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ABSTRACT

The photovoltaienergy markets around the sbhaveprogressedinevety, primarily as a
result ofindustryspecificexternalities regarding political, environmental, and economic
market factors Photovoltaidechnologiegpresensolutiors thataddresghe concernabout
pollution andlong-termenergy security attributed timntemporay eledrical generation
methods To date, photovoltaic technologies have not met the levels of anticipated
electricity contributioron an international basisven though awarenestglobal warming

anddemand for electricitothcontinue to rise.

The purpae of this study was to identjfgrioritize andultimately presenpotential market
factorsmultinational firms may utilizeas part of a focused marketing stratémyncrease
implementation of photovoltaic technologie®lostmarketingstrategie®of phaovoltaic
technologiepredominantlyemphasize thbenefits that impact large groupsa natiorbut

often do not clearly provide motivations for the individual asasumer Current

technology within the photovoltaic industry provides a wide variepgoténtial benefits such
as the reduction of carbon dioxide emissjdravever emphasizinghese benefs may not

be the most successiularketing strategyAppealing to group benefits may have been
appropriate for early adoptergiowever, to penetratadger, second generation consumers, a
different marketing strategy is suggestethis research suggests that the nedfgctive
marketstimuli for the photovoltaic industry atke various forms of financial incentives that
most directlybenefit the indridual consumer It is concluded that marketing strategies need

to focus more on the benefits to the individual rather than the broader natisnaletal
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benefits. While benefits that focus on public goade importantthis research finds that

markeing strategies should focasoreprivate good benefits such as financial incentives
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FOREWORD

The modern consumers of the’2®ntury live in an age of competing choices. Marketing is

t he mechani sm used t octiofdirepeogucts amceserwogstouch o f pr
with our evolving soci al p2a200R). pFevrcerenissuesafo n d i t
the global economy are as dynamic as that of energy. Currently, one of the most emotionally
charged perspectives of enetigyenewable energwith all its potential implications for the

global economy and environmeiithe potentials ofenewable energy are both exciting and
intimidating at tle same time. This research soutghievaluate one of the most promising

segmats of renewable energyphotovoltaics, and evaluatesome political, financial and

environmentafactorsin orderto better shape multinational marketing strategies

Energy markets around the world have begun 4exeminethe costs and benefitattributed

to conventionalelectrical energy production methods by broadening considerations that

reflect both environmental and security issu8s demand for electricity soarsp do levels

of pollution andthe perceived supply volatility associatadth conventioml fuels The
subsequent ripple effecibn the conventional electrical generation markets have influenced

the growth of photovoltaics asviable substitute in many majonarkets around the world

(Bradford 2006).Solar energyas been identified as arewable energy alternative that may

be able to contribute up to 30% of the worl
2005) Unfortunately, after more than two decades of technical progressnareased

investments that have reducdtle cost to pragce solar modules, the adoption of

8|Page



photovoltaic technologies remains highly scatteseth only a few international markets

realizing significant installed capacity.

Renewable energy generaland photowltaics in particular, provida unique setf benefits
such as scalability, a stable technology platfoand the ability to provide a fixed cost to a
major energy source. Consumseseking to invest imlternative sources of energyll each
have individual reasorfer adopting solar as an energy smir Multinational manufacturing
firms in this sector have attempted to identifynat factos most significantly influence
potential customersonsidering investing isolar energy The challenge occurs whéine
uniquesetof benefitssolar energyprovides are compared witlthe established benefits of
conventional electcal energy products. Too oftephotovoltaic manufacturers appeal to
benefitsthat are not focsed upon the individual consumieat rather on broader national
benefits such athe reducton of polluton levels. This study examinedgroupof market
factors and concludethat current marketing strategies are not well focused to maximize
increasd future photovoltaic sales. Of the factors measuigeedncial incentives resulted as
the mos consistent factor for increasimgstalled capacity of photovoltaic services within the
analyzed countes. The factor of pricefor commercial electricity did haveotable
exceptions when analyzdaly country Levels of carbon dioxidevere determined tobe
secondary to financial incentives a potential marketing factaoncluding thaincentives
should play aprominent role in the marketing strategies of multinational photovoltaic

manufacturing firms.
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CHAPTER 1: INTRODUCTION

Introduction of the Problem

Fossil fuel energiesuch as petroleuterivatives natural gas and coal have propelled the
global economy to new heighthanging how the worldroducesand moves goods and
services for the pastvo hundred year@lack200§. However, theséraditional forms of
energy face growing concerns regardingavailability of long term suppes, potential
impacts omational securityandthe impacof envirormental pollution. These concerns
combined have contributed the acceleratedterest indeveloping alternative formesf
renewable energyuch as wind, solar and hydro powé&rom these alternativesglar
energycreated by the use of photovoltaibasbeen positioned as an alternative for
producing electricityhatrepresents a solutiothatdirectly addressethe concernselated to
conventional electrical generation techniques. To, tia@ever, the international levels of
adoption for photovoltaic technologies have been inconsjstéhtonly a few key nations
demonstrating a high levef oommitment to the technology (Bradfa2006 Bubenezar

2003.

Multinational firms competing in the photovoltaic industry currently upon a broad set of
message in their marketing campaign3he ptential benefitpresented includéhe
reduction ofcarbon dioxide, stability aheprice of electridy as a hedging tool, reduced
burningof carbon based fuels, energy security, unlimited access to thetiiaation of a
safe technologyand the potential dfnancial incentives Theblending of sul diverse
potential benefits may leave a potential consuroefused abouvhy to purchase

photovoltaicsand therefore diministhe number binstallations
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After considering the list of presented product benehesirtarketing message of the
photovoltacs industry carfbe separated into two different marketoegegoriespublic

investment begfits and private investment benefit§he discussion of public and private

goods is well established (Samuelsb®54 et a) and isrelevant to the marketing of

renevable energy technologies as existing literaftequently focus upon benefits beyond
traditionalindividual marketing strategiesGlobal warming, and the related topic of

reduction of greenhouse gasissa classic example of marketing initiativésit 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 onlyjeyed by those that actively choose a

specific behavior and the benefits are not shared with others in the commAmite

marketingof photovoltaics equipment often attermpi combine the two perspectivésmay

be suggested that tlecision procesf®r prospective customers umecessarily complex

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

Photovoltaic equipment manufactureften focus marketing messagdbat identify
environmental benefits such as the reduction of cadibmnde levelgFarhar, Houston 2000,
Day 2002) There may be additional market factptsotovoltaic equipment manufacturers
need to consider as potential barriers of future adoption of photovoltaic technolbgies
Bradford of the Prometheus Ingtite in Boston Massachusetsiggests thahe largest
challenge to the photovoltaic industry is the high upfront investment cost of photovoltaic
equipmentwhich can often be in the tenstbbusands of dollars even for residential

customergBradford, NOREL et al.). While many potential investors do valbeing
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environmentally consciou$arhar, Housto2000), the financial commitmemecessary to
implement a photovoltaisystem canot oftencurrentlybe justified eonomically. This
leavesthe photovotaic manufacturindirms in an unconventional position of representing a
productthatbenefitsthose that purchase the equipment and those who do natouish

levels of the same benefiMany of the multinational manufacturing firms in the
photovoltaicindustry focus orthe public goodenefits(Cowen, Tyler & Littlefield2007)

but do little to individually justify the personal investménthis form of technology

The majority of firms competing in thEhotovoltaic industrjrave experienced constims
of raw materiaused inmanufacturing processes (Bradford, 2008ilicon and other silicon
derivativesarecurrentlythe primaryraw materials used in manufacturing solar pandikis
has resulted in an increase in competition for raw materidfstiagelectronics industryhat
alsosourcesignificant quantities of silicofor manufacturingdBradford2006. The
technology used iphotovoltac electrical generation is stable and relisdobel has not been
considered a barrier to increased adoptiotn® technologyHowever, a@equate levels of
productionof photovoltaic moduleBavebeen an issue for the industry becaaseent
manufacturing capacities have not been #&bleep pace with demand throughthé past
five years. In addition, produot levels havget to achievdull potential economies of
scale, which willfurthercontributeto a morecompetitive price per kilowatif generated
kilowatt in relation to current conventional generation methogen with this limitation,
the price pekilowatt geneated using photovoltaic technologfes residential, commercial
and industrial applicatiorsas consistently fallerover the last ten years (Bradfa@06).

Lower prices havalsoallowedphotovoltaic energy tbecome more competitive as a
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alternative to commercial electricily some markets when combined with other market
factors Increased competition with the electronics industry for raw silf@sresulted in

rising costs of silicothat hasslowedthe continued pige reductionsrad delayed shipments

of photovoltaic modulesThis strain orthe supply chaitas impacted most of timeajor
manufacturers of photovoltaic modulesducing their competitive ability The pending
increase in the supply of raw materials is projected toaedosts 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 solanergy 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,

mainstreanenergy alternative.

The installation of photovoltaic equimnt in the major solar energy markets around the
world is critical to the success of thEhotovoltaic market. The installation of photovoltaic
equipment is a local functiprequiing an understnding ofregionalenvironmental, zoning

or other regulatory guidelines for installatioompliancesTo date, 0 manufacturer of
photovoltaic equipment hadke consistent, local installation capabilities necessary to support
even the major markets aroutie world. This serviceelementhas 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 argositiored to have significant influence on a prospectiveaust of solar
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equipmenthowever the manufacturing firmsurrentlyhave little or no permanent
relationships with these firmgvhich instead servas independent agents for a variety of

solar equipmentanufacturers.

