Suntech Power (STP), First Solar (FSLR), SunPower (SPWRA)and Trina
Solar (TSL) in the Photo -Voltaic ( PV) Solar Industry

PV solar is a quickbhanging industry that is increasingly becoming competitive with traditional energies. As the

world becomesncreasingly aware of the impacts of human activities on the global climate, demand for alternative

energies from governments and individuals alikevill grow immensely. However, the industry landscape is

extremely dynamic and success of firms in specifit the industry as a whole will depend not only on developing
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acumen in navigating through an industry that is constantly in flux.

The holy grail bthe PV industry is grid paritymaking PV solar not only attractive as an ethical or environmental
proposition, but also as an investment. The firms that are best positioned to achieve that are those with superior
technology/manufacturingeconomies of sale, business acumen and ultimatelys#ategic intentt arguably the

most powerfulstrategic commitment to give everyone the focus and motivation to succdadhat light, the

four current players most likely to succeed at achieving grid parity and erglditat advantage are SPWRA (for its
superior technology), STP (for its scale and reach), TSL (for recognizing and exploiting opportunities), and FSLR (for

its desire to be the first to achieve global grid parity).

Threats and Opportunities: External Environment —Sx Segments

1. Poltical/Legat The success of the PV industry is highly dependent on favorable political anddedgions
(Exhibit 21.3)Currently, there are massive subsidies in place in various places like Germany, California and
China that make solar energy comptivaly affordable(Exhibit 1), that are implemented to help them achieve
their goals and commitments (Exhidi2 and 3 The failure of the Copenhagen summit in winter of 2009 and
the subsequent collapse of climate change (carbon credits/trading) legislationajoe setback$or the solar
industry to overcomeAdditionally, increasing pressure on government budgets, aapgin the weaker Euro
countries (like Spain) may induce them to cut their renewable energy subsidies, making solar less attractive
relative to traditional sources of energy (fossil fuels). It is uncertain whether enthusiasm for renewable energy
will resume with the resumption of world growttbespite the vocal call of the US President for the US to
become more competitive in renewable energiethe President is likely to find more suppersby framing
this as a source of highaying jobs it is uncertain wiether Congress will act on that call.

2. EconomicThe world is emerging from th8reat Recessigrpulled down by an anemic housing market and
sagging stock market that has drained household wealth signific&udlgr installations that would have been
financed by home equity loans (which were relatively inexpensive before the credit crisis) are likely gone. In its
place, many companies (such as FSLR) and regions (City of Berkeley) have stepped forward to offer financing,

which may help alleviate the drop the attractiveness (or viability) ¢dfome equity loans.



3. Sociccultural: Degite a stall in government support for renewable energy, there is a rising awareness of
climate and energylependence problems among peophdthough thedesire for action is damped
temporarily by the current recession, as the world resumes growth and recovers prosperity climate issues will
become a top agenda again. This may increase pressure on the politiciaatgrtoto the problem again.

4. TechnologicalThe technology foPVpower generation has existed since 1954 (Exhibit 12), but has been
prohibitively expensive until recently. In the past half century, the technology has improved remarkably to
help reduce the costs by a factor of 30, nearly on par with traditional sourfoisesgy in some regiongVith
the greater focus on climate and energy issues, governments, universities and firms are expected to pour
more money into research into this field, in order to achieve cost parity. For example, there have been efforts
to reduce the material costs, impve efficiency (Exhibits-@), and decrease manufacturing costs through new
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power generation has not changed, but the manufacturing technofoljave improved greatlyi.hrough
independent research and privaggublic partnerships, more advances in the technology are expected.

5. Demographic There is very little research on the link between various demographic groups and demand for
PV systens it is much more economic. However, it is possible that demand for residential PV systems is
highly dependent on those in the hormvners demographic grougherecentcollapse in the housing
market and home ownership may mean fewer homes to install PV sysiafpsople to demand them.

6. Globat In the past, much of the growth has been fueled by generous subsidies in European countries
(Germany and Spain primarily). However, as that generosity dries up, solar companies must look elsewhere for
opportunities. Solar ia highly global industry Chinese manufacturers lik&TRmanufacture the modules in
China and Arizona to sell to the US and Europe; and US manufacturérSliRend SPWRAanufacture in
SouthEast Asia (Malaysia and Phillipinasyi Germanyo sell to Cina and the GermanyBeing based in a
cheaplabor region is not enough to be competitiveevery competitor can take advantage of cheap labor
globally.Additionally, volatility in the Eumoor a general weakening caused by the weaker Euro nations like
Greece may adversely affect the industry that is heavily dependent on European customers. In many parts of
the world without access telectricitygrid, solar may be the solution (Exhibit 21.4nd conveniently, they
are in regions with higrevels of irradiancéindia, Africa, and central Asias the rest of the world demands
more electricity, solar haslarge potential market to reaahthe vast number of people who are not
connected tothe grid.Despite thegrowth in the industry, it still accounts for lessatiha percent of total

electricity use (CIA Factbook).

Favorable External Environment
Despite uncertain political will in the near term, a confluence of various external factush as technology
advancements, greater awareness and long term politiclt point to a favorable environment for green energy

in general, and PV solar in specific.
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Global PV Solar Industry

Market Definition (See exhibit 20)
There aregwo major segments that the PV solar industry sells to. They differ in performance requitemen

(horizontal and vertical differentiation), occasion of use, and geographic area.

1. Utilities SegmentiCentralized)FSLR & LJI NIi A O dzf Idwidstii nEacxitodiéd 2hih &ilm cells are very
well suited for this segmenESLRdvantage is difficult foanother firm to achieve because BSLR &
manufacturing and technology efficiencies has demonstrated experience in achieving the economies of
scale necessary to be successful in thisvigliame field. By introducing the ReliathdsTFhas staked a Hd
in the higherend utilities market which may be advantageous in regions where land is expensive like
California, in contrast t6SLRa& G F NASG 2F NX3IA2ya 6KSNB ftlyR Aa OKSI LJ
SYGNB Ayid2 C{][ vwent becadsa thayIA® tardeting differBnt ge&yraphic regions, this is not
multipoint competitiont STR& 3J21f o0& Sy GdSNAy3I (FSAEomVnddNdutBngitin & y 24 (4 :
its traditional (commercial and residential) segmeritsy O 2 y (sMdoré& récent énfry{inf the highemd
utilities segment is its reaction to rival STP. Howenrritipoint competition is unlikely to work in this case
because the industry is already highly competitive. Instead, it may simply spark a more competiomsees

2. Commercialnd Residential Segmest(Distributed). As caskstrapped governments around the world
(especially Germany and Spain) cut back on subsidies for solar, companies in this segment will increasingly
have to rely on priceutting to maintain skes. Because residential and commercial real estate are driven by
demand from the end consumer (not government mandate to utilities), many other factors (in addition to cost
per watt) become relevant. For example, performance per area and aestheticspeialy relevant to
residential rooftop installations where the other installation costs (other infrastructure, like support and
backup power) aréixed regardless of how efficient the cells are. Therefore, companies like STEPANRA
have an advantaggi G KA & a4S3YSydod {¢tQa .dzAf RAY3I LYyGdSaINIGSR t
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inexpensive) i thinfilm can allow this segment to utilize the otherwise unused areaslls, and other

similar regions.

