic clustering.  Porter discusses how physical concentration of firms, both primary and 

secondary partners, within developed industries can establish a combined benefit for all firms 

(Porter, 1998).  The International Energy Association has published renewable energy data 

on over one hundred nations identifying the major markets by usage for photovoltaic 

technologies.  The results of this market analysis identify Japan, Germany and portions of the 

United States as the largest photovoltaic markets in the world today in terms of installed PV 

capacity.  With these geographic areas of industry concentration, Porterôs economic 

clustering observations can be applied supporting the accelerated growth within these 
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specific markets. Integration of knowledge, facilities, and infrastructure offer numerous 

efficiencies resulting in unusually high levels of success for members the supply chain, both 

upstream and downstream.  Foreign direct investment (FDI) in the photovoltaic industry has 

been fruitful because it has given companies such as BP, Kyocera, and Sharp access to 

trained installers and peripheral equipment manufacturers that have in turn spawned 

additional demand for PV products.     

 

Region  Country  Installed Capacity in MW  

Europe Germany 1100 

 Spain 75 

 Italy 35 

   

Asia Japan 1320 

 South East Asia 20 

 China 4 

   
North 
America US 460 

 Canada 25 

   

ROW Australia 40 

 Middle East 25 

 Latin America 21 

 Other 20 

   

Tota l  3,145 

Figure 1: Approximate Current Installed Capacity by International Region 2007. Prometheus 

Institute (2007)  

Japanese firms such as Kyocera, Sanyo, Mitsubishi, and industry-leading Sharp all have 

facilities in all three key markets.  Complementary industries such as manufacturing facilities 

for polysilicon raw material have become critical to the decision of foreign direct investment.   
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To date, only Mitsubishi has developed an internal silicon supply source. However, the 

pursuit of larger quantities of raw materials is a major market focal point for the years 2007 

and 2008. Additional manufacturing of silicon raw materials is expected to have a major 

impact on the industry starting in 2008 from both a price and capacity dimension. The 

balance of all other global photovoltaic manufacturers relies upon only eight major 

international manufacturers of photovoltaic-grade polysilicon. The physical demands of 

production and the transportation of raw materials may lend itself to Porterôs theory in that 

clusters will continue to form around the major manufacturers and these eventual sources of 

key raw material suppliers.   

 

Pro-Environmental Attitudes 

From a socio-political perspective, the ñgreenò movement has seen marked progress over the 

previous decade, with increased environmental concern across a wide range of nations 

(Frazen 2003). Surveys conducted by the Health of the Planet (HOP) have resulted in 

conflicting reasons for the increased concern for the environment.  Evidence of heightened 

concern can be seen in the increased the number of environmental treaties signed and the 

number of international, nongovernmental organizations focusing on a wide range of 

environmental challenges (Frank, Hironaka, and Schofer 2000; Frank 2000.)  Currently, 48 

nations, (14 developed nations, and 34 developing), have renewable energy policies.  All 25 

European Union nations have very specific energy targets in terms of reducing CO2 

emissions as well as installing renewable energy technologies (IEA 2006).     
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One set of literature argues that concern for the environment increases in a country as 

economic stability increases (Inglehart 1995, 1997).  Richer countries have the luxury of not 

worrying about fundamental economic conditions and therefore can focus on other values 

such as the environment.  Established economic stability allows a regional population to 

incorporate broader and more diverse considerations into their financial and social policies.  

Poorer nations react differently as a result of obvious social or economic deficiencies.  When 

pollution issues such as unhealthy air or water occur, these are viewed as local issues with a 

direct impact upon the citizens of that community.  Local issues often result in more 

immediate resolution efforts by richer nations.   This is supported by results provided by the 

World Values Survey where high per capita GDP nations of Sweden, Denmark and 

Scandinavia showed the greatest levels of support environmental protections while low GDP 

per capita nations Russia, Turkey and the Czech Republic rated the lowest in concern. Poorer 

nations often have extensive social and economic issues that may be perceived as more 

significant than environmental concerns.  Inglehartôs post materialism index has become the 

foundation of additional studies by Miguel Basánez, Jaime Díez-Medrano, Loek Halmann 

and Ruud Luijkx (2004).  These studies did not focus on environmental behavior patterns but 

on more conventional demographic data such as race, religion or political perspectives.  This 

research does provide a hierarchy of how societies migrate from basic needs to more 

complex values.  This research extends those conclusions to potentially include 

environmental issues as a new form of a non-material good and as a market factor for solar 

energy. 
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Contrary literature by Dunlap and Gallup (1993) and Dunlap and Mertig (1997) argue that 

per capita GDP has no correlation to environmental support.  However, their findings have 

been challenged by Diekmann and Frezen (1999), who stated that Dunlap and Mertigôs 

findings were one-dimensional and not fully reflective of the issue.   Diekmann and Frezen 

go on to provide analysis of how the environment versus the economy cannot be dismissed.  

Frazen concluded in a study, which analyzed both the 1993 and 2000 International Social 

Survey Program (ISSP), that higher proportions of citizens in wealthier nations support 

environmental protections over economic growth than do citizens in poorer nations.  Poorer 

nations support environmental protections as a result of environmental challenges that are 

local issues that impact the public good of those regions.         

 

Two additional areas of literature exist that attempt to understand pro-environmental attitudes 

of large, national groups.  The first set of literature focuses upon sociodemographic variables 

such as age and levels of education (Dietz, Stern & Guagnano 1998).  This line of theory has 

only resulted in a nominal level of explanation in measuring environmental concerns.  A 

second group of literature focusing upon social-psychological studies has been more 

successful in predicting pro-environmental behaviors.  Works by Boldero (1995) and Taylor 

and Todd (1995) studied how people act in supporting pro-environmental behaviors.  

Bolderoôs research examined how recycling programs were developed and then measured 

success rates during the 1990ôs for small to medium sized companies.   Boldero attempted to 

identify the incentives and barriers to recycling programs as they relate to the perceived 

importance of environmental concerns.  Conclusions of this study introduce the barrier to 

what is defined as a ñfree riderò where a non-participant enjoys the same benefits as a 
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committed participant.  This specific observation can be extended to solar energy as a 

potential barrier of implementation.   These studies, while not intended to support marketing 

efforts, can provide a basic framework for predicting pro-environmental behavior. The 

measurement of a consumerôs willingness to sacrifice by paying higher prices in an effort to 

protect the environment is an interesting marketing factor.   

 

Firms within competitive markets seeking to utilize environmental concern as a marketing 

strategy need to identify how those concerns can be applied.  As stated, many forms of 

renewable energy, and photovoltaic technologies in particular, all have a higher cost per unit 

of generated electricity than conventional generation methods.   Several studies attempted to 

measure consumersô ñwillingness to payò for green products.   Houston and Farhar (1996) 

presented a variety of survey questions that attempt to determine how much of a premium 

price consumers would be willing to pay to support renewable energy alternatives.  Results 

show that up to 70% of the survey respondents would be willing to pay a premium in support 

of an environmental protection initiative or a renewable energy alternative.   The willingness 

to pay (WTP), however, is greatly impacted by the number of alternatives a consumer may 

have in a given market.  Farhar and Houstonôs research identified that many utility markets 

do not have adequate competition, resulting in the diminished likelihood of having a ñgreenò 

alternative available to consumers.  The results of the willingness to pay lines of research 

also reveal a key potential outcome that should be considered by all renewable energy firms.  

Research identified a gap between what people say and what they actually did in supporting 

alternative energy programs that were environmentally supportive.  Actual participation 

levels of these green programs were often significantly lower than the total number of those 
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indicating support in favor of environmentally friendly electrical generation alternatives.  

Houston and Farhar concluded their research by suggesting that each market requires 

individual market area research before implementing future green marketing programs.   

 

A final study conducted by Hokby and Soderqvist measured the elasticity of demand and 

willingness to pay for environmental services in Sweden (2001).   This study combined the 

environmental curve of Kuznets but added the viewpoint that environmental services may be 

considered luxuries.  A survey looked at the demand for public goods such as clean air and 

clean water in relation to the price of the good and its related protection costs.  This research 

showed that income levels and willingness to pay were positively correlated.  Hokby and 

Soderqvist also concluded that environmental improvements tended to benefit low-income 

nations more so than rich nations. The results of this group of behavioral studies may identify 

some additional market factors relating a country's economic environment as it pertains to 

support for photovoltaic energy.   Nations with high per capita income or high levels of 

education may be stronger candidate markets for photovoltaic technologies than nations 

without these attributes.   