Background of Study

In the discipline ofnternational marketing, scholars have presented a myripérspectives
as to how to approach the introduction of a new product or service into vdegathtional
markes. It can be argued thao two marlets are exactly the sanand that each nation
possesses matrix of unique consideratigraiggesting that each product requires a tailored
marketing strategy for each nation. In addition, enatket maynotbe defined by
establishedhational boundaryines (Ohmael989, but grouped by other cultural, political or
industrial similaritiesEnergy is one of only a few broadtpmmon threaglall nations share
in econanic activities around the worl@GeeAppendix A:Figure 13) Electricity asan
energy forms avital component in theroducton of goodsor servics in nationsranging
from the most fully developed tmations still classified asmerging markat(Chart 1in
Appendix A depicts historicand projectedet electrical consumptidoy region)

Electricityis present in almostvery nation around the worldiowever the forms of
generatiorand levels of demand are different and changihthe time. Electricaénergy

can no longebe classified aa single isolated industriputinstead asany industries tied to
themanyfacetsof a natiords political, cultural and industrial activitigdEA 2005. The
combination of these external influences bastributed to the renewed internatiodalog

as to how nations viewlectrical @ergygeneration alternatives. To date, each nation has
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responded to thearieddynamicsof the renewable energy marketpladéferently as a result

of varied cultural, political, and financial priorities.

One aspect ahe renewable energy industry tihais not received significant debate relates
to theclassification érenewable energy as either a public or private g&@mme scholars
have debatedhetherenergyin general should be consideragublicgoodor a private

good.A private good isdefineds a good that is both dArivalro
priceo ( Rowmaldy).&urépubli¢c Joadre thee dpposite and by nature are
notexclusive;an example would be clean air or wat&he 20" Century suggests that energy
may haveattributes of botlas supported bthe parameters developedlihe Rural
Electrification Act of 1936.In the yeardollowing the RuralElectrificationAct, the role of
energy becamthe subject od debateamongeconomists MancurOlsen 1965 sawenegy

as possessingharacteristics of both definition$olitical leadership in the Unite8tates and
Europediscusgdthe role of government aspertains to monitoring azontroling pollution
levels suggesting that the energy industry is a public gdbthcreased government
environmental regulatiomaterializes, itwill be difficult for governmentso implement
correctivelegislation becausas doing so mighdlterexpectations oéxistinginvestors who
ownthesunk cost investment of incumbent sligys. If the energy industry is classified as a
public good rather than a private goadahcial expectations afivestorswithin the energy
sectowill potentiallybealtered. While pollution is an obvious kproduct of energy
consumptionit may benecessargt some pointor governments$o pursue increased
authorityto regulatepollution levelswithin 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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Environmenal Protection Agencgyas a department of the ®vernmentis responsible for

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

Thestrongest xamples ofntitiesthat have moved the debate from theoretical toac
applicationinclude Germany, Japan and the states of California and New Jersey in the United
StateqChart 2in Appendix A depicts cumulative installed photovoltaic capacity over the

last ten yeals Germanyis the largest photovoltaic market in therld primarily due toa
significantgovernmentaéffort toencourag customers to take an active role in their own
energy productiofAppendix A: Figure. Political and beconomicpolicieshave resulted in
financial commitments to renewable energies ti@veachievedneasurable benefits to all
citizens of German{iEA 2006) The success oeEnewable energg oftenpredicated upon

a more active involvement of individuals, corporations or institutions than current forms of
energy.Renewable energy camsers take on the added responsibility of sizing, installing

and maintaining location level equipment that is not required in traditional commercial power
alternatives.Renewable energy cdhereforebe interpreted as a reversal of the dependency
upon a entral or commercial energy source reverting back to a more location level solution
to specific energy demand$his behavioral change is the crux of greblems oimarketing

photovoltaictechnologiesandis the primary focus of this research.
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Statenment of the Problem

For the international photovoltaic industry to evolve from isolated geographic areas of
economic success to a more mainstream energy alterraateenprehensive understanding
of the markemustbe developed. Solar energgn be classid asa lowerend disruptive
technology (Christense2000 that equires substantial awarenessthe parbf both the
potential individual investarand the political leaders within a given mark&t/hile there are
examples of natiogpecific case studsethere is little research that looks at the entire
international photovoltaic market to determine what has been succassfuhat hasot,

that can then be incorporatedo themarketing strategiesf photovoltaic manufacturers

Purpose of the Study

Thepurpose of thistudywas to incorporatdata from multiple nationgsanging from

developed to developing natigms an attempt to measure and prioritize actual market

drivers as measured by installed photovoltaic capacities. the opinion othe researcher

that current marketing strategies of the major photovoltaic manufacturing firms are too broad
andlack focus on the motivations of the indiwdl investor. The most frequently used

benefits used ipromotingsolar energwre dfficult to measureat the individual investor

level. While it is not suggested in this research that stated public good benefits are not
importart, this study will showthey need to be gositioned The potential to identify and
developanewset ofmarketing stratags from the perspective of the individual may be
beneficial as the industry attempts to attract new commercial and residentialTusers.

possibility that two distinct markets for photovoltaiogucts may exist, one with financial
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incentives to invesdnd a second market where there are no financial incentives results
of the study are intended assistirms in assessing what fact are to be emphasized in

variedmarketenvironments

Research Questions

Hypotheses (Group One):

How does price butility -provided electricity influence potential photovoltaic customers?

It is hypothesized that, in comparison to nations with low prices of wpitiyided
electricity, nations with high prices of utilfgrovided electricity would be less resistémt
photovoltaic technologiesesulting 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 hypothesitemptsto measurephotovoltaics as a possible
substitue in those markets where commercial electric rates are comparatively Ihighce

of commercial electricity waglentified as a potential market factor, firms may adjust their
marketing strategies accongily to positionthe relevantphotovoltaic advantagesMany

nations such as Swedemd portions ofthe US have offered electricithat is branded
Agreend as it 1is gener at mahods Greendtermativestatee e n e
not widespreadnd are not availabla all countries oin all markets. Where these programs

have been intduced, electricity is oftesold ata premiumprice ranging from 10% to as

high as 33% above the pri ceCldaryrthe arenfidpprice wn o K i
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of green electricity has a potential impact on a given markéteasuiccess of these programs
is mixed These conclusiorsuggest additiondlture research is necessaryitentify how
the pricing of solar energy output can be designed most &¥fdg. In some regions of the
United St at es dur mankgtingtoh greenlehé&gprogsams failedaltogether
beausedemand was not adequate to justfyntinued investments biyhe regional utility
firm. During this same period of timether nadions wereable to invest inphotovoltaic
technologiesand produce great quantitieseéctricity, suggesting that there aséll market
factors within the photovoltaic industryhat are not fully understood The keyresearch
guestions still remainwhy have some nations been able to embrace the sacrifiapsal
investmentrequirements antearning curve demands ghotovoltaics while other nations
have notbeen as successful2Vhat does the role of pricas measured iper kilowattof
commercial etctricity contribute as apotential factor in evaluating photovoltaics as a

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 hypoteseswas studiedo compae nations with high leels of carbon dioxide
emissionswith nations withlow levels of carbon dioxides a possible market factor of
adopting photovoltaic technologiesslobal warming is currently one of the most debated
public health issues around the world. This issue presents an almost unprecedented challenge

to the global economyin that as one natiods policy regarding carbon emissions
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determined it willimmediately and directly impacheighboring nationenvironmental
conditions. Asthe debate over global warmirigas expandedienewable energies of all
forms have benefitted fronthe risingtide of awareness. Thiet of hypotheseseeks to
determine ifthe factor of carbon dioxide as a proxy for a naBooverall levelof pollution
may beidentified asa contributing factor to the growth of photovoltaics in a given market.
Currently, reduction of carbon dioxide is one of the more promimégmentsin the
marketing ofphotovoltaicshowever it is unclear if this factois actually asellablebenefitin

marketing of photovoltaiproducts.

Hypotheses (Group Three):
Are financial incentives such & rebates or feeth tariffs effective marketstimuli for

increasing installedphotovoltaiccapacity within a given markglace?

The researcher was able to compastions that offer anyorm of financial incentive
(rebates, feeth tariffs, tax incentivesetc), with those nations thatodnot have financial
incentives and thenmeasure them as a factor in promotpigptovdtaic technologiesThe
existing levels of installed photovoltaic generation capacities measured in kilowatts
generated ardighly variedinternationally Some nations such asef@any, Japan and
portions ofthe United States enjoy substantial quantitiesnstalled 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 egisinétaive
exploratory study will be useful to research the presented sets of mgpké¢tdses. In this
study, tweny- nine different nations were classified into three economic categories and then
compared by the set of stated potential market factors. Femdent variable, current
installed generation capacity of photovoltaics measured in kilowatsused to measure
progress of photovoltaic technologies in each country. An empirical analysis was used to
identify which facto(s) directly correlated withhe actual increase in photovoltaic capacity
in the given nation. Existing research does existahatygsindividual natiors, butthis
research attempted to incorporate multiple factors over a twelveggead to identify more
comprehensivenarket simuli 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.

ResearchScopeAssumptions& Limitations
The researatr 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 capétad a dichotomous variable representing
financial incentives were the only variables incorporated in the statistical model. It can be
argued that other variables maxist; however lack of reliable data for some nations was
often a barrier to the researcher. Additional variglslesh as the qntity of electricity
imported by a n&bn or statistics measuring energy intensityaafiven nationn terms of per

capita usagesvasalsoconsideredut not ultimately selected for this research.
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Thenations selectenh this research amgations thahave measurable levels of installed
photovoltaiccapaities. The resulting sample of nations is imbalanced primarily because of
the larger number afeveloped nations as an economic categehychaccurately reflest

the current imbalance in internatadrphotovoltaic 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 rele\aaketmgn
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 priasetiisee primary
groups of hypotheses as well as the origingd dallected 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

Introduction

The researclguestiongresented in this studgxaminethe impact of thre@otentialmarket
variables price of electricity, concern for pollutiprand financial investmergubsidies as
potential marketstimuli suppoling growth of photovoltaic energyproducts There is no
single study that directly addresseg tlesearch questions posed hérayever, there are
many studies that identify and explaiements of this topic as it pertains to thiernational
marketplacefor solar energy. Each variable being consider@d this studyis currently
positionedin marketing campaigns of the leading photovoltaic manufacturing firms as a
perceived benefit of photovoltaic technologieBhe literature introduced to this studyiliv
relatespecific streams afesearch pertaining identified variable or marketing theoriéest

identify how these factonelate tobehaviors otonsumersf renewable energies.