In contrast, there is little spatial differentiain. The companies serve both segmeaoitdine and conduct business
globally. While PV cells in their current form are close to being commadiiegone has access to the technology
and inputs necessary to produce and market PV ¢allieit notnecessarily the best technology or manufacturing
capabilityy each technology has advantages in different segmektsording to theeconomistthe commodity
nature of the industry favors large, established firms with access to cheap capital (like TS[Rasde exhibit 1).
The market structure that best characterizes this behavianasopolistic competition Firms sell relatively
comparable products that are readily substitutable, and there is not much concentration because there are

numerous firms in tk industry, and many morentering.



Attractiveness of the Industry: Five Forces Analysis
1. Barriers to Entry and Exitviedium
a) Structural The technologies used in the industry are relatively aketbwn. Success using current
technologies will hinge on digdined execution and efficient manufacturing and logistics. Since there are
no huge knowledge barriers to entry, entrepreneurs can attempt to enter the market, but must achieve
critical mass to achieve the economies of scale necessary to produce modulpstitively. Massive
manufacturing effort is necessary for succédise toeconomies of scalg especially for new entrants, but
Samsung and LG, both of which are making a huge push for(Solar Stocks' Newest Woes, 201®ve
both the potential and wipower.¢ KS &2t I NJ AYRdzAGNR G GKA& adlr3sS Aa |
theory of Creative Destructiom an entrant with a disruptive technology may ultimately succeed through
lower costs, as is the nature bfpercampetitive industries. The disruption in the equilibrium may come
soon, with the entrance of weflinded startups like Nanosolar.
b) Strategic There are no signs of strategic barriers to enfrige market is growing so fast that it is not
advantageous for angingle firm to discourage entry.
2. Competition:High During the recession, many firms have felt the pai®df LI OA G& o0SAy 3 €a oSt t |
(Solar Industry to Hit US $77B in 2015, 2Gi0average selling prices (ASR)rfelrly 50%Solarpanels are
relatively similaexhibit 45). In the hyper-competitive industry, inorder to remain competitivagainst rivals
and potential entrantsfirms must constantly innovate on those metri€®r exampleSTFhas been using
signF AOFyd OFLAGEE (G2 dzLJANI RS AdGa SEA&aGAY3I OF LI OaGe G2
performance cell§Suntech 2009Q1 Financial Results, 20B8¢ause of the lack of differentiating features
and excess capdyg, the industry is likely to behave more like tBertrand model where prices tend toward
marginal cost pricing is astrategic complementso competitors are likely to lower prices in response to
other firms lowering theirs and firms must focus on lowery their costs in order to avoid thgertrand trap.
With sufficient growth in demand and improvements in technoldbeg, industrymay avoid that fate.
3. Supplier Power: LowMedium. All four manufacturers have their largest manufacturing centergimerging
Asia, wherdabor poweris weak. The primary marginatoduction costsare in materials costs.
a) SiliconBased Technologies: Low/MediurBilicorE G KS Y2aid FodzyRIyld StiSYSya 2y
itselfa commodity In the long term, silicon production iWfollow silicon demandSince silicon wafers
used by one company can be used by any other, there isg®at specificity risland thus low risk of the
holdup problem Therefore, the smalldransactioncostsmakebuying preferred to makingPriorto the
recession, due to the rapid rise of demand from the PV industiyA O K  oklyimajors&@urce of
demay R T2 NJ Ydzf (A QNIKSBalarkilidor pyices skyrodk&tédBsignificantly squeezing solar
T A Ndvagifss.However, due to much more silicon capacity coming online since the recession (and the
slower growth due to the recession) the price of silicon has fallen dramatically. Since silicon is such a large

component of traditional PV cells, this volatility ingaridirectly translates to volatility in margins.



However, as theinit need for silicon decreaseshere is heavy research to reduce the thickness of silicon
for PV cells this will become a less volatile fraction of the total costs.

b) Thin Film usingCIGS/CdT.aVedium. It is estimated that around 800 metric tons of Tellurium are
available per yegCdTe Photovoltaics)vhich is only multiples more thafSLRa& (2 G f O2 y & dzY LJG A 2
However, there has not been enough demand previouslystify the mining of Tellurium, so a sustained
demand may lead to higher production. This supply constraint appears to be manageable givegLtRat
was able to improve its margins despite the costs of Tellurium triptirmugh improvements in
manufacturng overheadManufacturing Overhead (Not Materials) Essential to PV Profitability, 2010)

c) Capital costsThe suppliers of solar equipment are much more concentrated because of the high fixed
costs involved in producing such nhaery. Therefore, Applied Materials (the largest manufacturer of
machines to make PV cells) and GT Solar have a moderate level of power over the industry, since the PV
manufacturers are relatively substitutable demand.

Due to the dramatic tumble in theosts of polysilicorraused bya fundamental mismatch between supply and

demand (See exhibit 16\vhich is expected to persist for many more yea@mpanies that produce silicon

based products are better off relative #SLRwhich relies on tellurium, whh has much fewer uses and thus

has a much higheasset specificity suppliersof tellurium may demand more in compensation for the risk

4. Buyer PowerMedium. Utilities buyerdMedium-low) typically are driven by government mandates to

produce a certairiraction of energy from renewable sourcddowever, utility customers are looking for the

highest return, and thus the substitution effect is more relevant for that market. In contrast, residential and

commercial customers (High) have no obligation to tlenewable energy products. Therefore, it is up to the
industry to make their products attractive, either through aesthetics, performance or price. Since solar panels
are easily substitutable, and there are many firms in the market, and since buying tersimple (through

an online website), these consumers have enormous power over the companies. Because there has not been

enough time for the brands to develop and mature, there is little brand loyadtynost all buyers are first

time buyers with no prioexperience in the PV industry.

5. Threat of substitutegSee exhibit 22)High Utilities required to produce energy from renewable sources have
numerous other optionsvhich are more attractive due to their centralized natuke contrast consumers

who purchase PV products for ethical or environmental reasons are less likely to substitute away from PV

(wind is impractical in many cities and suburban areas where buildings block out most strong winds), but those

who do so for economic reasons are much mdkelyi to abstain from investing in a PV system if it the price

point is not attractive enough, simply because power from the grid (by coal, for instance) is much cheaper.
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and more practical for individual households and firms to maintairaddition, there are few other viable

options for distributed power production PV solar is among the most attractive.