 

Paradigm Shift:  A Need for Cultural Commitment 

If photovoltaic technologies are expected to continue beyond current niche market levels, a 

major paradigm shift will need to change how people view purchasing electrical energy.  The 

potential migration away from conventional fossil-fuel energy sources would represent 

epochal changes to both global industrialization processes and the international energy 

markets. Large centralized generation facilities and grid distribution networks have molded 
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nations of the world to expect commercial electricity to supply all commercial and residential 

market needs.  To leave this combination of entrenched expectations may require not just 

technological breakthroughs, but cultural modifications as well.  Leading research in the 

classification of the impacts of epochal innovation can be found in Simon Kuznetsôs book, 

ñModern Economic Growthò.  The term ñepochal innovationò was first coined by Kuznets in 

1966 when he described a ñmajor addition to the stock of human knowledge which provides 

a potential for sustained economic growth and utilization absorbs the energies of human 

societies and dominates their growth for a period long enough to constitute an epoch in 

economic historyò (Kuznets 1973. p247-258).   As the debate over future energy reforms 

evolves and various alternative energy strategies are explored, leadership within industry, 

academic and political institutions suggest that renewable energies must play an increasing 

role in economic sustainability for all classifications of nations. Similar to other preceding 

technological innovations such as the introduction of the automobile or the personal 

computer, Kuznets suggests that the adoption of the new technology will require institutional 

and societal changes in order to provide value.  Many global markets are deeply entrenched 

in fossil fuel energy (Stobaugh, Yergin et.al); to leave these established energy sources, a 

massive re-education process must take place to increase awareness of the potential benefits 

of any new viable energy alternative.   Kuznets cited an example of the steam engine and the 

role it played regarding the issue of black slaves in the southern-states of the US.  He stated 

that the timing and technology of the steam engine were right for epochal change in relation 

to how mechanical labor had previously been perceived within those cultural conditions. 

Mechanical labor contradicted the idea of using unpaid human labor to accomplish the 

manual work.  However, social complications regarding the evolving perceptions of slave 
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labor leant credence to learning about the benefits of new, mechanical labor devices.  This 

contradiction opened the discussion of why slaves were used in this capacity, and whether it 

was really necessary to treat some people in this manner in order to provide services to 

others.  These discussions led to epochal innovations such as the steam engine that supported 

changes in both institutions and society well beyond the single issue of slavery and affected 

the broad societal norms outside of the slaves and owners themselves.  This transformation 

was far more than just an economic phenomenon, but a cultural one as well.  It could be 

argued then that during the 1970s, when photovoltaic technologies were first introduced, the 

timing was just wrong, and therefore solar technology was not embraced.  Change was not 

possible at that particular time and with that set of societal factors.  It may also be suggested 

that current energy dynamics and current technologies are different as a result of increased 

concern for global warming.  

 

Once a potential cultural change has been identified it is then in the hands of the individuals 

within a given market to determine how to proceed.  The book ñThe Logic of Collective 

Actionò by Mancur Olson (1965) addresses both the challenges of group behavior and the 

influence of supporting a public good.  Olson stated that the reason an individual joins a 

group or a movement is to further that individualôs personal gains by efforts of other 

members in the group.  If a group shares a common bond, then the group will perform better 

as a unit in attaining the desired outcome than as a set of individuals pursuing a similar 

objective.  The member enjoys the benefits of the group but, if left to his own, would rather 

not pay individually for the benefit provided by the group; therefore, groups often reduce 

investment costs.  A collective good in this example can be represented by one of the 
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potentially largest marketing factors supporting photovoltaic energy, the reduction of green 

house gasses.  Solar energy reduces carbon dioxide, a major form of pollution in nations with 

substantial carbon-based energy sources.  The challenge for photovoltaics is that the air is a 

common good and the adoption by one, two or even a hundred individuals will have a limited 

benefit on them as a group.  The cleaner air as a bi-product of the groupôs photovoltaic 

investments benefits all, not just the group.  What the group does depends upon the group but 

the common good remains public.  Each member of the group will also likely have a 

different value upon the collective good, resulting in varied levels and forms of support.  

Currently, electric power generation can be classified as a non-collective good and is often 

supplied or supported by the government.  Participation is not compulsory and the group 

decides how it will behave in a given situation or environment.  Currently, pollution is not 

equally shared upon members of a nation.  Olson concluded that a collective good will be 

provided when the groupôs collective good is growing faster than the cost or value of the 

good.  There is currently a disconnect in the impact that photovoltaic or other forms of 

renewable energy will actually have upon a given nation because the worldôs weather 

patterns are so integrated.  Pollution does not stop at a nationôs border any more than it does 

at a firmôs property boundary.  Today the collective good is not cost justified according to 

Olsonôs model because the individual (or firm), does not gain by participating directly in a 

group that adopts photovoltaics.  The level of critical mass to a groupôs size in a given market 

must be significant to overcome that level of benefit in relation to those providing no benefit.  

In addition, those with a higher degree of commitment run the risk of being exploited by 

those who have not contributed to providing the collective good.  The marginal cost of the 

collective good must be equally shared and be proportional to the benefit but today that is not 
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the case.  Olsonôs work is relevant to the marketing of photovoltaics because some nations 

appear to be much closer to substantial levels of commitment to the collective good than 

other nations.  Determining how to identify what nations (markets) are committed to the 

collective benefits of photovoltaics will be a major accomplishment for the manufacturing 

firm(s) that is able to incorporate this information.  Competitive electric markets offering 

electricity that is produced by environmentally friendly generation methods and marketed as 

pro-environmental have seen marginal success in markets within the United States (Farhar & 

Houston, 1999).  While the development of green or pro-environmental marketing is clearly 

group related and public benefit oriented, success rates have not been proven adequate in 

many examples.  Green marketing represents complications to conventional marketing 

strategies because the ability to market a product with public benefits is not adequately 

researched. Farhar and Houston also state that not all markets offer green product 

alternatives, therefore, there is no option for some consumers to participate in green 

marketing efforts. 

 

Environmental Literature  

McVeigh, Burtraw, Dalmstater and Palmer (1999) presented research that identified the 

initial cost of the equipment as the primary barrier to the growth photovoltaics in the United 

States.   This paper reviewed the progress of the industry from a variety of external factors 

such as the deregulation of both the electrical and natural gas industry, and the progress in 

the reduction of production costs for photovoltaic equipment.  The general impact for 

consumers has been positive because cost per kilowatt of electricity produced by 

photovoltaic technology has consistently fallen, benefitting both commercial and residential 
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markets around the world.  Additional factors that have benefitted solar energy are concerns 

for the environment, regional and national energy policies, and monopolistic control 

structures of certain energy markets.  The general conclusion of McVeigh, Burtaw, 

Dalmstate and Palmer is that renewable energies have not failed to become a viable 

consumer alternative; however, they have failed to meet projection in terms of overall energy 

contribution levels.  These conclusions were also offered in research by Robert L. Bradley 

(1998) in his book titled Not Cheap and Not Green.  Bradley presents a variety of 

observations ranging from raw material cost increases to the impacts of subsidies that, when 

combined, reduce the actual realized benefits of some forms of renewable energy 

alternatives.  Bradley concludes that the combination of these negative factors often result in 

many forms of green energy are actually not competitive when compared with conventional, 

commercial energy sources.   Many modern photovoltaic marketing strategies do not focus 

on the cost of the equipment or the benefit of overall cost savings. This total cost of 

ownership approach is a complication of almost all energy forms, conventional and 

renewable, as R&D costs, disposal costs and subsidies or tax benefits are difficult to 

incorporate into an actual end user rate per unit.  Automobile companies like Toyota or 

Honda manufacture automobiles that focus on the total cost of ownership, and provide 

savings as a result of greater fuel economy or reduced repair and insurance costs.  These 

companies present a cumulative ownership experience that is less expensive when all factors 

are considered and compared to their competition.  Renewable energy companies cannot 

make those claims because some the benefits presented by these firms are intangible or are 

considered a collective public good. The costs of the equipment remain tangible individual 

considerations, and as noted are often more expensive than conventional energy alternatives.  
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When a consumer evaluates renewable energy technologies, the costs are easy to assess; 

however, the proposed intangible benefits lack a valuation method that consumers can apply 

to an individual decision process.   Firms offering green products need to expand consumer 

understandings of these considerations as part of an educational process to determine the 

value of their products and services.  While installed capacity of photovoltaics has grown 

substantially, costs have remained high compared to conventional electricity primarily 

because there is no initial investment by a consumer for commercial power.  Bradley (1998) 

suggested that it is difficult to separate the total cost to produce from the potential benefit of 

green energy production because the comparison is not really comparing two similar 

alternatives.  Bradley concludes that renewable energy technologies are also dependent upon 

conventional fuels and petroleum products to produce, suggesting that green energy is not 

green at all.  The amount of petroleum products used in the full production cycle of a 

renewable energy product is considerable and significantly reduces the overall ñgreenò 

benefit proposed by the manufacturers in this market. 