International Marketing Strategies
To begin assessing the photdaid energy sector from an international perspectivés
necessary to reviewwo competinginternational marketig strategies that are relevant to
multinational firms seeking to expand beyond domestic marketShe frst stream of
literature focuseup;m T heodor e L €he Globali@aasion of dViarketsfi(1983.
Levitt introduces the idea aftandardized products that are adaptable universally to all the
major markets of the world The benefits of standardized produei promoteenormous

ecoromies of scalgleading to cost and knowledge efficiencee®l establishing a substantial
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competitive advantagelevitt also argues thatarketers otandardized products will utilize
standardized marketing approaches establishing a single, common enfessaly) potenal
consumers. Levitt uses tliegample of batterpowered products which are all part of what
Levitt descri bes .a€ondurheelectiodics panging o careraset®
pocket calculators will be dominated by Japanese manuéstiue to the common design
element of using batteries as a power saurthis stream of literature is interesting to this
study in thatjust as Levitt used batteries as the common element as to why the Japanese will
dominate the electronics industtizge 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
thereforean implied standardization of solar modutzs be applied to manufacturing of
solar modulebecasethere is no need toustomizesolar paned for any single market A
standardized solar module can be sold around the world with no technical modifications
potentially appl yi ng.Thesecont ¢leinentd e v ipHedy@de® a dv an
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 omarketing strategiiterature is presented by Kenichi Ohmae in his research
Managing in a Borderless Wd (1989). In this article, Ohmae discusses the benefits of
local managementadj usti ng t h e nearsightedndsg ubgapplyiegr leaoal
perspectives to marketing strategies to incorporate cultural differencesom& market
manager of a multinatiohfirm cannot have the same equidistant perspective of all markets
potentially diminishing marketing effectivenessOhmae (1989) suggests thathere will

always be theendencyto have a home market perspective that may not be appropriate for
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certain oveseas markets. Local market conditions often recadljastments to the product

or service to accommodate local regulations or market conditioridonclusions suggested

in this research demonstrate the importance of local solar equipment installers as
representation for manufacturers of photovoltaic equipment. To daephbtovoltaic
industry istoo small in scope and scale to provide adequate direct representation of major
manufacturers through braedl local agentd_ocal expertise within a given miat is most
frequently represented by local, nbranded installers of equipment. These local installers
also possess knowledge of electrical codes or other regional information that is beneficial to
the education of potential consumer¥he local insthers 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, prgvading
consumers with local expertisea givengegr aphi ¢ mar ket . vieh mae 6 s
suitedfor the solar equipment industibpecausehere is a wide variety dbcal market factors

to be consideredhen assessing solar energyeginalinstallersare not usually under the

direct supervision fo any manufacturer creating a competitive vulnerability for the

manufacturer

Niche Market Status
The photovoltaics industry in 2007 can most
based upon total installed capacity dataor many new technologieslifferent 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 satuoati has been analyzed in numerous studies
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to provide additional claritysed to react to the market at that given stage. Generally, these
models represent anshaped diffusion curve showing slow initial growth then leading into
accelerated growth then mduding 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).

Grubl erd6s Stylized )Stages of I nnovation (1909
Stage Mechanisms Firm Costs Market Share
Invention R&D breakthroughs, | Highest and often | 0%
applied research, un-focused.
Focused R&D Identification of Highest but 0%

applications. Applied increasing in focus.
research for specific

projects.
Niche Market / Early| Identification of High but declining | 0-5%
Commercialization specific applications.| due to

Close relationship standardization of
between developers | processes.
and end users.

Initial Diffusion Standardization of | Rapidly declining Rapidly Rising.
product and mass 5-50%
production.

Economies of scale.
Network effects

Saturation Limited incremental | Low, perhaps Up to 100%
improvement. More | declining
efficient competition.

Senescence Dominance of Low, perhaps Declining
superior competition.| declining

Grubler et al. (1999)

In relationto all energy consumed by all current meams,averagePV technology only
represents0.01% of all energy consumednternationally (IEA, 2006) A significant

disconnect is apparerntowever when currenievels of installed photovoltaic capacity are
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compare with literature projecting theole solar energy will play in future energy
contributions. The 2006International Energy Associatigpublishedreportfrequentlydo not
isolate photovoltaic contribuths as a portion of total electricity generated but rather as part
of a portfolio of future levels of all renewable energy alternatives ,(E)®6). One might

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

globd energy consumption?

The answer lies in the lorgrm benefits of solar energy that are often wwdued or
poorly explained to potential consumers. Currently, customers of photovoltamwiegies

are predominantly seducated as to the benefifissolar energy. These early adopters often
approached the adoption of photovoltaics with prior convictieris their priority beingto

utilize an environmentallyriendly alternative These early adoptepgace less emphast

the financial drawbackgavoring more altruistic benefits (sethe secton on Pro
EnvironmentalAttitudes later in this chaptéwiser & 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 adoptersan attempt tattract potential
consumers with alternative criteria fof product evaluation Currently,photovoltaics are an
established technology but ameform of energy production that is not underdtby many
potential consumers outside of early adoptéirss argued in this research that motivations
for early adopters of photovoltaic products are different than for potential second generation
adopters of photovoltaic technologidgsor this niche miket to expandeyond current levels

of installed capacity, a differebtendof product benefits must be communicategotential

customersthat identify and address matream consumer purchasing criterist is also
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suggested thateh international mrket represents unique attribytadactthat may preclude

the ability to develop broaor standardizedarketing solutions.

Size and Scope
The sheer size of the photowalt industry is an issue that hast received significant
analysis in the curre 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 paperi t | ed A Publ i c
Private Inve t a rinsthis studyfive variables were measured in a{0&sed survegf both
residential (52%) and small to medium commertiatallations ofsome form of renewable
energy technology The five variablepresented in this studyere employee moralgublic
image, efficiency gains, regulatory risk reduction, and altruism. The conclusions of this study
identify two key resultselevant to this researgertainingto how utilizing renewable energy
can impact the perceptions of employees when renewabtgyeapplications are used within
a firm. The first resultshowedthat efficiency gains are not the primary reason why
consumers adopt renewable energies. This is a logical conglasioarrently most forms of
renewable energy are more expensive tlanventional energy sources. Consumers seeking
efficiencies would not be interested in a product alternative that is priced at a premium over
other alternatives. The second welet discoveryof this research ighe two primary
motivations consumers stdtas to why they support green energy. The top three responses
were altruistic (organizational values and civic responsibility) and employee or family
morak.  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 asegmaronment isa
potentially important market differentiatiainaracteristic and cqopetitive advantage. fns
electing to participate irgreen energyprograms orto purchase greemproductsdirectly
assisted all forms of renewable eneigy serving as an example to their industry and
community Renewable energy alternatives astl small in proportion to convermnal
energy generation meanslowever 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 capars located in three countries,
Japan, Germany and the United Stgdr®metheus Institute, 200i1i ¢ h a e | Porteros
of economic clusters has significant relevance to the photovoltaic industry. Manufacturing of
solar modules occurs all around therld; however, manufacturers depend upon a variety of
local, complenentary firms to support and install their products after the sale. The major
markets witlm the international photovoltaic market can also be related to the theories of
economic clusteng. Porter discusses how physical concentration of firms, both primary and
secondary partnersiithin developed industriesan establish a combined benefit for all firms
(Porter, 1998). The International Energy Association has published renewable @éa@rgy
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 todesms of installed PV
capacity. With thesegeographicareas of indstry concentration,P o r t e€condnsic

clustering observations can be applied supporting the accelerated growth within these
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specific marketsIntegration of knowledge, facilities, and iagtructure 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 becausdt has given companiesuch as BP, Kyocera, and Sharp access to
trained installers and peripheral equipment manufactutbat have in turn spawned

additional demand for PV products.

Region Country Installed Capacity in MW
Europe Germany 100
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
Total 3,145

Figure 1:Approximate Current Installed Capacity by International Region ZB@metleus

Institute (2007)

Japanese firms such as Kyocera, Sanyo, Mitsyb#sid industryleading Sharpall have
facilities in all three key markets. Comptentary industries shcas manufacturing facilities

for paysilicon raw materiahave become criticabtthe decision of foreign direct investment.
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To date, only Mitsubishi has developed an internal silicon supply sobimgever the

pursuit of larger quantities of raw materials is a major market focal point for the years 2007
and 2008. Additional manugeuring 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 manufacture of photovoltaiegrade polysilicon. The physical demands of
production and the transportation of raw matena&sy lendi t sel f t o iRPtbatt er 6s
clusters will continue to form around the major manufacturers and these eventual sources of

key rawmaterial suppliers.