Overall, the industry is unattractive for cemnt players in the long term.



Value Net

There are solar industry associations (SEIA for example) who have been instrumental in lobbying governments to

pass legislation that is favorable for the renewable energy (and PV solar) industry. Greater panticipatio

cooperation in not only influencing the decisions of government bodies, but also the understanding and perception
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There could also be greater cooperationtbie development of techalogy, either through industry groups, joint
ventures, or privatepublic partnerships, in order to speed upetpace of development, and hasten the journey to
grid parity, when all firms can enjoy a much larger marl@trrently, thereare no standardizatin requirements

for module and cell shapesizes and performance metrigsvhichwould aid the growth of the industry
comparable to the CBnd DVD industries in thdinfancy Howevercurrent players may be averse itdecause it

may further commoditizehe market (since modules and celvould become interchangeable) (Exhibit 17).

Strategic Group (See exhibit 15) and Mobility Barriers
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intellectualproperties SPWRR &  Ljrodusémiich more power per unit area (Exhibit 5) and are well designed
(aesthetically), and thus can be sold at a premium where real estate is at a premsiuch as on roofs of densely

packed buildingsBecause of the high R&Bquirements, the barrier betweeBPWRANd its competitors is

extremely high. HoweveSPWRR & NX aLl2yasS (2 AyONBI a Hicedtonpdti®rsis®2 YLISG A G A
mistake instead of taking advantage of their uncontested position as the producegbebktefficiency

commerciaigrade panels, it introduced lowssfficiency (presumably less costly) panels (Exhibit 12). Not only does
SPWRAavelittle experience in improving its cost structtiheough manufacturingas gposed to technologfas it

has toif it is to surviven the strategic group it wants to move intd)ut this entry into thex (i NJ R ’ségmenty | f ¢

may dilute its brand. Customers may no longer associat&StPé/RArand with panels having the best conversion

rates, and consequently be ewilling to pay premium pricedt mitigates its lack of experience in the lemd

market by sourcing modules from external supplig@snPower's New Product is Low Efficiency, 2ddi¥)those

suppliers anlSPWRAnay have conitting interests. For example, they may be unwilling to seBR&VRAt low

price because they may sell it themselves.

The moves by STP and TSL to increase thaielP¥fficienciesre incremental and represent efforts to improve

cost (cost per watt) ¥ deriving more power (watt) from their panelBhey are not attempts to enter a new

strategic group. In fact, it would be difficult for either to en®@PWRQ & FRERA &GN} 6 S3A O INRdzZLIA oS
lack the technology to achie@WRR & O2yY GSNESIRY VSP&FEO@MNAY I O2adad



Company Level

Positioning and Value Creation
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costleader in manufacturing solar pradts, andSPWRAs positioned as the technology leaderdll efficiency

Both have very lucrative segments of the marnké&w end and high enrdbut SPWR@a Sy i NE Ay iG2 GKS Y.
the market is worrying, given its existing bramgtognition for higkefficiency. SinceSSPWR& & LINB Y A dzY LJ2 &aA G A

is relatively unique, it would be unwise to abandon that in search for segments with greater competition.

In contrast, STP and TSL also aim to be cost leaders but through different technol&jiendeSi ratherthan

CdTe)Since input costs are a majority of the marginal unit costs, the success of each technology depends on the
adzLlL)X & O2yRAGAZ2YAD [/ dINNByildfteées (GKS adzZlid & F2NJ aatAadzy A
advantage. They mushé&ench themselves as the lewost silicon leader through sbreductions, R&D

improvements and economies of scale; otherwise they are very vulnerable to efilrgse aiming to achieve cest

leadership through silicon technologies face much more compatitiom existing rivals and potential entrants
Boundaries of the Firm: Value/Vertical Chain (See exhibit 18)

Procurement of Silicon Ingots and Wafers
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an astute business decisiborwhenthe solar PV market was still nascent and supply of gpiade wafers limited,

the asset specificity of such a product was high, so it made sense to produdmitse.¢ { [ Qa4 OKIF y3IS 27F &
to taperedintegration after forecasting a collapse in silicon pricembandoning full integration and focusing on

the highermargin portion of the value chainallows it to focus its RR and manufacturing efforts on improving its

solar cells and modules, while allowing it to benchnitgkvafer/ingotproduction with the industry costs

reducing internahgencyand influencecosts The irhouseplantsalsogive TSL negotiating leveragewsuppliers.

STR strategyof & @A NI dzl £ ohlydoublasNtsd risks shglkl the supplier encounter problems, not only
would its stake lose value, but also its supplies would be jeopardiastéad,it canpreserve the stability of long

term agreenents but educe the risk of nowlelivery bysourcinginputs from many more suppliers.

Sales and Distribution

SPWRANAFSLRa Sy iNE AyiG2 GKS altSa FyR RAAGNAROdziAZY KIF @S Yl
may alienate distributorand may distract them from focusing on their core competencies, but will allow them to

leverage their brand better and make them closer to the ®udtomers. As a consequence, they may be able to

respond more quickly to customer feedback, and develop a strobged with customers.



In contrast, becaus8TRand TSL have less established brands, thepanefit fromselling through distributors

with knowledge of themarket. It may also protect them fromersonalprotectionisnt American customers may

prefer Amerian modules over Chinese as)avhich is always a rigif Chinese exportex Ly FI Ol X { ¢t Qa4 RSO
build a plant in the United States may be an effort to mitigate that ridkwever, by going through distributors

STRand TSL may lose the benefit ofsgoess with the end consumer. Ultimately, as they gain more share of

markets like the United States and establish themselves aschiglity, lowcost suppliers of PV products, they

may find it advantageous to move downstream and leverage their brand aease

Research and Acquisition of Technology
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R&D departments add value is in making the technology viable for qpiaghiction, lowering costs, materials use,

and increasing reliability. Most firms do R&Bhiouse, butSTRcollaborates with universitiasfor example, it is

O2f t I 62 Nlith thg’ SinbairheiURivedsity of Technology in Australia to develop nanoplasmonic solar cells

that are twice as efficient and run at half the cost of those currently avaddBlentech Power Holdings)

Collaboration with universities allaWsTRo engage in riskier projects, and may earn it public goodwill. However,

the ownership of the technological discoveries is murky.

Strategic Positioning: Business-Level Strategy (BLS)

91 OK ¥ A NMeuel stratetpidrrgsfoads with its positionin Since each firm is fairly focused (undiversified)
on producing various grades of PV prodygtih various operations like R&D and ingot/wafer
production/sourcing to support that main endeavpif) makes sense for the BLS to be aligned with the positgpn

of its products.