Of all the potential benefits of photovoltaics, reduction of pollution is by far the most 

prominent of the potential advantages over carbon based fuels.  Pollution is a result of 

industrialized processes.  The harvesting of a given raw material (oil, coal, natural gas) used 

for electricity production by some mechanical process, has been analyzed in a variety of 

studies and is the identified source of health and environmental issues.  There are two general 

classifications of production of electricity, primary and secondary.  Secondary electricity is 

produced by the combustion of fossil fuels such as coal, oil and natural gas.  Primary forms 

of electrical generation include nuclear power, hydroelectric, wind and photovoltaics because 

the energy does not go through a generation process fueled by another substance.  A very 
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large share of the international demand for coal (90% in the United States) and other primary 

forms of energy such as oil and natural gas that have been used for decades around the world 

for electrical generation (WTO Council in Trade 1998) are all secondary forms of generation.  

Pollution, a bi-product of secondary electrical generation, has become an increasing concern 

of all developed nations and has led to the introduction of a variety of political and regulatory 

policies intended to reduce these levels of pollution.  Historically, corrective measures to this 

problem have been viewed as an additional overhead expense rather than a potential new 

market opportunity.  Harvard author and international strategic expert Michael Porter (1995) 

offered a unique perspective on how many types of bi-products of energy that were 

previously only seen as an overhead expense may now become a potential competitive 

advantage to a firm if the proper perspectives are applied.  Michael Porter offers the 

resource-productivity model as a second potential viewpoint that can be adapted to the issue 

of renewable energy.  Porter framed his position in a paper ñGreen and Competitive, Ending 

the Stalemateò where he discussed the increasing role of environmental regulatory policies 

and their effects upon global competition.  He stated that current environmental policies 

erode competition and stifle innovation, leading to harsher regulatory actions because the 

problem is never fully resolved; it is just identified and then penalized by way of fines or 

taxation.  Current resolutions to pollution are addressed either by preventative measures or 

clean up costs.  Each of these alternatives is an overhead cost with no advantage, and firms 

are forced to grudgingly comply. Porterôs key premise is that this is not a necessary 

conclusion to this process, and that properly designed environmental standards can trigger 

innovations and lower the production cost of a product while also creating value. 
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If Porterôs argument is extended, revised regulation should allow companies to experiment 

more with key factors such as energy costs.  This resource productivity model potentially 

could establish a new realm of competitive advantage to assist companies to become more 

competitive. According to Porter, pollution is simply a ñflaw in the product design or 

production processò (Porter, p. 355), and efforts to address this flaw can lead to innovation 

and even competitive advantage.  Pollution prevention has proven to be more cost effective 

than pollution cleanup.  However, the change in the mindset of international firms has seen 

inconsistent rates of adoption.  In the paper, Porter detailed the Dutch floral industry and 

Dow Chemical, where the root problems were related to better resource productivity research 

rather than simply resolving a problem without addressing the cause.  Porter suggested that a 

variety of potential benefits ranging from reduction of materials, conversion of previous 

wastes to other valuable forms, lower energy consumption, and reduced handling costs have 

been realized by firms who change their thinking as to how to approach the problem of 

pollution.  Porter concluded with the case of Germany, which was one of the first in the 

world to adopt strict recycling standards many years ahead of other European nations.  

German companies did not resist the regulatory policies but instead developed innovative 

programs to address the new standards.  As a result German products had far less packaging, 

thus reducing end use pollution and packing material cost for the firm. By viewing pollution 

from the perspective of the life span of the product, a series of innovations were created 

which justified the expense and changes needed to accomplish the objective of reducing 

pollution.    
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Pollution is an issue for the nation and not just the firm. The firm is merely the steward of the 

product and process representing a larger group of participants.  The embedded costs of 

regional and national services relating to pollution control, and their regulation, are 

represented in the form of taxes and fees.  These costs are borne by all, including the firm; 

therefore, all the costs were factored into the financial assessment of the innovative 

processes.  Porter concluded with a key statement:  ñWe are now in a transitional phase of 

industrial history in which companies are still inexperienced in handling environmental 

issues creativelyò (Porter p. 362).  

 

Customers, too, are not fully aware how resource issues affect pollution and ultimately 

consumer costs.  Energy is a central and often significant cost to any firm or institution.  If 

energy can be viewed from the perspective of a total cost of utilization, then solar energy 

takes a significant lead forward in terms of total cost of ownership.  Other industries have 

been able to accomplish this; examples include the German and Japanese auto manufacturers. 

Germany and Japan started to produce lighter, more fuel efficient cars as a result of tightened 

fuel consumption standards.  The US manufacturers initially fought the standards only to 

later accept them but at the cost of losing first mover advantages.  The world economy is in 

transition between competition and the environment.  Historically, the lowest cost per unit of 

labor, capital, or natural resources reinforced the comparative advantage theories utilized by 

many multinational firms.  Globalization is making competitive advantage obsolete as 

products can be sourced from almost anywhere in the world.   Industries that respond to 

environmental problems have an opportunity to innovate and it may lead to a competitive 

advantage. 
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Historically, power that could be classified as environmentally friendly or ñgreenò was seen 

as commanding a premium price and was reduced to only a small niche player in the broader 

energy markets.  This ñniche marketò was defined by affluent, highly educated customers 

with environmental convictions that distorted conventional energy market strategies that 

were often technologically based, (Day, 2005), (Bird, Wustenhagen, Aabakken, 2002).  The 

willingness to support ñgreenò products or to purchase renewable energies at a premium has 

been discussed in a variety of papers with varied conclusions.  In a 1996 paper produced by 

the National Renewable Energy Laboratories (NREL) customers in markets where electric 

reform and deregulation were being sought, results showed that 70% of their customers 

would be willing to pay a premium of some degree for a renewable energy alternative.  The 

research developed a ñwillingness to payò index (WTP) that can be applied to other market 

conditions and market estimation models (Farhar and Huston 1996).  WTP, combined with 

other environmental marketing tools such as regulatory policies intended to protect the 

environment, were variables used in the research as a means to determine if green pricing 

alternatives would be a viable in future markets.  The results were clearly favorable for 

establishing green pricing options for customers whose electrical markets were entering 

restructuring or other reforms, and subsequently new competition.  The willingness to pay 

index (WTP) was then tied to the development of incentive programs that would allow a 

potential client to view utilization of electricity produced by a renewable generation means, 

such as PV, to be considered an investment in the community offering long-term benefits.   

Purchasing PV equipment was then positioned more as an investment, rather than a 

substitution of a conventional fuel.  The premium price was then more tolerable to the market 

participants.   The WTP index also offers a key observation that separates the buying 
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decision of renewable energy equipment in general when compared to purchasing 

conventional energy.  Renewable energy ñinvestmentsò incur substantial up-front costs for 

those who invest, with the long-term benefit of on-going electrical costs of near zero after the 

payback period.  Conventional energy is positioned as having lower initial investment costs 

but with infinite future costs of fuel and environmental impacts.   

 

Government Incentives and Policies 

A third set of literature focuses on the role of governmental policies that support both 

existing energy producers and alternative energy producers. As financial incentives to 

promote photovoltaic technology installations were developed, the process of switching 

becomes a value assessment process that is different for each country and even each potential 

client considering PV technology (Starrs 2004, Ingersoll, Gallagher, and Vysatova 2005). A 

variety of funding alternatives have been used to stimulate growth in the photovoltaic 

industry for both on-grid and off-grid applications. The most common incentive in many 

international markets is an upfront rebate provided at time of sale for installed equipment.  

Financial incentives are used as a form of market stimulation to reduce the high initial 

investment in photovoltaic systems.  Rebates are often structured differently for residential 

and commercial applications, offering different payouts.  A key challenge to up-front rebate 

is that the there is no guarantee that the equipment will ever generate electricity because the 

incentive is not tied to electrical output of the equipment purchased.  This strategy lacked 

commitment on the part of the landowner because once the incentive was received there was 

no guarantee that the equipment would be maintained or would continue to produce power.  

Strict financial incentives have proven to be short sighted, (Starrs, 2004) as they may or may 
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not actually produce the intended contribution of the quantity of electricity projected because 

equipment is not monitored for actual production, only installation.  Incentives that simply 

reduce the cost per installed kilowatt of power do not guarantee that the installed location 

will ever come on-line.  