Pro-Environmental Attitudes
From asociopolitical perspectivet he A gr e e n 0 seenanarkecthgrogitess bvarshe
previous decade with increased environmental concern across a wide range of nations
(Frazen 2003)Surveys condued by the Health of the Plan(HOP) have resulted in
conflicting reasongor the increasd concern for the environmentEvidence of heightened
concern can be seen in the increbiee numbenf environmental treaties signed and the
number of internatioml, nongovernmental organizatioriscusng on a wide rang of
environmental challenge&rank, Hironaka, and Schofer 2000; Frank 2000yrrently, 48
nations (14 developed nationand34 developinyj have renewable energy policieall 25
European Unin nations have very specific energy targets in terms of reducing CO

emissions as well as installing renewable energy technol(gias2006)

31|Page



One set of literatre argues that concern for the eowiment increases encountryas

economic stabilityncreases (Inglehart 1995, 1997). Richer countries have the luxury of not
worrying aboufundamentakéconomic conditions and therefaran focus omther values

such as the environmenEstablished economic stability allows a @l population to
incorporatebroader and more diverse csidergions into their financial and social policies.
Poorer nationseact differentlyas a result of obviousodal or economic deficiencieswWhen
pollution issues such as unhealthy air or water occur, theseearedaslocal issues witta

direct impact upon the citizens of that coomity. Local issues often resutt more

immediate resolutionfrts byricher nations. This is supported by results provided by the
World Values Survey whelti@igh per capita GDP natisrof Sweden, Denmark and
Scandinavishowed the greatest levels of support environmental protections while low GDP
per capita nations Russia, Turkey and the Czech Republic rated the lowest in déoaeIn.
nations often have extensive social and econdssites that may be perceived as more
significant than environmental concerris.n g | spost matebalisnindex has beconmibe
foundation of additional studidsy Miguel Basanez, Jaime Did#edrano, Lok Halmann

and Ruud Luijkx 2004). These studies dinot focus on environmental behavior patterns but
on more conventional demographic data such as raceprebg political perspectives. This
research does provide a hierarchy of how societies migrate from basic needs to more
complex values.This reseech extends those conclusions to potentially include
environmental issues as a new form of a-n@terial goodind as a market factor feolar

energy.
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Contrary literature by Dunlap and Gallup (1928)d Dunlap ad Mertig (1997) argue that

per capita GDFhas no correlation to environmental suppoHowever their findings have

been challenged bpiekmann and Freze(l999) who statedt h a t Dunl ap and
findings were on@limensional and not fully reflective of the issudiekmann and Frezen

go on b provide analysis of how the environment versus the economy cannot be dismissed
Frazen concludeth a study which analyzed both the 1993 and 2000 International Social
Survey Program (ISSP}hat higher proportionsof citizens in wealthier nations suppo
environmental protectionsver economic growth thado citizens in poorer nations. Poorer
nations support environmental protections as a reswhweronmental challenges that are

local issues that impact the public good of those regions.

Two additional areas of literature exist that attempt to understarednmiconmental attitudes

of large, national groups. The first set of literature focuses upon sociodemographic variables
suchas ageand levels of education (Dietz, Stern & Guagnand)9%his line of theoryhas

only resulted ina nominal levelof explanationin measuing environmental concerns. A

second groupof literature focusing uporsociatpsychological studies habeen more
successful in predicting prenvironmental behaviorsworks by Boldero(1995)and Taylor

and Todd (1995) studied how people act in supporting pemvironmental behaviors.

Bol derodés research examined how recycling p
success rates during t hecompange$ 6Boldefoattemset ol |t ¢
identify the incentives and barriers to recycling prograssthey relate to the perceived
importance of environmental concerns. Conclusions a&f $hudy introduce the barrier to

what i's defi ned aa nomartifigamt ergoys rthe dame benefith asrae
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committed participant. This specific observation can be extended to solar energy as a
potential barrier of implementationThese studies, while not intended to support marketing
efforts, canprovide a bas framework forpredicting preenvironmental behaviorThe
measurementadc onsumer 0s wi | |bypagngaigher prices in sraeffartitof 1 ¢ e

protect the environment & interesting marketing factor

Firms within competitive markets seeking utilize environmental concern as a marketing
strategy need to identify how those concerns can be applied. As stated, many forms of
renewable energynd photovoltaic technologies prarticular all have a higher cost per unit

of generated electricityhan conventional generation methods. Several studies atttapt
measure consumé&8@ wi | | i n g nfergeen products aHpuston and-arhar(1996)
presened a variety of survey questiontbat attempt to determine how mudat a premium

price consurarswould 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. Timgnaks

to pay (WTP) however is greatly impacted by the number of alternatives a consumer may
have in a given market. Farhar and Hou8ten r e s e a r that manyduélity tmarkeis e d
do not have adequate competitiogsulting in the diminished likelh ood of havi ng &
alternative available to consumers. The results of the willingness tbneayof research

also reveah key potential outcome that should be considered by all renewable energy firms.
Research identified a gap between what feeepy and what they actually did in supporting
alternative energy programs that were environmentally supportive. Actual participation

levels of these green programs were often significantly Idkger the total number of those
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indicating support in favoof environmentally friendly electrical generation alternatives.
Houston and Farhar conclutlgéheir researchby suggestingthat each market requires

individual market area researbbfore implementing future green marketprggrams

A final study caducted by Hokby andoderqvist measured thedasticity of demand and
willingness to pay for environmental services in Sweden (2001). This study combined the
environmental curve oKuznetsbut addedhe viewpoint that environmental services may be
consideed 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 relatedqgbiat costs. fis research
showed that income levels and willingness to pay were positively correlatédkby and
Sodergvist also concludehat environmental improvements tended to benefit-ioesome
nations more so than rich nations. The resultsisfgtoup of behavioratudiesmayidentify
someadditional market factors relating countrys economicenvironment as it pertains to
support forphotovoltaic energy Nations with high per capitamcome orhigh levels of
education may bestronger candidate markets fphotowltaic technologieghan nations

without these attributes

Paradigm Shift: A Need for Cultural Commitment
If photovoltaic technologies amxpectedo continue beyond current niche market levels, a
major paraym shift will need to changleow people view purchasing electrical energy. The
potential migration away from conventionabskilfuel energy sources would represent
epochal changes to both global industrialization processes and the international energy

markets. Large centralized generation faciligesl grid distribution networksave molded
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nations of the world to expect comercial electricity to supply all commercial and residanti
market needs. To leave this combinationenfrenched expectations may require not just
technological breakthroughs, but cultural modificatiass well. Leading research in the
classification 6 the impacts of epochal innovation can be found in Sitkomnet® s b o o k ,
AModern Economic Growtho. The t e Kumneflie pochal
1966 when he described a fimajor addition to
a potatial 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
economi c (Kuzmnes1963r p247258) As the debate over future energy reforms
evolves and various alternative energy strategies are expleestership withinindustry,
academicand politicalinstitutionssuggesthat renewable energies must play an increasing
role in economic sustainability fall classifications of nationsSimilar to other preceding
technological innovations such as the introduction of the automobile or the personal
computer Kuznetssuggestshatthe adoption of the new technology will require institutional

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

in fossil fuel energy (Stobaugh, Yergin et.dl) leave these established energy souraes
massive reeducation process must take place to increase awareness of the potential benefits
of any new viable esrgy alternéive. Kuznetsitedan example of the steam engine and the

role it played regarding the issue of black slaves in the eousitates 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 slavegwseed in this capacity, and whetlter

was really necessary to tregome people in this mamme orde to provide services to
others. These discussions led epochal innovationsuch as the steam engitat supported
changes in both institutions and society well beyond the single issue of slavery and affected
the broad societal norms outside of the slavesoaniters 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 19/@hen photovoltaic technologies were first introduced, the
timing was just wrong, and thereésolar technology was not embraced. Change was not
possible at that particular time anith thatset of societal factors. It may also be suggested
that current energy dynamics and current tetdgies are different as a result of increased

concern forglobal warming.

Once a potential cultural change has been identified it is then in the hands of the irglividual
within a given market o det er mi ne how to proceed. The
Actionodo by (125)addresse©both the chalges of group behaviomd the

influence ofsupportinga public good. Olsorstated that the reasaan individual joins a

group or a movement is to further that individsapersonal gains by efforts of other
members in the group. If a group shares a combond, 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 groupfldett to his own, would rather

not pay individually for tk benefit provided by thgroup;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 gassesSolar energy reduces carbon dioxide, a major form of pollutioations with

substantial carbebased energy sources. The challenge for photovoltaics is that the air is a
common good and the adoptiondaye, two or even a hundred individuals will havemited

benefit on them as a group. The cleaner air asparbio d u c t of the groupc¢
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 groupalsdl likely have a

different value upon the collective gqoeksulting in varied levels and forms of support.
Currently, electric power generation can be classifigd norcollective good and isften

supplied or supported by the government. Partipais not compulsoryand the group

decides how it will behave in a given situation or environment. Currently, pollution is not
equally shared upon menrseof a nation. Olson concludédat a collective good will be
provided when t hgeod ¢ mgrowing faster tham Ithe eosttoi valee of the

good. Thered currently a disconnedh the impact that photovoltaic or other forms of
renewable energy will acally have upon a given nation becaube worlds weather

patterns are so integratedollBtiond o es not st onperamymora thanattdoeso n 6 s
at a pfopertynboundary. Today the collective good is not cost jedtdiccording to

Ol sonds motheeirndividua(or dirmk adoes not gain by participating directly in a

grop t hat adopts photovoltaics. The | evel of
must be significant to overcome theavel of benefit in relation to those providing benefit.