SPWR@Aa O2y Tdza SR LJ2 & A (A 2 ybusifiess lbvel ttatedy BLER dttenipRat dopin®@itff T dza S R
low-O2aidG NRARGLFfa FTNRY /KAyl FTFFSO0Ga (GKS TFAds@®waFT20dzad LGA
simultaneous attempt at stretchinthe SPWRAMArand to symbolize both lowost and higkdifferentiation, a

strategy that is unlikely to be successful. It cannot compete with Chinese rivals whose expertise in minimizing costs

and are not afraid of accepting razthin margins.

FSLRas been sccessful with its codeadership strategy because of the low cost technology it uses, and the
resultant economies of scale it achieved through manufacturing capacity expansions. In order to maintain its status
as the lowcost leader, it must continue losving costs the amount of materials used, manufacturing overhead,

and outputt and it has proven to be successful in delivering constant improvements over time.

STRI y R intedrafed costleadership strategys not well protected in a commoditized and lgid market
this is the strategy that many companies (especially those in China) pursue. The number of rivals with this BLS will

severely limitprofitability.



Corporate Level Strategy and Diversification (Relatedness)
All four firms areSingle Business--theyall focus exclusively on PV products or products and services in support
of that (wafers/ingots and inverters/installationBecause of how quickly the industry is changing, focusing

exclusively on the single business and its support businesses issaegéor responsiveness, flexibility and focus.

Structure

All four companies focus on producing various grades of PV products, where efficiency is critical. Therefore, the
functional structure, as they all are organized, is optimal. This is in contrasote diversified participants like BP
and Sharp, where solar is a small part of the overall business portfolio. While the overall firm (BP/Sharp) may be

M-form, the division that focuses on solar is organized in a functional structure.

Isolating Mechani sms: Resources and Capabilities

The same factors that protect each strategic group from each otliee set of technologies and manufacturing
STTAOASYOA Sa dzy R SiNdlsGpro@ét individiaMitng. Ohdafthie Sidjai resbyfces that protect

each company is the capabilitiebtbe leadership (See exhibit ® TR & / 9 h k ZHehgromdgdBR & o O1 I NP dzy R
AY NBySslotS SySNHASaA FYyR SyaiAySSNAy3a IAPSa KAY (KS LIS
technology and, throug8T®2a LJ- NIy SNA KA LJ (g RFK (dgySA BN ARIOA A AGHINI 82 ¢
foresight into the silicon supply market, leveraging the full integration of his firm when supplies were tight, but

opportunistically taking advantage of the market when supply exploded.

In contrast to itSChinese competitors who are spoiled by the fixed/predictable DMlaan exchange rateand

hence did not have the foresight to protect themselves against volatilities in theZzeuwnme, FSLRIemonstrated its
experience with the global markatsand managingolatile economic landscapeghrough its hedging activities. It
realizedthe level of itsexposure to the European markets and the Euro, and thus hedged against it. As a result, it is
expected to outperform its competitors in the near teffffirst Solar to Outperform Suntech as Euro Falls, 2010)
FSLREEO Robert Gillettza (i & yhdZR&ident and CEDglobalHoneywell Aerospacgroved advantageous.

In an exponentiallygrowing and volatile global industry, astute managemeri ONAR G A Ol ft ® DAt f SGGSQa
background contrasts wittk K SY ANy 3 Q& GSOKYA Ol f o O] 3NER dzyoRetingCdstSA NJ 32 |
per watt versus increasing cell efficienbyt both achieve the same effectlitimately, it may be the busirss skills
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Each firm has resources that are difficult to imitate (see isolating mechanisms), including competent management

and technology patents, but theore competencie®f each firm are not well defined. Intgyper-competitive

industry like this, no resourcesfwit LINB & SNBSS | FANNQAa LINEaReAnadvaiidnaA 6 & F2NB OGS
routine in order to remain competitive against rivals and entraitsevolutionary economicgells us, hat these

firms survivedand thrivedprovesthat their routines are conducive to adapting and innovatinghich is valuable,



but not rare (not at this level). It remains to be seen whether firms can continue to innoYateexample,

whether FSLR can continue to decrease its unit costs. The industry is too young to tell.

Activity Systems

TSL and STP sell through distributors, and interact with their customers mainly through their websites. The activity
system that drives them is a network with their R&D and manufacturing departmentkjng togetherto reduce

costs and impove performanceln contrastFSLRnd SPWRAre now much closer to their customers and offer a

more complete experience directly to their customessich as financing.

Ultimately, because of how quickly the industry is changing, a rigid activity systkfficisit to develop. In fact,
because of the pace of the industrydgnamic collaborationbetween R&D, manufacturing, marketing and
distribution is necessary to give the company direction. For exarfiple?2 wihit@kfocus on quality manifested in
supeb R&D, high quality manufacturingriccess positionin@nd a network of distributors to pass on that

information. Unfortunately, its deviation from that greatly detracts from its focus find

Conclusion

All four companies have the potential to achieyd parity. Howeverthere are many risks along the wégxhibit

23), especially in the negerm as governments cut their subsidiesthe middle ofa supply glutSince the industry

is still in its infancy, the primary riskshared by all four companiess entry by newcomerkke Nanosolawith

disruptive technologiesThecurrent leaderanustestablishlarge economies of scale and continue to innovate

order to avoid the predictable fat&x § KSNBE A ff 0SS G6ARSEALINSI RallS2 OKIBaay ¢ T A f dzN
Industry to Hit US $77B in 2015, 20Mhichever company reaches grid parity first without government support

will see virtually limitless demandthe incentives to innovateare huge With the cost of cogplants estimated at

$2.1/watt (not including fuel and possibly emissio(SjartUp Sells Solar Panels at LowdéanUsual Cost , 2007)

and PV utilization rising above 2@Exhibit 8) it will not be long before a compametsthere.

However, technology is not the only way thehe fact, it may be established firms in the technology industrigh
decades of experience in managing firrmsa highvolume-andturnoverindustry,who can best exploithe growth
(exhibit 21.5), ultinately transforminghe industry into a lowmargin/high voluméndustrylike the PC industryAt
the present, however, there anmanyopportunities forfirmsto exploit through increased cooperati@nd
technical partnershipsThe most important one to psue is building political support through the industry trade

groups and building greater awareness of the potential of PV technologies to solve global problems.

Ultimately, f the current trends atonvergencgsee Strategic Groups) continue, the industsya whole may

reach grid parity soonehut at the cost of differentiation. There will be numerous firms ready to supply what may
6502YS O2YY2RAGE (SOKy2f23rA84as sKAOK sAft SNRBRS (KS Ayl
suppliers of ky equipment like AMAT thatin, with thefirmsbeing the PV equivalent of Dell and HP.



Exhibit
Exhibit 1: Government Subsidies and Feed-In Tariffs for PV

China

There were talks of feeth tariffs around the Copenhagen talks, but such talks have subsided.