 

Starrs suggested a production-based incentive system such as the feed-in-tariff structure 

established in Germany, which has proven to be more effective.  This form of incentive 

compensates the location owner but also effectively shifts the demarcation point back 

towards the customer premise equipment and away from the centralized utility.  This 

approach increases ownership rewards and participation over the life of the equipment 

because when a site is not producing electricity, it is not earning the incentive.  This system 

represents a key point to the overall renewable energy experience in that ownership of energy 

generation now resides with the customer and not with the utility.  Marketing campaigns 

often suggest this via quotes such as ñenergy independenceò or ñtake control of energy 

costsò.  Citizens of developed nations have long forgotten what it is like to be self sufficient 

when it comes to energy, expecting the economy to provide adequate supply of electricity 

like any other public service.  The marketing of a product that requires participation 

represents a major cultural shirt and perhaps the largest hurdle to the future of PV 

technology.  The marketing of a product that actually increases the level of responsibility 

may be an issue for multinational firms, because traditional approaches require less work 

from the home or business owner, not more work.      
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The design of the delivery systems for electricity and the consumerôs perception of their 

relationship with an electricity supplier were the foci of research done by Lund and Munster 

(2004).  This research showed that nations that have functioning, distributed electrical grid 

systems are well suited for photovoltaic systems to back-feed excess power that can be 

utilized by commercial providers.  Supplemental power provided by hundreds or thousands 

of small, independently managed photovoltaic locations can provide a tremendous potential 

benefit to large commercial generation facilities, especially during peak load periods.  Grid-

tied systems are the largest category of photovoltaics and well established in all the major 

markets for photovoltaics around the world.  However, the nation of Denmark saw a different 

benefit of a grid delivery system for electricity.  The increased potential flexibility of a grid 

system could invite regional electricity producers to reverse-feed the system rather than 

utilize large, centrally planned generation facilities.  By integrating the energy markets within 

Denmark, local markets can now be developed to take advantage of alternative electrical 

sources that can accumulate to become significant contributors (Lund, Munster, 2004).  This 

de-centralization strategy essentially reverses the conventional larger, centralized generation 

points into a series of smaller, less dominant contributors.  It should be noted that Denmark 

has one of the worldôs most expensive commercial electrical rates, averaging $0.1685 per 

kWh when converted to US dollars and adjusted for purchasing power parity (PPP) (IEA 

Annual Report 2006).  Solar energy is best used during mid-day when the sun is at its most 

productive in terms of available sunlight.  This peak of availability is exactly the same time 

of day as when commercial generators face their highest demands for commercially provided 

power.  The demand curve matches almost perfectly the supply curve offered by 

photovoltaics, allowing solar energy to provide a potentially key strategic growth path for 
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any commercial electrical generation facility.  Today, 83.2%. (PV News Vol. 25, March 

2006) of the worldôs installed capacity of grid-tied photovoltaics are in three countries, 

Japan, Germany and the United States.    Each of these three key markets currently offers 

financial incentives to support the growth of photovoltaic systems as a form of market 

stimulation.   

 

Price of Electricity  

A final aspect of the literature review focuses on the element of price per generated watt of 

electricity.  The variable of price within the photovoltaic industry can be interpreted in 

multiple ways, ranging from the price of the equipment to the price of a delivered kilowatt of 

electricity.  The field of literature analyzing the cost of photovoltaics in comparison to utility-

supplied electricity or as a cost per unit is limited, with only a few regional studies.  The 

price-volume relationship was the topic of a research paper, ñIndustry Development Strategy 

for the PV Sectorò presented by Eric Ingersoll, Daniel Gallagher and Romana Vysatova 

(1996).  They argued that the price per installed watt generated needs to approach $1.00 to 

become a viable alternative to commercial energy alternatives from a strictly pricing basis.  

Ingersoll, Gallagher and Vysatova also classify photovoltaics as a disruptive technology and 

discuss how photovoltaics suffer from the perception of being a ñdeveloping technologyò.  

Ingersoll, Gallagher and Vysatova argued that photovoltaic technologies will not make a 

significant impact upon global carbon emissions and that demand for PV technologies will be 

limited until the next century.  They position PV technology at such a price disadvantage to 

conventional power that the green market alone will ensure industry viability.  The paper 

suggested that a market-based strategy and not a financial incentives strategy is needed to 
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grow the photovoltaics market.  By identifying and focusing on specific applications in both 

grid-tied and off-grid applications, photovoltaics will develop by traditional market-based 

processes rather than the artificial stimulus of financial incentives. This research suggests 

that the challenges of the photovoltaic industry are purely based on price per kilowatt.  Once 

the price per generated kilowatt approaches $1.00, PV will be competitive enough to displace 

conventional generation methods.    

 

The National Renewable Energy Laboratory in Boulder Colorado has also identified factors 

that may become more prominent within the photovoltaic market as the industry matures.   In 

a 2006 report, ñThe Framework for Evaluating the Total Value Proposition of Clean Energy 

Technologiesò, (2006) Peters identifies how many valuation techniques may fail to fully 

capture the value of clean energy alternatives.  Peters argued that simple financial decision 

criteria that fail to include long-term benefits are inadequate to assess renewable energy 

technologies. He described a broader perspective he presented in a ñtotal value propositionò 

model.  Using this perspective, Peters suggests that including all the benefits of solar energy 

significantly increases the competitive viability of photovoltaic technology.  While these 

benefits can be grouped in different general categories, the benefits to the ñend userò are not 

limited to financial valuations, but extend to social and environmental benefits.  Petersô 

model can be incorporated into valuation processes and the frameworks of marketing 

strategies.   However, the conventional benefit / cost analysis used in evaluating marketing 

campaigns may struggle to identify the complexities of this extended value model put forth 

by Peters and the National Renewable Energy Laboratories. 
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Summary 

The topic of solar energy represents a dynamic set of potential value points for prospective 

customers.  Electric energy is a regulated commodity that is created by a wide variety of 

generation techniques but delivered primarily via a standardized grid-tied connection system 

prevalent in many nations of the world.   It is suggested that photovoltaic energy requires a 

wider evaluation criteria than per-kilowatt costs alone.  Scholars have identified independent 

investment aspects of solar energy but few have attempted to tie key potential market factors 

into a broad international analysis.  Cultural, economic and political advances are currently 

proceeding at individual rates in each of the nations examined in this study.  This represented 

a fascinating contradiction because few products are as well suited technically for global 

implementation as photovoltaic modules due to their relative uniformity in design. This 

research develops a matrix approach to evaluate market potential for each nation based upon 

three identified market factors.  From the perspective of the multinational firm seeking to 

compete in a foreign market the question remains:  what drives adoption rates of photovoltaic 

technologies?  In particular, should firms strive to appeal to public benefits or private 

benefits when marketing solar energy products to increase market share?  Should firms 

position this as a social issue or as a simple economic consideration?   
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CHAPTER 3:   METHODOLOGY 

 

This research examined a total of twenty nine different countries over a span of thirteen 

years, from 1992 to 2005 inclusively. Nations were divided by the classification guidelines of 

the World Bank in terms of economic production into categories of developed nations, newly 

industrialized nations and emerging markets.  Note that a majority of the countries in the 

sample were developed nations (55%) while a minority of nations was classified as emerging 

markets (17%).   

Major multinational manufacturers (See Appendix A: Table 14) such as BP, Kyocera, Sharp 

and Schott, are in the difficult position of competing in highly varied markets around the 

world, often against other fuel types that have significantly entrenched infrastructure and 

facilities.  These entrenched energy firms logically have long-term relationships with their 

markets in developed countries, establishing a confident in the service and brand they 

represent.  In the major PV markets around the world, no manufacturer approaches the levels 

of market penetration of entrenched energy providers.  This observation is considered 

significant for this research because it is important to identify what market factor, or factors, 

will be successful as a market stimulus.  Energy consumers investigating renewable energy 

alternatives such as photovoltaics will be considering a significant shift in their individual 

level of participation in a given locationôs electrical supply.  As discussed, early adopters 

may use one set of decision criteria where second generation consumers may apply more 

pragmatic decision criteria.  The three factors being evaluated were selected to begin the 

process of better understanding how these second generation consumers may evaluate 

photovoltaic technologies. 
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Of the three major markets for photovoltaic equipment, installation levels of PV systems are 

most fragmented in the United States, where each state offers different combinations of 

incentives, ranging from personal income tax reductions, corporate tax reductions, sales tax 

exemption, property tax reductions, rebates, grants, loans or production incentives.  Each of 

these alternative financial incentives can potentially affect the installed cost per module by as 

much as 50% within that given state.  These incentives do not include the flat 30% national 

renewable energy tax credit that is currently capped at 30% or $2,000 for residential and a 

flat, un-capped 30% for most commercial installations.  Within the United States, federal and 

regional incentives can be combined to provide aggregate financial incentives in many 

markets.   To date, states with more generous incentive options, such as California and New 

Jersey, have significantly higher installed PV capacity when compared to states with no 

incentives (NREL 2006).   