In addition, those with a higher degree of commitment run thkeofideing exploited by

those whahawe not contributed to providintipe 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. Ol s o nliesnaketiog ok phaotovoltaice bheeausemet nations  t
appear to be much closer to substantial levels of commitment to the colleabidetigm
other nations. Determiningow to identify what nations (markets) are committed to the
collective benefits of photovoltzs will be a major accomplishment for the manufactirin
firm(s) that isable toincorporate this information Competitive electric markets offering
electricitythatis producedy environmentally friendly generation methaasd marketed as
pro-environmetal have seen marginal successnarkets within the United States (Farhar &
Houston, 1999) While the development of green or peavironmentamarketing is clearly
group relatedand public benefit orientedsuccess ratelsave not been proven adequate in
many examples. Green marketing represaumplications toconventional marketing
strategiesbecausethe 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) presgnésearchthat identified the
initial cost of the equipment as tpemary barrier to thgrowth photovoltais in the United
States This paper reviewethe progress of the industry from a variety of external factors
such as the deregulation of both the electrical and natural gas industtjeaprogress in
the redudbn of production costs for photovoltaic equipment. Tgeneralimpact for
consumers has been pos because cosper kilowatt of electricity produced by

photovoltaic technologhasconsistently fallenbenefiting both commercial and residential
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markes around the world Additional factors that have benefitted solar energy areerns

for the environment, regional and national energy policaas] monopolistic control
strudures of certain energy markets The general conclusionef McVeigh, Burtaw,
Dadmstate and Palmeis that reewable energies have not failéed become a viable
consumealternative however they have failed to meet projection in terms of overall energy
contribution levels. These conclusions were also offered in researRob®st L Bradley
(1998 in his book titled Not Cheap andNot Green Bradley presents a variety of
obsenations ranging from raw material cost increases to the impacts of subsidjeshiat
combined, reduce the actual realized benefits of some formserewabe energy
alternatives Bradley concludes that the combination of these negative factors oftenmesult
many forms of green energy are actually canpetitivewhen compared with conventional,
commercial energy sourcesMany modernphotovoltaicmarketirg strategies do not focus
on the cost of the equipment ahe benefit ofoverall 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 orbemxefits are difficult to
incorporate into an actual end user rate per ugititomobile companies like Toyota or
Honda manufacture automobiles that focus on the total cost of ownesstdgrovide
savings as a result of greater fuel economy or reduseairrand insurance costd hese
companies present a cumulative ownership experiencestless expensive wheaill factors

are considered andompared to their competitionRenewable engy companiescannot
make those claims becausemethe benefitpresented by these firms are intangible or are
considered a collectivpublic good The costf the equipmentemaintangible individual

considerationsand as noted are often more expensive than conventional energy alternatives
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When a consumer evaluatemnewable 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 offergrgen productsieed to expand consumer
understandigs of these considerations as part of an educational proretterminethe

value of their products and service§Vhile installed capacity of photovoltaics hgown
substantially costs have remained high compardd conventional eledtity primarily
because there %0 initial investment by consumer focommercial power. Bradlef1998)
suggestdthat it is difficult to separate thetal costto producerom thepotential benefibf

green energy produon becausethe comparison is not really compey two similar
alternatives Bradley concludes that renewable energy technologies are also dependent upon
conventional fuels and petroleum products to prodsaggesting that green energy is not
green at all. The amount of petroleum products used he full production cycle of a
renewabl e energy product I's considerabl e al
benefit proposed by the manufacturers in this market.

Of all the potential benefits of photovoltaics, reduction of pollution is by farntbet
prominent of the potentiabdvantagesover carbon based fuels. Pollutios & result of
industrialized processesTheharvesting of a given raw materialil, coal, natural gas) used

for electricity production by some mechanical process, has bealyzau 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 fuslsch as coal, oil and natural gas. Primary forms

of electrical generation include nuclear power, hydidgle 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 thinternational demand for cog@0% in the United Stateand other primary

forms of enegy such as oil and natural gas thate been sl for decades around the world

for electrical generatioQNTO Council in Trade 1998) are all secondary forms of generation
Pollution, a birproduct of secondary electrical generatibas 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. Hcsly, 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 @9Q8&r

offered a unique perspective on how maiypes of biproducts of energy that were
previously mly seen as an overhead expemsay now become a potential competitive
advantage to a firm if the proper perspectives are applied. Michael Porter offers the
resourceproductivity model as a second pati@l viewpoint that can be adapted to the issue

of renewable energy. Porterframed s posi tion in a paper nGr eece
the Stal emat ed b mareasindyrele af ensirorimsnsakregulatory peic

and their &ects upm global competition. He statetthat current environmental policies

erode competition and stifle innovatioleadingto harsher regulatory actisrbeause the
problem is nevefully resolved; it is just identified and thgrenalized by wayf fines or

taxatin. Current resolutions to pollution are addressed either by preventative measures or
clean up costsEach of these alternatives is an overhead cost with no tadeaandfirms

are forced to grudgingly comply. deessatyer 0 s
conclusion to this process, and that properly designed environmental standards can trigger

innovations and lower thaeroductioncost of a produaivhile also creating value.
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| f Porter 6s ar rgvisedaayulatiorsisouldeakotv eampamil tpexperiment

more with key factorsuch as energy costs. This resource productivity model potentially
could establish a new realm of competitive advantage to assist comfmab&=one more
competitive. Acording to Porterpollutioni s s i mp | in the product| dasign or
product i offortep p.865)earsdefiortsto address this flaw can lead itsmovation

and even competitive advantage. Pollution prevention has proven to be more cost effective
than pollutioncleanup However the changen the mindset of international firms has seen
inconsistent rates of adoption. In the papeorter detailedhe Dutch floral industry and

Dow Chemicalwhere the root problems were related to better resource productivity research
rather than simply resahg a problem without addrsing the cause. Porter suggedteat a

variety of potential benefits ranging from reduction of materials, conversion of previous
wastes to other valuable forms, lower energy consumypsiwh reduced handling costs have
been ealized by firms who change their thinking as to how to approach the praflem
pollution. Porter concluded with the case@érmany 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 taddress the new standards. As a réSaliman producthadfar less packaging

thus reducing end use pollution and packing matedstfor the firm. Byviewing pollution

from the perspective of the life span of the prida series of innovations weceeated

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

pollution.
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Pollutionis an issue forhte nation and nqtst the firm. e firm is merely the stewaaf the

product and procesepresenting 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 t¢dixes andees. These costs are bornedlly including the firm;
therefore, all the costs weractored into the financial assessmegft the innovative
proceses Porter concludewi t h a key statement: AWe are
industrial history in which companies are still inexperienced in handling environmental

i ssues dRomeap362) el y o

Customers, too, are not fully aware how resource issues affect pollution and ultimately
consumer costs. Energy is a central and often gignif cost to any firm or institution. If
energy can be viewed from the perspective of a total cost of utilization, thereselgy

takes a significant &l forward in terms of total cost of ownership. Other industries have
been able to accomplish thesxamples include the German and Japanese auto manufacturers
Germany and Japatarted to produce lightemore fuel efficient car as a result dfghtened

fuel consumption standards. The US manufacturers initially fought the standards only to
later acept them but at the cost ofslag first mover advantages. The world economy is in
transition between competition and the environment. Historically, the lowest cost per unit of
labor, capitalor natural resources reinforced the comparative advantageeh utilized by
many multinational firms. Globaation is making competitiv@dvantage obsolete as
products can be sourced from almost anywhere in the world. Industries that respond to
environmental problems have an opportunity to innovate andytlez to a competitive

advantage.
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Historically, pover that ould be classified asemvio n ment al | 'y f waseseed | vy or
as commanding a premium price and was reduced to only a small niche player in the broader
energy mar ket s. owa3 tefined bfi affluenty leighlyneducted tcustomers

with environmental convictions that distorted conventional energy market strategies that
were often technologically baseay, 2005), (Bird, Wustenhagen, Aabakken, 200Rhe
willingness ntoo pgswppcrtts fogr éeo purchase renew
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 elec

reform and demgulation werebeing sought, results showed that 70% of their customers
would be willing to pay a premium of some degree for a renewable energy alternative. The
researctd evel oped a fAwi |l | i nghatecansbe dppliedfoaothér marketd e x  (
condtions and market estimation modékarhar andHuston 1996) WTP, combined with

other environmental marketing tools such as regulatory policies intendedterctpthe
environment, wer&ariables used in the research as a means to determine if greeg prici
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 reformand subsequently new competition. The imghess 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, tde considered an investmentthre community @iering longterm benefits.
Purchasing PV equipment was then positioned more as an investment, thathex
substitution of a conventional fuelThe premium price was then more tolerable to the market

participants. The WTP index also offers a keyeobation that separates the buying
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decision of renewable energy equipment in general when compared to purchasing
conventional energy. Renewabl e-fremhcestsgoy i nv
those who investwith the longterm benefit of orgoing 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 iterature focuses on the role of governmental policies that support both
existing energy producers and alternative energy producers. As financial incentives to
promote photovoltaic technolgginstallations were developedhe process of switching
becomes @&alue assessment process that is different for each country and even each potential
client considering PV technolod$ptarrs 2004, Ingersoll, Gallagh@nd Vysatove2005) A
variety of funding alternatives have been used to stimulate growth in the phaiov
industry for both orgrid and offgrid 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 tocaethe high initial
investment inphotovoltaicsystems. Rebates anéien structured differently for residential
and commercial applicationsffering different payouts. A key challengeup-front rebate
is that thethere is no guarantee that the eguemtwill ever generate electricity becsathe
incentiveis not tied to electrical outputf the equipment purchasedrhis strategy lacked
commitment on the part of the landowme&causence the incentive wagceivedthere was
no guarantee that the egment 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 thargity 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 orine.