However, cheap loans are awaile to Chinese solar companies. For example, STP and TSL have access to $7.3b

and $4.4b of credit from a statein bank.

Germany
Historically the biggest solar market (despite the unattractive geographic location for so&atd is feedin tariffs
(which were set to decrease at a fixed rate annually), the market is jeopardized by the cuts to tha EU¥s cut
inJanuary 201Gt ! RN} T4 LIASOS 2F fS3AatlGAzy LINRLRA&ASaA
>
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Spain

It suddenly burst into the world PV market2007 with a feedn tariff program, which triggered two gigawatts to
be installed but due to mouning budget problems, has significantly cut back on subs(dies Rise of Solar,
2010)

Ontario, Canada?
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USA
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in December of 2018.

TheCalifornia Solar Initiative, started in 20(4s been credited with making California the largest market for solar

in the United &tes. Currently there is an average rebate of $330Ben it got started, just 2% of modules were

Chinese, versus 46% in th8 duarter of 2009 according to thEconomist
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! http://www.forbes.com/2010/02/23/solarpower-subsidiesmarketsequitiesgermany.htmi

2 http://www.forbes.com/2010/04/09/suntechtrina-chinatechnologyecotechsolar.html

% http://www.forbes.com/2010/02/26/solarpanetcoststechnologyecotechsuntech.html

4 http://www.forbes.com/2009/09/24/homesolarpower-lifestylerealestatesolarpanels.html



The city of Berkeley created a solar financing program that allows solar installations to be paid via an annual
GaLlSOALE (FEé 2y (KS K2YS26ySNDa LINRLISNI& GFE®

For more information on government support for the finamgiand investment of renewable energy in general,

refer to the PEW Clean Energy FactbBok.
Exhibit 2: Government Commitments and Goals

Europe
ab2g GKFIG GKS LREAGAOIE O2YYAGYSyida oe& 9! fSFRSNBR (2 |
been translated into binding targets for individual member states, a debate is heating up in Brussels about how,

and if, the targets can actualbe met.d 0 C S 0% remewables by 2020: is it possible?, 2008)

Germany
GDSNXYIFye aidAatt glyita (2 INPOIRAIAGIAY AdKA I SKRIBSHEYQURI ¢ o6& N
Slap Solg 2010)

USA
http://seia.org/galleries/defaultfile/2009%20Solar%20Industry%20Year%20in%20Review. pdf

State Level Renewable Energy Usage Targets

Sate Target Percentage Target Year
AZ 15% 2025
CA 20% 2017
CoO 10% 2015
CT 10% 2010
DC 11% 2022
DE 10% 2019
HI 20% 2020
MA 4% 2009
MD 8% 2019
MN 25% 2025
MT 15% 2015
NJ 23% 2021
NM 20% 2020

> http://www.ci.berkeley.ca.us/ContentDisplay.aspx?id=26580
e http://www.pewglobalwarming.org/cleanenergyeconomy/index.html


http://seia.org/galleries/default-file/2009%20Solar%20Industry%20Year%20in%20Review.pdf

NV 20% 2015

NY 24% 2013

PA 18% 2020

RI 15% 2020

WA 15% 2020

China
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Plan To Rule The Sun, 2009)

oLongterm energy strategy has been shaped by the governmesetgral planning agency, the NDRC, with the
ancillary National Energy Administration (NEA) focusing on the specifics of energy supply and production.
Approximately 8% China's renewable energy mix is high for a developing country, even if this numbmrik/pri
due to its massive hydropower infrastructure. China hopes to source 10% of its total energy consumption from

renewable energy sources by 2010, wittt a4 S0 F2NJ H N H fFastRa®s Chimd} o0& Hnpné

Exhibit 3: Photo-Voltaic (PV) Vertical Chain?

1 STP, SPWRA, F8pRrate in the highlighted portion of the supply ch&@®) transforming silicon ingots
and waferdnto solar cells, then combining them into modules.
9 Inaddition to (C), TSL also produces its own ingotsaaidrs
1 Companies like Applied Materials (AMAT) prodegaipment that transforms A to B and B to C.
f [5Y GdzNy&a alLRteartAdzy FSSRaid2014a FTNRY airftiaild2y LINER
blocks, and either sells them to other wafer manutaers or produces its own wafers to sell to solar
LI ySt LINBRdzOSNE d¢
1 JASO turns wafers)Bito cells (first phase of C). This phase requires the most PV technology.
1 For more information on the complete process by which quartz sand is transformed iMsgsEem,
NEFSNI G2 ¢{[ Q& FINIAOtS 2y OSNIAOIf AydSaANI (AZ2y®

" http://www.suntech-power.com/index.php?option=com_content&view=article&id=46&Itemid=54&lang=en
® http://www.wikinvest.com/stock/LDK_Solar_%28LDK%29
o http://www.trinasolar.com/vertical_integréon.php



Solar Grade Solar Cells Investor, Utility,
Silicon &Modules Integrator,
Installer

Exhibit 4: Prevailing PV Technologies

There are three basic means to PV power generation.

1. Crystalline Silicon (8i): first developed by Bell Labs in the 1950s, atitkisnost widely used today.
SPWRAnanufacturegoly-crystalline silicorbased cellsand STP produces both kind$ere are two
types:
a. Mono-crystalline silicon is harder to manufacture but are more efficient
b. Polycrystalline silicon is easier to manufactuvut
2. ThinFilm:requires less semiconductor material and is easier to manufacture, but is less efficient than
crystalline silicon. Current technologies include:
a. Cadium Telluride (CdTe), which is easy to manufaciuieg St f adzA G SR FaddE YI aa LIN
used by First Solar
b. Copper Indium Gallium Diselenide (CIGS)
c. Amorphous Silicon (&i), which is inexpensive and l&fficiency and is used by STP for buileing
integrated cells (where there is little premium for size or area).
3. Multi-Junction: Much moreféicient, but more expensive to manufacture. These are used when efficiency

is at a premium, such as satellites.

For a more thorough discussion of the prevailing technologies and their various tradeoffs, refer to the fact sheet

from the SEIA (Solar Enerigglustries Associatior].

Exhibit 5: Industry Conversion Efficiencies and Technologies 11

Manufacturer Conversion Efficiency
SPWRAPolysilicon) 23.4%
Suntech Power HoldingBolysilicon) 18%

10 http://www.seia.org/galleries/FactSheets/Factsheet PV.pdf
" hitp://www.wikinvest.com/wiki/JA_Solar_Holdings



Sharp(Polysilicon) 13%
Solarfun(Polysilicon) 17.2%
JA Solar HoldingMonosilicon) 17.7%
Trina Sola(Mono & Polysilicon) 16.6%
Evergreen Soldstring Ribbon) 15%
First Sola(CdTe Thin Film) 10.5%

Exhibit 6: History of Research -level Efficiency Advancements ( NRELD
Best Research-Cell Efficiencies LiNREL

50 AL RENEWABLE N
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Exhibit 7: Manufacturing Costs

Suntech Power (STP) Non-Silicon Manufacturing Costs 12

Includes all manufacturing costs (nsiticon materials, processing and depreciatidycludeshare basd

compensation and freight.