Presently, most developed countries access electricity by means of large grid systems where 

the sourcing of electricity can vary by generation method.  Often, each country incorporates a 

blend of nuclear, hydropower, natural gas and petroleum-based fuels to supply necessary 

electrical demands.  The convenience of using a grid system tied into regional generation 

capabilities has removed the ownership factor from the end user.   Most major economic 

markets are predicated upon dependable, reasonably priced electrical services.  Few firms 

and even fewer residential customers ever consider what it takes to generate enough 

electricity to supply a given location to the expectations of a modern electric consumer. It is 

these expectations of end users that are a major hurdle for multinational firms producing PV 

technologies.  The degree of ownership and necessary involvement levels are significantly 
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different than with commercial electric utilities. Large, grid-based distribution systems have 

been developing for the last one hundred years and are fully integrated into the economies of 

all developed nations.  This entrenched position also may prevent consumers from thinking 

about competitive alternatives for electricity or to investigate the actual price per kilowatt 

generated by commercial means.   

The PV industry, as with most other forms of renewable energy, is predicated upon the end 

user taking a more direct role in the production of a location-based energy source.   From 

design to monitoring, most PV systems are not ñset and forgetò as is with a conventional 

electricity utility connection. To increase market share of PV systems, multinational firms 

must facilitate a paradigm shift in which end users assume some degree of energy 

independence and awareness.   The variety of potential motivations to leave an established 

utility may range from volatility of utility pricing, reliability of service, environmental 

consciousness, security concerns, or independence from a local monopolistic utility.  All 

major power companies with their integrated delivery systems have had, at some point, a 

disruption to their end users to some degree.  In the United States, California has experienced 

rolling brown-out or blackouts that unexpectedly disrupt power to both commercial and 

residential areas. Multinational firms that produce PV products and systems must develop a 

method of educating prospective end users that will overcome the perceived risk of leaving 

these established electrical utilities.  The migration path for a potential customer, either 

residential or commercial, is a critical consideration of the multinational manufacturers of PV 

systems if deeper market penetrations are to be experienced. 
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The combination result of varied market conditions, delivery methods, role of government 

and the other variables discussed lead to the following question.  How can multinational 

manufacturers of photovoltaic equipment achieve higher levels of adoption for their 

technologies?  This research intends to determine what marketing strategies will maximizing 

growth of photovoltaic capacity in three current market environments in developed, newly 

industrialized and developing nations.    

Hypothesis Statements 

The first group of hypotheses deals with the issue of price of utility provided electricity as a 

potential factor of adoption for photovoltaic technologies. 

Predicted Results:  Price of Commercial Electricity 

Nations that have higher priced utility supplied electricity are more receptive to adopting 

alternative electrical generating technologies such as photovoltaics as measured by installed 

capacity as measured in total kilowatts of photovoltaics.  (Refer to Table 1.) 

+      Positive effect predicted     (more receptive to PV as an alternative) 

-       Negative effect predicted   (less receptive to PV as an alternative) 

0      No effect predicted 

Table 1:  Predicted results of price as a factor of installed capacity of photovoltaics 

 Developed  
Industrial Nations    

Newly Industrialized 
Nations    

Developing 
Nations   

High Price of utility 
supplied electricity  

+  + +  

Low Price of utility 
supplied electricity 

-  - - 
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H1a:  Developed industrialized nations with high prices of utility provided electricity are 

more receptive to the adopting photovoltaic technologies than nations with low prices of 

utility supplied electricity. 

Hoa: Developed industrialized nations with high prices of utility supplied electricity have 

similar adoption rates as all other developed nations. 

 

     H1b :  Newly industrialized nations with high prices of utility provided electricity are more          

receptive to the adopting photovoltaic technologies than nations with low prices of utility   

supplied electricity. 

Hob    : Newly industrialized nations with high prices of utility supplied electricity have 

similar adoption rates as all other newly industrialized nations. 

 

H1c :  Developing industrialized nations with high prices of utility provided electricity are 

more receptive to the adopting photovoltaic technologies than nations with low prices of 

utility supplied electricity. 

Hoc    : Developing industrialized nations with high prices of utility supplied electricity 

have similar adoption rates as all other developing nations. 

 

The second group of hypotheses deals with the potential market factor of carbon dioxide as a 

proxy for pollution of a given nation.  It is hypothesized that nations with concerns for 

pollution most commonly stemming from carbon based fuels may seek photovoltaics as an 

alternative energy source based upon the feature benefits that photovoltaics provide.  If 
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pollution is the underlying market driver for renewable energies, then marketing campaigns 

can tailor their communications accordingly.  

Predicted Results:  Carbon Dioxide Emissions 

Nations that have high levels of carbon dioxide emissions (CO2) per capita are more 

receptive to adopting new technologies such as photovoltaics as measured by installed 

kilowatts of capacity within a given nation.  (Refer to Table 2) 

+      Positive effect predicted     (more receptive to PV as an alternative) 

 -      Negative effect predicted   (less receptive to PV as an alternative) 

0      No effect predicted 

 

Table 2: Predicted results of CO2 as a factor of installed capacity of photovoltaics 

 Developed  
Industrial Nations    

Newly Industrialized 
Nations      

Developing 
Nations     

High levels of  
CO

2
  

+  +  -  

Low levels of  
CO

2
  

-  -  -  

 

H2a :  Developed nations with high levels of carbon dioxide are more receptive to the 

adopting photovoltaic technologies than nations with low levels of CO2 . 

H2o :   Developed nations with high levels of carbon dioxide have similar adoption rates 

as all other developing nations. 

H2b :    Newly nations with high levels of carbon dioxide are more receptive to the 

adopting photovoltaic technologies than nations with low levels of CO2  
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H2o :  Newly industrialized nations with high levels of carbon dioxide have similar 

adoption rates as all other developing nations. 

H3a :  Developing nations with high levels of carbon dioxide are more receptive to the 

adopting photovoltaic technologies than nations with low levels of CO2. 

H20 :   Developing  nations with high levels of carbon dioxide  have similar adoption rates 

as all other developing nations. 

 

The third group of hypotheses focuses on the role of financial incentives in the purchase of 

photovoltaic equipment.  Around the world, there are a variety of financial incentives 

including rebates, feed-in-tariffs or other monetary programs that are designed to diminish 

the initial investment in equipment or provide a supplemental income stream based upon 

electricity generated in a grid-tied system.  A feed-in tariff is a regulated amount per unit of 

electricity generated paid back to a location owner that generates electricity by means of 

photovoltaic technology.  Feed-in tariffs are most common in Germany and have been 

identified as providing benefits that may promote initial investment as well as long term 

commitment to photovoltaic installations.  Financial incentives can be offered by a national 

government or a regional government such as an individual state in the United States.  This 

group of hypotheses was introduced as a dichotomous variable allowing a general grouping 

of all the variations for financial incentives into a simple determination for each given nation.  

Either a country offers incentives or they do not and level or type is not considered.  It should 

be noted that not all nations offer incentives that qualified for this study or that not all forms 

of incentives were present during all years of the sample.  
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The hypotheses for financial incentives are as follows: 

 

Predicted Results: Governmental Incentives for Environmental Protection 

Nations with financial incentives for environmental investment are more receptive to 

adopting photovoltaics technologies as measured by installed kilowatts. 

+      Positive effect predicted     (more receptive to PV as an alternative) 

 -      Negative effect predicted   (less receptive to PV as an alternative) 

0      Varied effect predicted 

 

Table 3: Predicted results of incentives as a factor of installed capacity of photovoltaics 

 Developed  
Industrial 
Nations  (A)  

Newly  
Industrialized 
Nations  (B)  

Developing 
Nations  
 (A)  

Presence of 
financial 
incentives.  

+  +  +  

No financial 
incentives.  0  -  -  

 

H3a :  Developed nations with  any form of financial incentives are more receptive to the 

adopting photovoltaic technologies than nations without government financial incentives. 

H3o : Developed nations with financial incentives have similar adoption rates of 

photovoltaic technologies as all other developed nations. 
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H3b : Newly industrialized nations with any form of financial incentives are more 

receptive to the adopting photovoltaic technologies than nations without government 

financial incentives. 

H3o  : Newly industrialized nations with financial incentives have similar adoption rates 

as all other newly industrialized nations. 

H3c :  Developing nations with any form of financial incentives are more receptive to the 

adopting photovoltaic technologies than nations without government financial incentives. 