Starss suggestech productioAbased incentivesystem such as the feedtariff structure
established in Germany, which sharoven to be more effective. This form of incentive
compensates the location owner but also effectively shifts the demarcation point back
towards the customer premise equipmend away from the centralized utility. Bhi
approachincreass ownership rewardsnd 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 toetloverall 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 quate such as MfAenergy independenceo
c 0 st s ons of de@elopad nations have long forgotten what it is like to be sélfienf

when it comes to energgxpecting the ecomoy to provide adequate supply electricity

like any other public service. The marketing of a product that requires partinipatio
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 firmsecause traditional approaches reguéss work

from the home or business owner, not more work
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The design of the delivery systems for electriatyd theconsumeis perception otheir
relationship wih an electricity supplier werthe fog of research done by Lund and Munste
(2004) This research shaa that nations that have functioning, distributed electrical grid
systems are well suited for photovoltaic systems to Hee#t excess power that can be
utilized by commercial providers. Supplemental power provided by hundredsusatits

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 stablehed in all the major
markets forphotovoltais around the world However, he nation of Denmark saw a different
benefit of a grid delivery system for electricity. The increased potential flexibility of a grid
system could invite regionalleetricity producers to reverdeed 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 carceaumulate to become significant contributrand, 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 not&ktmark

has one of the worl dés most Kk aecragire$.4685per ¢c o mme
kWh when converted to US dollars and adjustedpiaichasing power parity (PPRIEA

Annual Report 2006).Solar energy is best used during rdigy when the suis 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 sihygply curve offered by

photovoltaics allowing solar energy tprovide a potentially key strategic growth path for
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any commercial electrical generation facilitytloday 83.2%. (PV News Vol. 25,March
2006) of the worlds installed capacity of grited photovoltaics are in three countries,
Japan, Germany and the United State€ach of these three key markets currently offers
financial incentives to support the growth of photovoltaic systesna #rm of market

stimulation

Price of Electricity
A final aspect of théiterature review focuses on the element of ppee 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 aveleld kilowatt of
electricity. Thefield of literatureanalyzingthe cost of photovoltaics in comparison to utiity
supplied electricity or as a cost per uisitlimited, with only a few regional studiesThe
pricevolume relationship was the topic ofesearch papefindustry Development Strategy
for the PV Sectar presented by Eric Ingersoll, Daniel Gallagher and Romana Msgato
(1996) Theyarguel that the price per installed watt generated needs to approach $1.00 to
become a viable alternatite commercial energy alternatives framstrictly pricing basis.
Ingersoll, Gallagher and Vysata also classify photovoltaics as a disruptive technology and
di scuss how photovoltaics suffer from the
Ingersoll, Gallagher and Vysat@ argue that photovoltaic technologies will not make a
significant impact upon global carbon emissions twatidemand for PV technologiesll be
limited until the next century They position PV technology at such a price disadagatto
conventional power that the green markkine will ensurandusty viability. The paper

suggestedhat a marketbased strategy and not a financial incentives strategy is needed to
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grow the photovoltaics market. By identifying and focusing oniBpepplications in both
grid-tied and offgrid applications, photovoltaics will develop by traditional mathated
processes rather than the artificial stimulus of financial incentiMeis. research suggests
thatthe challengesf the photovoltaic indstry arepurely based orprice per kilowatt Once
the price per gemated kilowatt approaches $1,@V will be competitive enough to displace

conventional generation methods.

The National Renewable Energy Laboratory in Boulder Colorado has alsdiedef#ctors

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

a 2006 report, AThe Framework for Evalwuati ng
T e c hn o) (20§6) Reters identifies how many valuatiorcheiquesmay fail to fully

cafdure the value of clean energy alternativé®tes argue that simple financial decision

criteria thatfail to include longterm benefits are inadequate to assess renewable energy
technologies. He descrid@ broader perspéwe he presenteth afit ot a | value pro
model Using thisperspectie, Peters suggesthatincluding allthe benefitof solar energy
significantly increases the competitive viability of photovoltaic technologyhile these

benefits can bgroyoed in different general categories t he benef i t sendto t he
limited to financial valuations, but extend to social and environmental beneffitters

model can be incorporated intaluation process and theframeworls of marketing

stratgies. However, the conventional benefitost analysis used in evaluatingarketing

campaigns may struggle to identify the complexities of this extende@ model put forth

by Petes and the National Renewable Energy Laboratories.
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Summary
The topic @ solar enegy represents a dynamic setpoftential 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 standardizedigeplidonnectia system
prevalentin many nations of the world. It is suggested tat@voltaic energyequires a
wider evaluatiorcriteriathanperkilowatt costs alone Scholars have identified independent
investmentspects of solar energy but few have attemfue@ key potential market factors
into a broad international analysis. Cultural, economic and polatancesre currently
proceeding at individual rates in each of the nations examined in this Sthidyrepresente
a fascinating contradiction bausefew products are as well suiteethnicallyfor globd
implementatiorasphotovoltac moduledue to their relative uniformity in desighhis
research develops a matapproach to evaluatearket potential for each nation based upon
three identifiel 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 publefiteor prvate
benefits when marketing solar energy prodttisicrease market shar&hould firms

position thisas asocial issue oasa simple economic consideration?
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CHAPTER 3: METHODOOGY

This research examinedtotal of twenty nine differerountries over a span of thirteen

years, from 1992 to 2005 inclugly. Nations were divided by the classificatguidelines of

the World Bank in termef economic productiomto categories of developed nations, newly
industrialized nations and emergimgirkets. 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 manufacture(See Appendix A: Table 14uch as BP, Kyocer&harp
andSchott arein the difficult position of competing in highly varied markatsund the
world, often against other fuel types that have signifiga@ttrenchednfrastructure and
facilities. These entrenched energy firms logically havegitermrelationsips withtheir
marketsn developedountries, establishing a confidenttle service and brantey
represent. In the major PV markets arotimel world, no manufactura@pproachethe levels
of market penetration @ntrencheenergy providersThis doservation is considered
significant for this researdbecause it is important to identiiyhat market factqgror factors,
will be successful as a market stimuliergyconsumers investigating renewable energy
alternatives such as photovoltaics willdmnsidering a significant shift in their individual
level of participationna gi ven | ocati onds ed eartyadoptecsal supp
may useone set oflecision criteria where second geateon consumers may appiyore
pragmatic decision crite. 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 marketsr photovoltaic equipment, installation levels of Bystems are
most fragmented in the United Statetereeach state offers differeabmbinatiors of
incentives, ranginfrom personal income taeductions, corporate tax reductipsales tax
exemption, property tax redums, rebates, grants, loanspooduction incentivesEach of
these alternative financial incentivesnpotentiallyaffect the installed cost per module by as
much as 50%wvithin that given state These incentives do not include the flat 30% national
renewable energy tax credit thatcurrently capped at 30% or $2,000 for residential and a
flat, un-capped 30% for most commercial installatiol¥ithin the United States, federal and
regional incentives can be combined to provide aggregate financial incentives in many
markets. To dak, states with more generouentive optionssuch as California and New
Jerseyhavesignificartly higherinstalled PV capacity when compared to states with no

incentive§NREL 2006)

Presentlymost developedountries access electricity by meanslafge grid systems where

the sourcing of electricity can vary by generation methOien, each country incorporates
blend of nuclear, hydragpver, natural gas and petroletrased fuel$o supply necessary
electrical demandsThe convenience of usinggad system tied into regi@l generation
capabilities hasemoved 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 customever consider what it takes to generate enough
electricity to supply a given location to the expectations of a modern electric consumer. It is
these expeations of end users thate a major hurdle for multinational firms producing PV

technologies. Theajree of ownership and necessary involvement levels are significantly
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different than with commercialectric utilities. Large, gridbased distribution systems have
been developing for the last one hundred years and are fully integrated into the ecohomies
all developed nationsThis 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 othferms of renewable energy, is predicated upon the end
user takiig a moralirect rolein the production of a locatiebased energy source. From
design to monitoring, most PV <oneehtienmls ar e no
electricityutility connection. To increase market share of PV systems, multinational firms
must fcilitate a paradigm shift in whigdnd users assume some degree of energy
independencand awarenessThe variety ofpotentialmotivations tdeave an established
utility may range from volatility olutility pricing, reliability of servicegnvironmental
consciousnessecurity concern®r independence from a Idaaonopolistic utility. Al

major powercompanieith their integrated delivery systems have had, at some point, a
disruption to their end users to some degtledhe United States, California has experienced
rolling brown-out or blaclkuts that unexpectedly disrupt power to both commercial and
residential areaddultinational firms that produce PV products and systenust develop a
method of educating prospective end usleas will overcome the perceived risk of leaving
these establishezlectrical utiliies The migration path for a potential customer, either
residential or commercial, is a critical consideratbthe multinational manufacturers of PV

systems if deeper market penetrations are to be experienced.
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The combinatiomesult of varied market conditions, delivery methods, role of government
and the other variables discussed lead to the following quedtdow can multinational
manufacturers gbhotovoltaic equipment achievgherlevels of adoptioror their
technologie® This research intends to determine what marketing stratejiesawimizing
growthof photovoltaic capagitin threecurrent markeenvironmentsn developednewly

industrialized and developingations.

Hypothesis Statements

The first group of hypothesekak with the issue of pricef utility provided electricityas a
potential factor of adoption for photovoltaic technologies.

Predicted Results: Price of Commercial Electricity

Nations that havédigher priced utility supplied electricityare more receptiveto adopting
alternative electrical generatingchnologies such as photovoltaics as measured by installed
capacity as measuten totalkilowatts of photovoltaics(Refer to Table 1.)

+  Positive effect predicted mérereceptiveto PV as an alternative)

- Negative effect predicted (less receptvd®V as an alternative)

0  No effect predicted

Table 1: Predted results of price as a factor of installed capacity of photovoltaics

Developed Newly Industrialized | Developing
Industrial Nations | Nations Nations
High Price of utility + + +

supplied electricity

Low Price of utility
supplied electricity
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Hia. Developed industrialized nationgth high prices of utility provided electricity are
morereceptiveto the adopting photovoltaic technologies than nations with low prices of
utility supplied electricity.

Hoa: Developed industrialized natisrwith high prices of utility supplied electricity have

similar adoption rates as all other developed nations

Hip: Newly industrialized nationwith high prices of utility provided electricity amore
receptiveto the adopting photovolita technologies than nations with low prices of utility
supplied electricity.