$0.64
$0.62
$0.60
$0.58
$0.56
$0.54
$0.52

Cost per Watt 2009
—

\\

\ ——$/W

Ql Q2 Q3 Q4

First Solar (FSLR) Manufacturing Costs

First Solar camanufacture modules at®87/watt.

Exhibit 8: Translation of Power and Energy Produced

Each watt of PV capacity (AC) operates on average-20%®of stated capacity. In New York, one kilowatt of

capacity translates to a total output of 1,0a0300 kilowat-hours of electricity in a yeéar, which isan11.4%

14.8% utilization rateSome factors that influence utilization rate include:

=A =4 =4 =4 =

Length of daylatitude)

Strength of sunlight

Weathen clouds,fog, rain, snow, halil
Angleof sun and panel

Cleanliness of pats

Therefore, a system rated at 1 kilowatt produces (on average) the equivalent e0@.% kilowatt of traditional

sources of powe(coal, oil, gasih New York. In regions with higher irradiance (such as Los Angeles) the utilization

rate is much higher

In Florida, a 25 MW installation (the largest in the US) generates 42 gighawat of electricity a yeé‘f, which

corresponds to a 20% utilization rate. addition, a solar tracking system can increase output by an additional 25%.

2 http://phx.corporate-
ir.net/External.File?item=UGFyZW50SUQ9MzcxNjM3fENoaWxkSUQ9MzY4Nzc1lfFR5cGUIMQ==&t=1
13 http://www.powernaturally.orgabout/fags.asp



Since production imeasured in MWs and efficiency is measured in percentages, an efficiency increase from 15%
to 20% (a 33% improvemengpombinedwith an equivalent level of manufacturing costs, would result in & per

watt cost reduction of 25%.

Exhibit 9: Leadership/ Management Profiles

1 Suntech Power (STRiXtp://phx.corporate-ir.net/phoenix.zhtml?c=192654&p=irglovmanage
1 First Solar (FSLR}tp://www.firstsolar.com/en/leadership.php

1 Trina Solar (TSUjttp://www.trinasolar.com/our_team.php
l

SPWRASPWRAttp://investors.SPWR&orp.com/management.cfm

Exhibit 10: Trends in PV Industry
1. Greater focus onhinfilm:a Ay SIF NI & wnny NBaSFENOKSNAR 4G GKS | of o |
set a new record at 19.9 percent efficient, close to commercial levels for conventional cells. Because of
the potential for dramatic cost reductiomany researchers view thin filsas the future of solab®
a. Advantages:
i. Requires no silicon, so is not subject to volatile silicon input market.
ii. Cheaper to produce
iii. Better performance in lowight conditions
b. Disadvantages:
i. Current technologies are not as efficient as traditional silimmihnology
ii. Require more surface area for given amount of power
2. Greater economies of scale and accelerated learnibgrge manufacturers are deriving efficiencies from
increasing output and demand.
3. Rising conversion efficiencieimprovement in efficiency@oss the sector (thifilm and traditional) due
to heavy R&D.
4. More efficient polysilicon useln traditional cells, less polysilicon is used in production, reducing the
dependence of the industry on volatile silicon pridesthe future, the thinner (thesilicon layer), the
better.
5. Falling average selling prices (ASB)eater capacity and relaxed government subsidies in Europe are

contributing to falling pricesd { A y G2808,YpanRI prices have tumbled about 40 percent, by several

“ http:/lwww.seia.org/galleries/FactSheets/Factsheet_PV.pdf
1o http://www.worldwatch.org/node/5449



estimates. Solar congmies now have to deal with a world in which their customers see photovoltaic

panels as commodities, widely available and increasingly inexpetiSive

Exhibit 11: Current Innovations in PV Technology 17
From the World Watch Institute, May 2008:

1 Germanresearchershave developed a prototype solar module that useganic dyesombined with
nanoparticles applied to glass with a screen printing technique, to generate electricity.

1 Konarka Technologiesuccessfully conducted its first demonstration of maaatfiring PV cells witimk-
jet printing in early 2008

1 Gompanies in the United States and Europee exploring ways to turroad surfaces into solar power

generators

Exhibit 12: Timeline of Events in the PV Industry
1. awSaSI NOK Ay [/ R¢ S arkl i0Sa (oAILBBIRAG 20 GKS mdop
2. 1954: Bell Labs introduced the first usable solar PV d€vice
3. ale wnntY G/ 2yaiaNU¥zOGA2y o0S3aAya 2y | pna2 GKAY FAEY
GAGK SELISOGSR 2LISNI GA2Y AY HAnyé
4. June 2007: Hoku Materials (a subsidiary oktiScientific) and Suntech sign a-gar $678mm
polysilicon contracbeginning in mie20092° However, the contract allows for cancellations in years 8 to
10 for any reason, provided that the other party is notified by the fourth year of delivery.
5. DecemENI HanTyY d{dzyiSOK NBOSAOPSE 9ELRNI LyawsSoOilrAzy 9E!
Il RYAYA&AUNI GA2y > GKS 2ytée / KAySasS a2t N O2YLIlye (2 K
6. February2008: STiakesa 12%nvestmentin HOKU
7. May 2008:SPWRAlans to build a 1 GW fabrication plant in Malafsia
8. August 2008: To the delight of shareholders, TSL shifts manufacturing strategy from a balanced
ingot/wafer and cell/module production to sourcing the former externally, to allow for a faster expansion
of the latter
9. October 2008: First Solar invests $25mm SolarCity, which offers a solar panel leasing program, a financing
option to help consumers tackle high upfront cogt&irst Solar buys into leasing firm SolarCity, 2008)

10. November 2008: Suntech cuts capacity expansion/CapEx fof 2009

16 http://articles.sfgate.com/201604-17/business/20853664_1_sokpower-SPWRAolarcompanies

v http://www.worldwatch.org/node/5449

'8 http://w ww.seia.org/cs/solar_technology _and_products/solar_electric_photovoltaic

' http://www.suntech-power.com/index.php?option=com_content&view=article&id=81&Itemid=80&lang=en
%% http://hoku.client.shareholder.com/releasedetail.cfm?ReleaselD=249015

* http://ww.pv -tech.org/news/_aSPWRAto_build_1gw_scale_fab_in_malaysia/

2 http://www.pv -tech.org/news/_altrina_solar_shifts_manufacturing_strategy/



11. March 2009: First Solar acquires a pipeline of utsitgle projects in development and negotiation from
OptiSolar for $400mn(First Solar buys OptiSolar's pipelingoodjects for $400M, 2009)

12. a I NOK Sunteckhhannodnced plans to establish a manufacturing base in the U.S. as part of its
strategy to create a lonterm presence within the U.&*

13. August 2009: Suntech changes thin filnSastrategy to focus onBV because of falling silicon priées.

14.{ SLIGSYOSNI HAanpY LYyy208FtAIKIG yR W! { 2tsbldtellsyy 2 dzy OSR
which demonstrated an 18% efficienty.