H30    : Developing nations with financial incentives have similar adoption rates as all 

other developing nations. 

 

Methodology 

 

A set of mixed ANOVA models were used for this research to best measure each proposed 

dependent variable (price, CO2 and financial incentives) separately.  

Hypothesis H1 (Price) representing hypotheses 1-3, had a 2 x 3 mixed ANOVA with the first 

factor (between subjects), price of electricity having 2 levels.  The second factor, (between 

subjects), nation type, having 3 levels, and the third factor (within subjects).  For H2 (CO2 

levels), a 2 x 3 matrix ANOVA was used with the first factor (between subjects), CO2 

emissions had two levels and the second factor time (within subjects) had five levels. 

For H3 (financial incentives) a 2 x 3 matrix ANOVA was used with the first factor (between 

subjects), financial incentives, had two levels while the second factor time (within subjects) 

had two levels. 
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CHAPTER 4:  RESEARCH FINDINGS 

 

As stated, the primary objective of this research was to investigate the relationship among 

utility-supplied electricity prices, levels of carbon emissions as a proxy for environmental 

concerns, government or financial incentives, and the dependent variable, installed 

photovoltaic capacity in the selected list of countries.  To this end, a repeated-measures 

analysis of variance was conducted to identify the relationship of one or more of the factors 

as a method to identify potential strategies to grow photovoltaic technologies.  Identified 

factors can be featured in future marketing strategies, potentially increasing the impact and 

effectiveness of varied marketing media. In the following section, the descriptive statistics of 

the studyôs variables are presented.  Following that, the results vis-à-vis the hypotheses will 

be discussed.   

 

Descriptive Statistics 

A description of the study sample is provided in Table 4 below.  Note that a majority 

of the countries in the sample were developed nations (55%) while a minority was 

developing countries (17%).  Measurable installed photovoltaic capacity for many newly 

industrialized and developing countries is difficult to obtain and establishing the integrity of 

the data was also challenging.  Category of nation is derived based upon classification 

criteria defined by the World Bank in terms of GDP per capita and other economic criteria.  

The three levels of nations are designed to represent a variety of economic and institutional 

developments that affect the overall photovoltaic market.   
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Table 4:  Descriptive Statistics 

Description of Study Sample  
 

Variable 

 

 

Frequency 

 

Percentage 

 

Categories of Countries 

   Developed 

   Newly Industrialized 

   Developing 

 

Electricity Price 

   Low 

   High 

   Missing 

 

Level CO2 Emissions 

   Low 

   High 

 

 

 

16 

8 

5 

 

 

12 

16 

1 

 

 

14 

15 

  

 

55.17 

27.59 

17.24 

 

 

41.38 

55.17 

3.44 

 

 

48.28 

51.72 

 

 

 

The mean, standard deviation, and skewness for the studyôs dependent variable, 

installed photovoltaic capacity, is presented in Table 5.  The measures were highly skewed; 

therefore, the measures were transformed using a square root transformation.  
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Table 5:  

Descriptive Statistics for Photovoltaic Growth Across Time in 
Years 

 

Variable 

 

 

N 

 

Range 

 

Mean 

 

SD 

 

 

1995 

1996 

1997 

1998 

1999 

2000 

2001 

2002 

2003 

2004 

 

 

29 

29 

29 

29 

29 

29 

29 

29 

29 

29 

  

0 to 115 

-12 to 110 

0 to 66 

-12 to 172 

0 to 189 

0 to 207 

-6 to 117 

0 to 161 

-8 to 512 

0 to 578 

  

5.95 

5.99 

6.10 

10.73 

12.74 

18.37 

14.00 

20.44 

49.53 

48.34 

  

21.825 

21.112 

16.392 

34.469 

36.996 

46.079 

30.073 

43.771 

137.276 

148.338 

   

 

 Upon completion of the square root transformation, skewness improved by a point or 

two (skewness values of the transformed variables ranged from 1 to 3); the transformed 

variables were used in all succeeding analyses. 

 

Table 6 describes the ten year period and the range of fundamental statistical results for each 

period as it pertains to price of commercial electricity and the changes in installed 

photovoltaic capacity when segregated by nation type.  To date, monthly or other more 

detailed data does not exist on a consistent basis for all but a few of the largest, most 

developed nations.   

 

Hypotheses 1A-1C 

The following sections summarize the results and analysis of the study as it relates to the 

research propositions addressed in Chapter 1.  The initial hypotheses focus on the influence 
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of price of commercially, available electricity in relation to the changes of installed capacity 

within the categories of nations: 

 

It was hypothesized that, in comparison to nations with low prices of utility supplied 

electricity, nations with high prices of electricity would be less resistant to adopt photovoltaic 

technologies, regardless of nation type.  As can be gleaned from Tables 4, 5, 6 and 7, this 

hypothesis was not confirmed.  The main effect for electricity price was not statistically 

significant (F = .080, p = .288) when analyzed by groups of nations or level or price (high or 

low).   First, on average, the increase of photovoltaic capacity in developing nations was 

about the same as the increase of photovoltaic capacity in both newly-industrialized countries 

and developed countries (F = 1.193, p = .288).  In addition, there was no significant 

difference in photovoltaic capacity between developed countries and newly-industrialized 

countries (F = .075, p = .786).    
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Table 6 

Photovoltaic Installed Capacity  as a Function of Nation Type 
and Electr icity Prices  
  

Low Prices 

 

High Prices 

 

 

Time Period 

(Year) 

 

 

Developed 

N = 6 

 

 

NIC 

N = 3 

 

Developing 

N = 4 

 

Developed 

N = 10 

 

NIC 

N = 5 

 

Developing 

N = 1 

 

1996 

   Mean 

   SD 

1997 

   Mean 

   SD 

1998 

   Mean 

   SD 

1999 

   Mean 

   SD 

2000 

   Mean 

   SD 

2001 

   Mean 

   SD 

2002 

   Mean 

   SD 

2003 

   Mean 

   SD 

2004 

   Mean 

   SD 

2005 

   Mean 

   SD 

 

 

 

2.02 

4.95 

 

1.03 

8.37 

 

12.00 

24.00 

 

3.06 

14.20 

 

10.22 

21.25 

 

17.66 

32.00 

 

21.89 

47.60 

 

25.28 

59.03 

 

85.33 

206.10 

 

7.00 

17.15 

 

 

 

 

2.49 

4.32 

 

6.12 

10.60 

 

6.04 

10.46 

 

6.57 

11.39 

 

7.56 

13.09 

 

8.95 

15.51 

 

12.09 

20.94 

 

11.52 

19.95 

 

10.67 

18.48 

 

14.52 

25.15 

 

 

.00 

.00 

 

.00 

.00 

 

.03 

.05 

 

.00 

.00 

 

.05 

.10 

 

.00 

.00 

 

.00 

.00 

 

.01 

.02 

 

.30 

.60 

 

.48 

.56 

 

 

3.68 

9.44 

 

3.86 

8.00 

 

1.55 

3.73 

 

9.59 

22.67 

 

9.27 

18.02 

 

18.91 

40.88 

 

22.08 

34.04 

 

34.37 

56.11 

 

81.82 

173.08 

 

72.95 

180.55 

 

 

23.26 

51.29 

 

22.10 

49.14 

 

14.26 

29.01 

 

35.46 

76.36 

 

38.49 

84.32 

 

42.17 

92.22 

 

3.53 

5.60 

 

12.56 

24.40 

 

14.57 

31.95 

 

116.96 

257.50 

 

 

 

 

.00 

 

 

.00 

 

 

.00 

 

 

.00 

 

 

.00 

 

 

.00 

 

 

.00 

 

 

.00 

 

 

.00 

 

 

.00 

 

 

Units:  Installed Photovoltaic Capacity in Mw.   
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Table 7 

ANOVA Results for PV Installed Capacity as a Function of Nation Type and Electricity 

Prices 

 

Variable 

 

SS 

 

 

df 

 

 

MS 

 

F 

 

Sig. 