Ho : Newly industrialized nations with high prices of utility supplied electricity have

similar adoption rates as all other newly industrialized nations

Hic: Developingindustrialized nationsvith high prices of utility provided electricity are
more receptiveo the adopting photovoltaic technologies than nations with low prices of
utility supplied electricity.

Hoc : Developing industrialized nations with high pricaisutility supplied electricity

have similar adoption rates as all other developing nations

The second groupf hypotheses deslith the potential market factor of carbon dioxide as a
proxy for pollution of a given nation. It is hypothesized that matiavith 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 renewablergigs, then marketing campaigns
can tailor their communications accordingly.

Predicted Results: Carbon Dioxide Emissions

Nations that have highevels of carbon dioxide emissions (CO2) perpita are more
receptive to adoptingnew technologies such as @iovoltaics as measured by installed
kilowatts of capacity within a given nation(Refer to Table 2)

+  Positive effect predicted mére receptivéo PV as an alternative)

- Negative effect predicted (less receptwd®V as an alternative)

0  No effect predicted

Table 2: Predicted results of CO2 as a factor of installed capacity of photovoltaics

Developed Newly Industrialized Developing
Industrial Nations Nations Nations
High levels of + + -

CcO
2

Low levels of - - .
002

H.a: Developednationswith high levels of carbon dioxide araore receptivedo the
adopting photovoltaic technologies than nations withlewels of CQ .

H.,: Developednations with high levels of carbon dioxide have similar adoptitesra
as all other developing natians

Hop : Newly nationswith high levels of carbon dioxide amaore receptivao the

adopting photovoltaic technologies than nations withllwels of CQ
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Ho : Newly industrialized nations witthigh levels of carbordioxide have similar
adoption rates as all other developing nations

Hsa: Developing nationsvith high levels of carbon dioxide amore receptiveo the
adopting photovoltaic technologies than nations withlewels of CQ.

H2o: Developing nationsvith high levels of carbon dioxid&ave similar adoption rates

as all other developing natians

The third groupof hypotheses foceson the role bfinancial incentivesn the purchase of
photovoltaic equipment. Around the warlthere are a variety ofinancial incentives
including rebates, feedh-tariffs or other monetary programsathare designed to diminish

the intial investmentin equipmentor provide a supplemental income stream based upon
electricity generated in a grited system.A feedin 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 tariffs are most common in Germany and have been
identified as providing benefits that gng@romote 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 $tases.
group of hypothesewas introduced as a dichotomous variable allowing a geneyaping

of all the variations fofinancial incentives into a simple determinatfoneachgiven nation.
Either a country offers incentives or they do not and level or type is not considiesaduld

be noted that not all nations offer incentives that qualified for this study andghatl forms

of incentives were present during all years of the sample.
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The hypothese®r financial incentivesre as follows:

Predicted Results: Governmentd Incentives for Environmental Protection

Nations with financial incentives dr environmental investment amaore receptive to
adopting otovoltaicsechnologiesas measured by installed kilowatts.

+ Positive effect predicted (more receptiod?V as an alternative)

- Negative effect predictedle§s receptivéo PV as an alternative)

0 Varied effect predicted

Table 3: Predicted results of incentives as a factor of installed capacity of photovoltaics

Developed Newly Developing
Industrial Industrialized Nations
Nations (A) Nations (B) (A)
Presence of + + +
financial
incentives.
No financial 0 _ _
incentives.

Hsa: Developed nationwith any form of financial incentives araore receptiveo the

adopting photovotic technologies than nations without government financial incentives.

Hs, : Developed nations with financial incentives have similar adoption rates of

photovoltaic techologies as all other developed nations

59|Page



Hsp : Newly industrialized nationsvith any form of financial incentives arenore
receptiveto the adopting photovoltaic technologies than nations without government
financial incentives.

Hs, : Newly industrialized nations witfinancial incentivedhave similar adption rates

as all other newly indstrializednations

Hs.: Developing nationsvith any form of financial incentives araore receptiveo the
adopting photovoltaic technologies than nations without government financial incentives.
Hso : Developing nations with financial incentivésie similar adoption rates as all

other developing nations

Methodology

A set of mixed ANOVA model were used for this researchhiest measure each proposed
dependent variable (price, CO2 and financial incentives) separately.

Hypothesis H1 (Pricaepregnting hypotheses-3, hada 2 x 3mixed ANOVA with the first
factor (between subjects), price of electricity having 2 levels. The second {aetoveen
subjects), nation type, having 3 levels, and the third factor (withijesis). For H2 (CO2
levelg, 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) a3 matrix ANOVA was used with the first factor (between
subjects), financial incentivebad two levels while the second factor timétliin subjects)

had two levels
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CHAPTER 4: RESEARCHNDINGS

As stated, the primary objective of this research was to investigatelationship among

utility -supplied eletricity prices, levels of carbon emissions as a proxy for environmental

concerns, government financial incentives, and the dependent variable, installed

photovoltaic capacity in the selected list of countries. To this end, a repeesstires

analysisof 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 stratepmentiallyincreasinghe impact and

effectiveness of varied marketing media. In the following section, the descriptive statistics of

the studydés variabl es aesuts visrvis thehypotieesesvil Fol | ow

be discussed.

Descriptive Statistics

A desciption of the stdy sample is provided in Tableb¢low. Note that a majority
of the countries in the sample were developed nations (55%) while a minority was
developing countries (17%). Measurable instgtiledtovoltaiccapacity for many newly
industridized 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 ecocritexiz.
The three levels of natisrare 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 Perceatage

Categories of Countries

Developed 16 55.17

Newly Industrialized 8 27.59

Developing 5 17.24
Electricity Price

Low 12 41.38

High 16 55.17

Missing 1 3.44
Level CO2 Emissions

Low 14 48.28

High 15 51.72

The m& n standard deviation, and skewness f

installed photovoltaicapacity, is presented in Table $he measures were higltdigewed;

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 29 0to 115 5.95 21.825
1996 29 -12 to 110 5.99 21.112
1997 29 0 to 66 6.10 16.392
1998 29 -12t0 172 10.73 34.469
1999 29 0to 189 12.74 36.996
2000 29 0 to 207 18.37 46.079
2001 29 -6 to 117 14.00 30.073
2002 29 Oto 161 20.44 43.771
2003 29 -8 to 512 49.53 137.276
2004 29 0to 578 48.34 148.338

Upon completion of the square root transformation, skewness improved by a point or
two (skewness values of the transformed ahles ranged from 1 to 3jje transformed

variables were used in all succeeding analyses.

Table 6describes the ten year period and the range of fundamental statistical results for each
periodas it pertains to pricef commercial electricity and the changes in installed

photovoltaic capacity when segregated by nation.tyfgedate, 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 A-1C

The following sections summaritiee 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 coormercially, available electricitin relation to the changesf 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 phatovol
technologies, regardless of nation typges can be gleaned from Tablesb46 and 7 this
hypothesis was not confirmed. The main effect for electricity price was not statistically
significant (F = .080, p = .288yhen analyzed by groups of natiamslevel or price (high or
low). First, on average, the increasfephotovoltaiccapacityin developing nationg/as

about the same as the increagphotovoltaiccapacityin both newlyindustrialized countries
and developed countries (F = 1.193, p =8)28n addition, there was no significant
difference in photovoltaic capacibetween developed countries and neimlyustrialized

countries (F = .075, p = .786).
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Table 6

Photovoltaic Installed Capacity as a Function of Nation Type
and Electricity Prices

Time Period
(Year)

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

Low Prices High Prices
Developed NIC Developing Developed NIC Developing

N=6 N=3 N=4 N =10 N=5 N=1
2.02 2.49 .00 3.68 23.26 .00
4.95 4.32 .00 9.44 51.29

1.03 6.12 .00 3.86 22.10 .00
8.37 10.60 .00 8.00 49.14

12.00 6.04 .03 1.55 14.26 .00
24.00 10.46 .05 3.73 29.01

3.06 6.57 .00 9.59 35.46 .00
14.20 11.39 .00 22.67 76.36

10.22 7.56 .05 9.27 38.49 .00
21.25 13.09 .10 18.02 84.32

17.66 8.95 .00 18.91 42.17 .00
32.00 15.51 .00 40.88 92.22

21.89 12.09 .00 22.(8 3.53 .00
47.60 20.94 .00 34.04 5.60

25.28 11.52 .01 34.37 12.56 .00
59.03 19.95 .02 56.11 24.40

85.33 10.67 .30 81.82 14.57 .00
206.10 18.48 .60 173.08 31.95

7.00 14.52 .48 72.95 116.96 .00
17.15 25.15 .56 180.55 257.50

Units: Ingalled Photovoltai€apacity in Mw.
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Table 7
ANOVA Results for PV Installed Capaty as a Function of Nation Type and Electricity

Prices

Variable SS df MS F Sig.

Between Groups

Electricity 10.405 1 10.405 .080 .780
DING vs. D, NIC (N1) 155.163 1 155.163 1.193 .288
D vs. NIC (N2) 9.751 1 9.751 .075 .786
E x N1 5.462 1 5.462 .042 .839
E x N2 3.77 1 3.77 .029 .866
Error 2471.167 19 130.061
Within Groups

Linear trend 43.133 1 43.133 1.847 .190
E x linear trend 4.063 1 4.063 174 .681
N1 x linear trend 12.657 1 12.657 .542 470
N2 x linear trend 27.954 1 27.954 1.197 .288
E x linear x N1 2.662 1 2.662 114 .739
E x linear x N2 11.653 1 11.653 499 .488
Error 420.354 18 23.353

Exceptions to these conclusions were discovered however amaysis was performed
removing price levels (high and low) but retaining nation classification to determine the
predictive accuracy of the linear equations. Results of this analyklsdi@eresting
exceptions to the analysis of variaqmrecedure It is concluded thagprice of commercial
electricity is a factor in the increased adoption of photovoltaien level of price is
removed and all nations grouped by nation classificatidy. These results conclude that
price of commercial utility electricity is a significant factorherefore priceshould be
included in future marketing strategies of solar equipment prodsci®ll as the assessment

of future potential market evaluan techniques
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Table 8

Nation Classification: Price of Commercial Electricity

Developed

Newly Industrialized

Developing

Price of Com

Electricity in

mercial
R? = .881
US$

R? = .240

R? = .899

Dependent Variable: Totatstalled Photovoltaic Capagiin Mw.