15. September 2009: First Solar announced ay&r, $6b, 2 gigawatt projeat inner Mongoli&.’

16. October 2009: Suntech announces entry into the utility market with the Reliathon.

17. November 2009SPWRArips on acounting issuethat overreported income for at least the past yeﬁ’r.

18. Wk ydzt NB HamnY CANEBRG {72ednts, Hdd Alandsalar keachas 16I49% eéffitihcyNB  OK S & vy
bly2a2fl N A& aLI ad wilasé miaduing scylily ugdafatity td @edtdzda 2y SEL
marketdemand! i GKS al YS GAYSST DSNXNIyedh adomaiRe FT2NJ azfl

19. March 2010: MEMC decides¥2 @S R2 gy GKS adzilX & OKIFIAYy 64a¢KS O2 YL
Ay alftleaals gKAOK Attt 02YLBGS sAlK 20KSNI OKSH LI ! &

20. March 2010New chiefis hired at Nanosolar, signaling the change from R&D focus to a
business/production focu®

21. March 2010: AMAT announced a renewableergy research lab in Xian, Chifta.

22. March 2010SPWRAcquired SunRay Renewable Energy.

23. April 2010: First Solar extends its share of the sotdity market by acquiring NextLight Renewable
t 26 SNJ 6aft SI BiutitdscaeSaed frajecdSilNgouth S & (i S NFFirst!S¢lat Agrees to
Acquire Nextlight Renewable Power LLC, 2010)

24. April 2010: TSL announced a new module focused on the utility sedifeméa Solalntroduces Powerful
Utility Scale Solar Module, 2010)

25. May 2010:SPWRAnNnounces new, loweefficiency solar panels while touting thal y St Q&

Gdzy LNBOSRSYiGSR STTXOASYyOe 2F mpodp LISNDSy

2 http://www.pv -tech.org/news/_a/suntech_halts_capacity _expansion_slashes_capital_spending_for_2009/
2 http://phx.corporateir.net/phoenix.zhtml?c=192654&p=irolewsArticle_pf&ID=1290952&highlight=
% http://seekingalpha.com/article/1576 7@untechpower-changesthin-film-strategy

*® http://news.cnet.com/830111128_31035550654.html

o http://www.forbes.com/2009/09/16/chinasolarpower-businessenergychinasolar.html

2 http://www.solarplaza.com/news/suntectintroducesreliathon
 http://www.reuters.com/article/idUSN172949620091117

% http://www.greentechmedia.com/articles/read/videmanasolarhits-16.4-percentefficiencyin-lab/

* http://vww.forbes.com/2010/02/26/solarpanetcoststechnologyecotechsuntech.html

% http://ww.forbes.com/2010/03/10/memesolarenergymarketsequitiesinvesting.html

® http://earth2tech.com/2010/03/22/anew-chieftakesover-at-nanosolar/

3 http://www.nytimes.com/2010/03/18/business/global/18research.html



Exhibit 13: Production Capacities and Shipment (Where available )36
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Exhibit 14: PV Price per Watt, Industry Performance 37

$30 per share
$4.0 39

an 3.8 Global average
g solar panel
prices ($/W)
Solar ETF TAN 26 24
10 = 1.9
6
5
4

4/15/08 12/29/08 11/30/09 ‘06 '07 08 '09 "0E '11E "12E

Source: Yahoo Finance. Price is that realized by manufacturer.
Source: Photon Consulting.

% http://www.prnewswire.com/newsreleasesSPWRAnnouncemew-maximumefficiencysolarpanetproduct
line-92649944.htnh

% http://www.pv -tech.org,http://www.reuters.com/article/idUSTOE63D08A20100414?RPC=49

37 http://www.forbes.com/forbes/2009/1228/outfrontenergySPWRAolardark-side-of-sun.html



Exhibit 15: Strategic Groups

®, Gsitechnology
\.) SPWRA
HighEnd ®) Thinfilm technology
/ (premium
priced) 7 Mobility barriers
—> Direction of movement
STP (i)
&=
LowEnd (lowcost
2 TSL
STP (&8i) \.)
\.) FSLR
Low efficiency/high volume High efficiency

Exhibit 16: Global Poly -silicon Supply and Demand

ISuppll Flgure: Global Solar-Grade Polysllicon 2
P\/-tech.o rg  SupplyDemand Balance In Glgawatts G%  Photovoltaics
mEEEE lernstional
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Exhibit 17: Pros/Cons of Standardizing Cell/Mod ule Sizes and Shapes

Benefits
1. Standardizing cell sizes also standardizes wafer sizes, so wafer manufacturers can produce the same size

and shape for all companies, thus reducing asgecificity risk. Additionally, focusing on one size and



shape can allowvafer manufacturers to reap greater economies of scale. Both reducing-sgseificity
and costs will allow PV cell manufacturers to obtain wafers on more attractive terms.
2. {dFYRIENRATAY3 Y2RdzZA S aAl Sa INBLI{fy¥ WSRNBEOSBEKLKSH iR K2
uncertainty of consumers. System installation can use standard tools to mount the system onto rooftops,
and connect to the grid. This would reduce system installation costs (again, through economies of scale),
the benefit of which will bgartially passed onto the customer in the form of lower total system cost,
including maintenance of the infrastructure (not modules).
3. Lower costs and less uncertainty will attract more end consumers, which will fuel more economies of
scale that can contrilite to a virtuous cycle of increasingtpmpetitive prices.
4. Greater comparability between products and defined metrics for performance will incentivize firms to

innovate further.

Costs
1. This may increase substitutability between different PV modudeufacturers, and thus consumers may
become more sensitive to prias the industry becomes more commoditized.
2. This involves a lot of changes to existing capital and infrastructure, which suppliers upstream may be
unwilling to go through.
3. Entrants can qigkly be integrated into the industry, thus increasing threat from entrants in the industry.
4. Comparability will make the industry more commaoditized, and firms may be namimded in their

focus there may be other metrics that are important that avenitted from standards specifications.
Exhibit 18: Boundaries of Firms

Procurement of Silicon Ingots and Wafers

TSlat its inception was a verticatipntegrated firm that produced all of the wafers and ingots it needed (See

exhibit 13), with the goal of eurolling costs and quality. Up until the explosion of solar in the late 2000s, silicon
was used primarily by the semiconductor industry, for which silicon is a much smaller component of costs. Solar
wafers had much higher quality/purity requirements artte were very few firms ready to supply thBly late

2007, it was even considering making polysilicehanse.