 

Between Groups 

   Electricity 

   DING vs. D, NIC (N1) 

   D vs. NIC (N2) 

   E x N1 

   E x N2 

   Error 

Within Groups 

   Linear trend 

   E x linear trend 

   N1 x linear trend 

   N2 x linear trend 

   E x linear x N1 

   E x linear x N2 

   Error     

 

 

10.405 

155.163 

9.751 

5.462 

3.77 

2471.167 

 

43.133 

4.063 

12.657 

27.954 

2.662 

11.653 

420.354 

 

  

 

1 

1 

1 

1 

1 

19 

 

1 

1 

1 

1 

1 

1 

18 

 

  

 

10.405 

155.163 

9.751 

5.462 

3.77 

130.061 

 

43.133 

4.063 

12.657 

27.954 

2.662 

11.653 

23.353 

 

 

 

  

 

.080 

1.193 

.075 

.042 

.029 

 

 

1.847 

.174 

.542 

1.197 

.114 

.499 

 

 

 

 

 

  

 

.780 

.288 

.786 

.839 

.866 

 

 

.190 

.681 

.470 

.288 

.739 

.488 

 

 

 

 

 

 

 

 

Exceptions to these conclusions were discovered however when  analysis was performed 

removing price levels (high and low) but retaining nation classification to determine the 

predictive accuracy of the linear equations.  Results of this analysis yielded interesting 

exceptions to the analysis of variance procedure.  It is concluded that price of commercial 

electricity is a factor in the increased adoption of photovoltaics when level of price is 

removed and all nations grouped by nation classification only.  These results conclude that 

price of commercial utility electricity is a significant factor.  Therefore, price should be 

included in future marketing strategies of solar equipment products as well as the assessment 

of future potential market evaluation techniques.   
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Table 8  

Nation Classification: Price of Commercial Electricity 

 Developed Newly Industrialized Developing 

Price of Commercial 

Electricity in US $ 

R
2  

= .881 R
2  

= .240 R
2  

= .899 

Dependent Variable:  Total Installed Photovoltaic Capacity in Mw. 

 

Regression results conclude that price is a market factor in both developed (H1a) and 

developing nations (H1c) but not so in newly industrialized nations.  Predicted results stated 

that all nations with high priced utility supplied electricity would be less resistant to adopting 

photovoltaic technologies.  It is unclear as to why newly industrialized nations did not 

demonstrate predicted results where both developed and developing nations did perform as 

predicted.  It is also unclear as to why regression results would vary from analysis of 

variance results so significantly for this independent variable.   

 

 Figure 2:  Developed nations mean installed photovoltaic capacity as a function of price 
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Figure 3:  Newly industrialized nations mean installed photovoltaic capacity as a function of 

price 

 

 

Figure 4: Developed nations mean installed photovoltaic capacity as afunction of price 
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Additional individual nation analysis demonstrates additional exceptions to the initial 

analysis of variance results. Secondary analysis was performed by using linear regression to 

measure the impact of the single independent variable of price of commercial electricity as a 

function of identifying changes in installed capacity of photovoltaic modules within a given 

nation.  Results show significant variation within each nation supporting the conclusion that 

price may be a relevant marketing factor in some nations while not in other nations.  

Table 9:  Country Capacity Comparison Developed Nations 

Country  R
2
 Mean Installed Photovoltaic Capacity (Kw) 

Germany .842 217.282 

Japan .570 94.64 

United States .834 28.357 

France .258 10.92 

Canada .540 10.832 

Switzerland .518 9.64 

Norway .115 5.00 

Austria .164 4.01 

Australia .606 2.071 

Finland .823 1.857 

United 

Kingdom 

.089 1.42 

Denmark .828 .714 

Belgium 0 .142 
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Results of individual nation by nation regression analysis demonstrate a wide range of results 

suggesting significant potential exceptions to the factor of price as it relates to increased 

installed photovoltaic capacity.  These results suggest additional factors contribute to the lack 

of a general linear trend within similar nation classification as it pertains to the factor of 

price.  

 

Hypotheses 4-6 

The following sections summarize the results and analysis of the study as it relates to the 

research propositions addressed in Chapter 1.  The second set of  hypotheses focus on the 

influence of carbon dioxide levels as a proxy for concern for pollution in relation to the 

changes of installed capacity within a the categories of nations.  It was hypothesized that, in 

comparisons to nations with high levels of carbon dioxide emissions, nations with low levels 

of carbon dioxide emissions would be more resistant to adopting photovoltaic technology.  

As presented in Tables 11 and 12, this hypothesis was not confirmed.  The main effect for 

carbon dioxide emissions was not statistically significant (F = .101, p = .753).  The only 

statistically significant effect was a linear photovoltaic trend; that is, photovoltaic growth 

increased linearly across time, regardless of carbon dioxide emissions level (F = 6.352, p = 

.019).   
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Table 11 

Photovoltaic Installed Capacity  as a Function of Level of 
Carbon Dioxide Emissions  

 

Time Period 

 

 

Low 

(N = 14) 

 

 

High 

(N = 15) 

 

 

1995 

   Mean 

   SD 

1996 

   Mean 

   SD 

1997 

   Mean 

   SD 

1998 

   Mean 

   SD 

1999 

   Mean 

   SD 

2000 

   Mean 

   SD 

2001 

   Mean 

   SD 

2002 

   Mean 

   SD 

2003 

   Mean 

   SD 

2004 

   Mean 

   SD 

 

 

 

10.44 

31.13 

 

9.60 

29.59 

 

5.27 

17.54 

 

17.80 

48.33 

 

17.87 

51.04 

 

25.76 

62.77 

 

8.25 

22.75 

 

14.14 

31.93 

 

26.36 

73.35 

 

49.76 

154.68 

  

 

1.77 

3.71 

 

2.61 

7.27 

 

6.89 

15.83 

 

4.14 

10.54 

 

7.94 

16.36 

 

11.47 

21.96 

 

19.37 

35.56 

 

26.31 

52.99 

 

71.15 

177.92 

 

47.01 

147.60 
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Table 12 

ANOVA Results for PV Installed Capacity as a Function of Level of Carbon Dioxide 

Emissions 

 

Variable 

 

SS 

 

 

df 

 

 

MS 

 

F 

 

Sig. 

 

Between Groups 

   CO2 

   Error 

 

Within Groups 

   Linear trend 

   CO2 x linear trend 

   Error 

 

   

 

 

12.096 

2750.111 

 

 

145.601 

18.200 

504.284 

 

 

  

 

1 

23 

 

 

1 

1 

22 

 

 

  

 

12.096 

119.570 

 

 

145.601 

18.200 

22.922 

 

 

  

 

.101 

 

 

 

6.352 

.794 

 

 

..  

  

 

.753 

 

 

 

.019 

.382 

 

 

. 

 

 

A second analysis was performed removing level as was done with the previous independent 

variable of price.  Nation classification was retained.  When linear regression analysis was 

performed, levels (high and low) of carbon dioxide were removed and groups of nation type 

were analyzed with the following results.  No nation classification group was statistically 

significant as the result of this analysis.  These results conclude that concern for pollution as 

represented by proxy of levels of carbon dioxide per capita is not a significant factor 

resulting in increased photovoltaic capacity with these nation classifications.  

Table 13 

Nation Classification:  Carbon Dioxide 

 Developed Newly Industrialized Developing 

Tones of Carbon 

Dioxide Per Capita 

R
2  

= .331 R
2  

= .023 R
2  

= .052 

 Dependent Variable:  Total Installed Photovoltaic Capacity  in Mw 
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A limited number of individual nations were removed from the categories of developed, 

newly industrialized and developing nations and individually analyzed to see if country 

results were similar.  Individual country regression analysis was performed to provide 

additional clarity of analysis and to attempt to identify any exceptions nation group 

conclusions.  Regression results identify that some nations, Austria (R
2
 .801) and Australia 

(R
2
 .810) did have high correlation in the direction in opposition to the overall trend.  Hence, 

there are exceptions that support the conclusion of a multi-domestic approach.   Other 

developed nations such as Germany (R
2
 .313) and the United States (R

2
 .260) did not 

demonstrate significant statistical results for the factor of carbon dioxide.    For the purpose 

of this research, the factor of carbon dioxide has been positioned as a proxy for global 

warming.  Over the past ten years, the topic of global warming has migrated from being a 

predominantly scientific issue to a more mainstream topic presented in a variety of 

contemporary literature.  During the 1997 negotiations of the Kyoto Treaty, levels of carbon 

dioxide were positioned globally as a measurement of the overall environmental health of the 

plant when comparing nations. Carbon dioxide levels are a major greenhouse gas 

contributing factor, therefore, monitoring the levels of carbon dioxide has become an 

important statistic.  While clearly not the only measurement of environmental concern, it is 

necessary to develop a method comparing multiple nations and the bi-products of 

conventional industrial energy generation technologies.  The findings in this research are 

significant in that the independent factor of levels of carbon dioxide is not statistically 

significant for explaining adoption of photovoltaics. Results of this research conclude that 

consumers do not appear to be reacting directly to the reduction of carbon dioxide as a reason 

to purchase photovoltaic systems.  Firms in the photovoltaic industry may decide to adjust 
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the emphasis placed upon the focus on the reduction of carbon dioxide, as a benefit of solar 

energy.   The results of this research bring into question the effectiveness of presenting 

pollution reduction as a primary marketing strategy to promote the implementation of 

photovoltaic technologies.  Future research may seek to discover with more clarity the role of 

this factor plays as a marketing strategy or with combination of other environmental 

measurement criteria. 