Regression results conclude that price is a market factor in both dev@tgeahd

developing nationéH;c) but not so in newly industrialized nationBredicted results stated

thatall nations with high priced utility supplied electricityould be less resistant to adopting

photovoltaic technologies. It is unclear as to why newly industrialized nations did not

demonstrate predicted resulibere both developed and developing nations did perform as

predicted It is also unclear as to whygeession results would vary from analysis of

variance results so significantly for this independent variable.

250.0

200.0

150.0

100.0

Mean Installed PV Capacity

50.0

0.0

S0.09

Developed: Mean Installed PV Capacity f(Price)
w=06816.x-751.1
R?=0.881
>
+*
e
L 4
<>
<
oo o+ ?
S0.11 S0.13 50.15 S0.17
Price Per Kilowatt US $

Figure2: Developed nations mean installed photovoltaic capacity as a function of price
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Newly Industrialized: Mean PV
Installed Capacity f(Price)

14.000 y=-61.39x+ 14.16
12.000 r/‘ RZ=0.240
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6.000
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—&—NIC PV Capacity
f(Price)

Mean Installed PV Capacity

Price per Kilowatt US $

Figure3: Newly industrialized nations mean intd photovoltaic capacity as a function of

price
Developing Nation: Mean PV
Installed Capacity f(Price) |, _35:3 0122
0.2 R? = 0.899
8 015 *®
8
Z 0.1
@ T # Developing PV Capacity
E 0.05 f{Price)
I o
= 0.02 0.04 0.06 0.08
-0.05
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Figure4: 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 resslSecondary 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

naton. 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.

Table9: Country Capacity Comparisddeveloped Nations

Country R? 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

.089 1.42
Kingdom
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 photovoltaicapacity. 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 46

The following sections summaritiee results and analysis tiet 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 oinstalled capacity within a the teggories of nationslt 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 iffablesll1 and 12this 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 High
(N =14) (N =15)

1995

Mean 10.44 1.77

SD 31.13 3.71
1996

Mean 9.60 2.61

SD 29.59 7.27
1997

Mean 5.27 6.89

SD 17.54 15.83
1998

Mean 17.80 4.14

SD 48.33 10.54
1999

Mean 17.87 7.94

SD 51.04 16.36
2000

Mean 25.76 11.47

SD 62.77 21.96
2001

Mean 8.25 19.37

SD 22.75 35.56
2002

Mean 14.14 26.31

SD 31.93 52.99
2003

Mean 26.36 71.15

SD 73.35 177.92
2004

Mean 49.76 47.01

SD 154.68 147.60
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Table 12

ANOVA Results for PV Installed Capaciigs a Function of Level bCarbon Dioxide

Emissions
Variable SS df MS F Sig.
Between Groups
CcOo2 12.096 1 12.096 101 .753
Error 2750.111 23 119.570
Within Groups
Linear trend 145.601 1 145.601 6.352 .019
CO2 x linear trend 18.200 1 18.2M .794 .382
Error 504.284 22 22.922

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 classificagimupwas statistically

significantas the result of this analysis. These resdtlude that concerrior pollution as

represented by proxy of leigeof 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 Indudrialized

Developing

Tones of Carbon
R? = .331
Dioxide Per Capita

R? =.023

R? = .052

e Dependent Variable: Total Installed Photovoltaic Capacity in Mw
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A limited number ofndividual nations were removed from the categories of developed,
newly industialized and developing nations and individually analyzed to see if country
results were similar. thvidual country regression analysis waerformed to provide

additional clarity of analysiand to attempt ta@entify any exceptionsation group

conclusbns Regression results identify that some nations, Austfia8@R) and Australia
(R?.810) did have high correlation in the direction in opposition to the overall trend. Hence,
there are exceptions that support the conclusion of a-daitiestic apprach. Other

developed nations such as German¥y.@3)and the United States {R60) 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 @usitias 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 literatureDuring the 1997 negotiationd the Kyoto Tredy, levels of carbon
dioxidewere positioned globallgs ameasurement of theverall environmental healif the
plantwhen comparing nations. Carbon dioxide levels are a major greenhouse gas
contributing factorthereforemonitoring theevels 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 andphadoicts of

conventional industrial energy generatiochieologies. 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 photovoltai€esults of this research conclude that
consumers do not appearbe 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 desca®denefibf 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 mosetbkarible 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 installedpscity as a function of carbon dioxide

Developed: Mean PV Installed Mw Capacity as

5.0000 7.0000 9.0000 11.0000 13.0000 15.0000

y=116.1x- 1172.
Z 2000 R?=0.331
o
S 150.0 ? 3
§;
> 100.0 4
& *
E 50.0 ¢ Developed PV+DevinstallCap
g 0.0 ‘( f(Co2)
c
[1+]
]
2

Tons CO2 Per Capita

74|Page



Figure 8 Newly industrialized nationsstalled capacity as a function of carbon dioxide
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Figure 9 Developing nations installed capacity as a function of carbon dioxide
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Hypotheses 79

The following secton summarizes theesults and analysis of the study as it relates to the

research proposition in Chapteadd the potential role of financial incentives

It was hypothesized that, in comparison to nationshthe¢governmental financial
incentives forenvironmental protection, those nations that do not have governmental
financial incentives will be more resistant to adopting photovoltaic technolsggan be
gleaned from Tables 1&hd 4, this hypothesis was supported. In particular, there was a
significant interaction effect between the linear trend and governardintancialincentives
(F =4.826, p = .038). Thus, photovoltaic growth increased across time and this linear trend
was moderated by gevnment incentivesNation type is also significams none of the
nations in the sample classification developing nations offered government or financial
incentives As Figure 10llustrates, there waanincreag in photovoltaiccapacityin
developedations whose governments provided financial incestivi here was no growth
(i.e., no linear trend) imcreaseghotovoltaiccapacityin nations whose governments did
not provide financial incentivg§igure 12) This is a critical finding to support the claim
that financial incentives are a necessampgonentin thedevelopmenof thesolar energy
industry. Financial incentives®enefit the industryyprovidingfinancial assistance to
overcomehesignificant initial investments thereformgcreasing the number ofstallations

within that country When financialincentives are offeredhé 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 Nations With

No Finarcial Financial
Incentives Incentives
(N =16) (N=13)
1995
Mean 7.72 3.78
SD 28.67 8.65
1996
Mean 8.31 3.13
SD 27.51 8.84
1997
Mean 5.59 6.74
SD 16.76 16.59
1998
Mean 12.30 8.80
SD 42.88 21.60
1999
Mean 13.58 11.70
SD 47.20 20.17
2000
Mean 15.69 21.67
SD 51.49 40..24
2001
Mean 3.23 27.26
SD 9.62 40.61
2002
Mean 7.69 36.13
SD 36.13 60.55
2003
Mean 6.14 102.93
SD 19.36 194.69
2004
Mean 40.14 158.43
SD 143.73 159.12
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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 166.167 1 166.167 1.472 .237
Error 2596.041 23 112.871
Within Groups
Linear trend 168.647 1 168.647 8.604 .007
FI x linear trend 94,594 1 94.594 4.826 .038
Error 431.222 22 19.601
Quadratic trad .095 1 .095 011 918
FI x quadratic trend 2.320 1 2.320 .270 .608
Error 189.024 22 8.592

Fl= Financial Incentives

While not measured in this studiycan be implied that ien a state or government provides

financial incentives, there is an implied stability to pfwtovoltaicindustry that can serve as

an additional benéfof providing legitimacy taolar energy as an alternative to commercial

electricity. Thismay also encouraghe growth ofcomplimentary products and service firms
providinginstallation, maitoring and educational capabilities. These complimentamsfir

increase competition and consumer choice within the indpstantiallyacceleratindoth

the awareness of the incentives and subsequently the technology itself. Iftinefagtle of

adoption of photovoltaics begins with financial incentjthgenmarketing strategies need to

emphasis this factor above all othetsen developing a marketing strategy. Manufacturing
firms in this sector must plant a fAgol den se

industry.
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Figurel0|
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Figurel2
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Case Studyl: Germanyand the United StatesCase Study Results

A survey was administered in a case study format to measdtses of installed
photovoltaic customensithin the two major markets of Germany and the United States
idenify actual purchasing criteria. Surveys were administered in Germany and the United
States @ gather data on thgerceivedenefitsof photovoltaics and how these consumers
valued the factors during individual decision proces3é® three key factorsf interest in

the survey weréhe sameas conducted in the twenty nine nation reseakdbasurements of
both qualitative andquantitativeresponsesvere applied to this case study approach to help
determine the causHdctors relatingo the varied rates growth in these key markets. Ten
survey questions werkeveloped to represent how the three identified factors influgheed

decision to switch away from centrally distributed utilitgsed electricity to a photovoltaic
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independent generation of elacitly alternative The survey wa completed by a total of

fifty onecustomers in these markets and the results were tabulated to identify priorities of
decision criteriaTheprocess of leaving establishedility -provideselectrical servicego

initiate locationbased renewablkenergy such as photovoltaics, includes multiple potential
influential factors The results of theusvey provide insight intaonsumebehaviorghatcan

be incorporated into subsequent marketing strategiplotovoltaic equiment.

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 dtdugenerate 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 cent 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. Aninstaller

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 dayto 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 34%
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%
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