High and low levels of carbon dioxide as defined by range of values of all studied nations.  

 

Figure 7:  Developed nations installed capacity as a function of carbon dioxide 
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Figure 8: Newly industrialized nations installed capacity as a function of carbon dioxide 

 

 

Figure 9: Developing nations installed capacity as a function of carbon dioxide 
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Hypotheses 7-9 

 

The following section summarizes the results and analysis of the study as it relates to the 

research proposition in Chapter 1 and the potential role of financial incentives. 

 

It was hypothesized that, in comparison to nations that have governmental financial 

incentives for environmental protection, those nations that do not have governmental 

financial incentives will be more resistant to adopting photovoltaic technology.  As can be 

gleaned from Tables 13 and 14, this hypothesis was supported.  In particular, there was a 

significant interaction effect between the linear trend and government or financial incentives 

(F = 4.826, p = .038).  Thus, photovoltaic growth increased across time and this linear trend 

was moderated by government incentives.  Nation type is also significant as none of the 

nations in the sample classification developing nations offered government or financial 

incentives. As Figure 10 illustrates, there was an increase in photovoltaic capacity in 

developed nations whose governments provided financial incentives.  There was no growth 

(i.e., no linear trend) in increased photovoltaic capacity in nations whose governments did 

not provide financial incentives (Figure 12).  This is a critical finding to support the claim 

that financial incentives are a necessary component in the development of the solar energy 

industry.  Financial incentives benefit the industry by providing financial assistance to 

overcome the significant initial investments therefore increasing the number of installations 

within that country.  When financial incentives are offered, the barrier to entry is reduced. 
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Table 13: Photovoltaic Installed Capacity as a Function of Government Financial Incentives 

As Measured in Installed Megawatts of  Installed Capacity 

 

Time Period 

 

 

Nations With 

No Financial 

Incentives 

(N = 16) 

 

 

Nations With 

Financial 

Incentives 

(N = 13) 

 

 

1995 

   Mean 

   SD 

1996 

   Mean 

   SD 

1997 

   Mean 

   SD 

1998 

   Mean 

   SD 

1999 

   Mean 

   SD 

2000 

   Mean 

   SD 

2001 

   Mean 

   SD 

2002 

   Mean 

   SD 

2003 

   Mean 

   SD 

2004 

   Mean 

   SD 

 

 

 

7.72 

28.67 

 

8.31 

27.51 

 

5.59 

16.76 

 

12.30 

42.88 

 

13.58 

47.20 

 

15.69 

51.49 

 

3.23 

9.62 

 

7.69 

36.13 

 

6.14 

19.36 

 

40.14 

143.73 

  

 

3.78 

8.65 

 

3.13 

8.84 

 

6.74 

16.59 

 

8.80 

21.60 

 

11.70 

20.17 

 

21.67 

40..24 

 

27.26 

40.61 

 

36.13 

60.55 

 

102.93 

194.69 

 

158.43 

159.12 
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Table 14:  ANOVA Results for PV Growth as a Function of Financial Incentives 

 
 

Variable 

 

SS 

 

 

df 

 

 

MS 

 

F 

 

Sig. 

 

Between Groups 

   Financial Incentives  

   Error 

 

Within Groups 

   Linear trend 

  FI x linear trend 

   Error 

 

   Quadratic trend 

   FI  x quadratic trend    

   Error 

   

 

 

166.167 

2596.041 

 

 

168.647 

94.594 

431.222 

 

.095 

2.320 

189.024 

 

 

  

 

1 

23 

 

 

1 

1 

22 

 

1 

1 

22 

 

 

  

 

166.167 

112.871 

 

 

168.647 

94.594 

19.601 

 

.095 

2.320 

8.592 

 

 

  

 

1.472 

 

 

 

8.604 

4.826 

 

 

.011 

.270 

 

 

  

 

.237 

 

 

 

.007 

.038 

 

 

.918 

.608 

 

 

 

 

FI= Financial Incentives 

 

While not measured in this study, it can be implied that when a state or government provides 

financial incentives, there is an implied stability to the photovoltaic industry that can serve as 

an additional benefit of providing legitimacy to solar energy as an alternative to commercial 

electricity.  This may also encourage the growth of complimentary products and service firms 

providing installation, monitoring and educational capabilities. These complimentary firms 

increase competition and consumer choice within the industry potentially accelerating both 

the awareness of the incentives and subsequently the technology itself.  If in fact, the cycle of 

adoption of photovoltaics begins with financial incentives, then marketing strategies need to 

emphasis this factor above all others when developing a marketing strategy.  Manufacturing 

firms in this sector must plant a ñgolden seedò that may ultimately germinate the entire 

industry.  
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Figure 10| 

 

 
 

 

 

Figure 11 
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Figure 12 

 

 
 

 

 

Case Study 1:  Germany and the United States Case Study Results 

A survey was administered in a case study format to measure end-users of installed 

photovoltaic customers within the two major markets of Germany and the United States to 

identify actual purchasing criteria. Surveys were administered in Germany and the United 

States to gather data on the perceived benefits of photovoltaics and how these consumers 

valued the factors during individual decision processes.  The three key factors of interest in 

the survey were the same as conducted in the twenty nine nation research.  Measurements of 

both qualitative and quantitative responses were applied to this case study approach to help 

determine the causal factors relating to the varied rates of growth in these key markets.  Ten 

survey questions were developed to represent how the three identified factors influenced the 

decision to switch away from centrally distributed utility-based electricity to a photovoltaic, 
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independent generation of electricity alternative.  The survey was completed by a total of 

fifty  one customers in these markets and the results were tabulated to identify priorities of 

decision criteria. The process of leaving established, utility-provides electrical services, to 

initiate location-based renewable energy such as photovoltaics, includes multiple potential 

influential factors.  The results of the survey provide insight into consumer behaviors that can 

be incorporated into subsequent marketing strategies of photovoltaic equipment.  

 

Dissertation Survey Questions 

 

Sample Responses:  Germany N= 22   United States N=29 

 

1.   What was the primary motivating factor for the purchase of a photovoltaic system for 

your home or business? 

 

a.  To reduce dependency upon other types of fuel to generate electricity. 

b.  To establish a fixed, predictable cost of electricity for the future. 

c.  To be environmentally friendly and limit pollution. 

d.  To utilize the tax incentives or rebates available in our country. 

e.  Independence from my current electric utility. 

 

 Germany United States 

a 1 4.5% 1 3.4% 

b 2 9.1% 4 13.8% 

c 3 13.6% 5 17.2% 

d 16 72.7% 18 62.1% 

e 0 0.0% 0 0.0% 

a 1 4.5% 1 3.4% 

 

 

 

 

2.   Was this your first renewable energy purchase for your home or business? 

a.    Yes 

b.    No 

 

 Germany United States 

Yes 19 86.4% 23 79.3% 

No 3 13.6% 6 20.7% 
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3.    When considering this purchase, was the decision based upon a traditional pay back 

calculation in terms of justification for the financial investment?  (Payback, ROI, etc) 

 

a. Yes 

b. No 

 

 Germany United States 

Yes 15 68.2% 20 69.0% 

No 7 31.8% 9 31.0% 

 

 

 

4. From whom did you purchase your photovoltaic system? 

 

a. The manufacturer 

b. A distributor 

c. An installer 

d. As sales organization 

e. Online 

f. Other. 

 

 Germany United States 

a 2 9.1% 2 6.9% 

b 1 4.5% 3 10.3% 

c 11 50.0% 16 55.2% 

d 4 18.2% 1 3.4% 

e 4 18.2% 5 17.2% 

a 0 0.0% 2 6.9% 
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5. Approximately how long was the time between your first consideration of installing 

a photovoltaic energy system to the date the system was purchase? 

 

a. 1 day to one week 

b. One week to one month 

c. One month to three months 

d. Three to six months 

e. Six months to one year. 

f. More than one year. 

 

 Germany United States 

a 0 0.0% 3 10.3% 

b 7 31.8% 3 10.3% 

c 8 36.4% 9 31.0% 

d 4 18.2% 9 31.0% 

e 2 9.1% 3 10.3% 

f 1 4.5% 1 3.4% 

 

 

 

6. Did the total amount of federal and or state and regional tax incentives combined 

with other rebates contribute more than 50% of the total system investment cost? 

 

A. Yes 

B. No 

 

 Germany United States 

Yes 12 54.5% 20 69.0% 

No 10 45.5% 9 31.0% 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