However, in early 2008 when immense supplies of sgtade silicon production came online, TSL decided to
abandon its full integration planmnstead making longerm market purchases to supplement its current production

of wafers.

In contrast to TSISTRelies on longerm contracts with suppliers for silicon, allowing it to focus all of its R&D
efforts on improving its PV cell technology.dH8 @S NE A G R2Say Qd Fdz t &sphdoftke 2y (GKS
A0NY 0S3e 27F 4 @ adydrekisthkeshnyitsi sBapINlikei $2@nyh dnFHoku Scientific, $100mm in Nitol



Solar, and various amounts in Shunda and Glory Sllicon) to eth&udelivery of its goodéSuntech Power Guides

2010 Capacity Target, 2008)

Sales, Distribution and Systems Integration

First Solar andPWRAre heavily involved in the part of the value chain downstream from PV cell/module
production. For example, First Solar has a large stake in SolarCity to secure a partnership to sell PV systems to
NBaAaARSY(GALFf yYyR O2YYSNOAIf OdzaG2YSNBR Ay GKS ! yAGSR
managing its own distributivand salesSPWRAraditionally sells through authorized dealers, but recently it

bought SunRay so it can have access to its development pipeline of 1(3uBWay Operations)
SPWRAIso sells system integration solutions, irdihg inverters.

TSL sells through distributors who take care of installation and mainter@niceSolar Distributorspuntech also

sells through separate distributors.

Exhibit 19: Positioning and Business Level Strategy

Suntechand TSL follow an integrated cdetidership strategySee Exhibit 21.1)nstead of simply offering the
f2gSald O02aid 2NJ GKS o0Saild LISNF2N)I hér Peformakic® do ndtn@iazda 2 Y
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Exhibit 20: Market Definition

There are two major segments that the PV solar industry sells to. They differ in performance requirements

(horizontal and vertical differentiation), occasiof use, and geographic area.

1. Utilities Segment: The source of bulk orders of tens to hundreds of /wedfa each, this segment is
extremely lucrative, especially in regions where utilities are required to derive a certain fraction of their

electricity fom renewable sources (See exhibit 2). First Solar is most successful in this segment because

GKS aSttAay3da LRAY(G A& ol iGda LISNI R2fEFNT Al R2SayQi v

take up more space) because they are much lesflycd-or example, the largest order to date, the 6
gigawatt field in Inner Mongolia (China), was awarded to First Solar because of their low cost per watt
6{SS SEKAOAG MHOZ YR 6S8S0IdzaS tFyR A& | odzyRIYyi

strategy of selling loveost solutions to the utilities market, Suntech announced in 2009 (Exhibit 12) their

Ay

SYGNR Ayid2 (GKS dziAtAdASa YINJSG 6AGK GKS awStAlGK2Y

warrantied for 25 years by Suntech.

2. CommeDAlFf FyR wSaARSydAlLf {S$3vySyiday ¢kia asS3avsSyioqa R

government mandate. It may be driven by ethical or commercial decisiardesire to reduce energy use

G2 LINP2SOG I aDNBSy$¢ AYEFAS 2 F mikes@®nomit serse. WMIFRL YS2 gy S



(Exhibit 1) and other subsidies for commercial and residential segments, PV systems become more cost

effective.

Exhibit 21: Miscellaneous Quotes

1. o&Suntechhas pursued a differentiation strategy with its PV products through features such as high
conversion efficiency, quality of manufacture, and warranty in order to secure a competitive advantage in
the solar market (Suntech Power Hoidgs)

2. @Van Scoter told me in an interview that the dynamics of the solar markets today, remind him of the
semiconductor industry of over 25 years ago, right before it tookWffe big breakthroughs have yet to
come(xaid Van Scoter, adding thateltonjoining of factors and megeends, from government policy,
to energy security, to utility movements toward renewablt#l are coming togethe® (A New Chief
Takes Over at Nanosolar, 2010)

3. AC2NJ G4KS Y2 YSyrnb signKicamiBarkétZod=bl& cefisSvere it not for government
& dzo & A(Tha Msk éf Solar, 2010)

4, A¢g2 OAftA2Yy LIS2LX S Ay (KS 6g2NIR KIFI@S y2 | 00Saa G2
be their cheape§ St S O NXFAsk Raéts: |ad2 st ZDGo3

5. aL. aX LyidSt -posigidRedinthe solddinarke§ &nftl could foreseeably commoditize the solar
market in the same way they commoditized the persar@mhputer industrys (Solar Sell: Companies that
Mass Marketed PCs Turn to Photovoltaics, 2008)

Exhibit 22: Substitutes to PV Solar

Utility scale:Utilities required to produce energy from renewable sources have numerous other options, for

exampk wind (which is relatively more cost effective than solar PV), thermal solar, concentrating solar (which

involves using an array of mirrors to focus light on a tower) and potentially nuclear (although political momentum

on this is low). For example, Brigta 2 dzZNOS 9y SNH& aNBOSy it e NBOSAGSR 3I2F3SNY)Y
GKS a22lF @3S RSaSNI 6KAOKX O2dzZ R RSt ADBSNI Y2 NRTheBsg SNI (0 KI y
of Solar, 2010)

Consumer/CommerciesegmentsBesides electricity from the grid and seifintained generators, there are no

other substitutes for homeowners and business owners to obtain distributed electricity production.

Exhibit 23: Risks

SPWRAILf it cannot effectively reduce the costs of its supefi@rforming panels, it may be relegated to a niche
market as the supplier of panels to cramped rooftops where space is at a large premium. Also, if it cannot maintain
a high level of R&D, it may loteat leadership position altogether. Even if it still offers the highsstforming

modules, if its brand becomes diluted by lowmerforming offerings, it may be unable to capitalize on its



advantage in the higheend segments. Ultimately, even if rivaiannot match its performance, if they are able to
offer their products at a much more attractive price point SPWRA has the risk of losing a significant fraction of its

sales As the smallest of the four firms, it will have the most difficult time derigagings from economies of scale.

FSLRIt must continue to derive manufacturing efficiencies by reducing overhead and exploiting economies of
scale in procurement and production. It must also secure Tellurium supplies, perhaps by vertically integrating
(since Tellurium has few other uses, and since it will be large enough that it is worthviiée) if distributed

power production is indeed the gold mine of the PV technology, its inferior performance may discourage potential
residential and commercial stomers, who want more power for the same roof size. Therefore, FSLR must

continue to improve its thidilm technology to use less material yet achieve higher conversion.

TSLWith the significant amount of silicon wafer/ingot production capacity comingerfrom other producers,
its inhouse production may become obsolete. Additionally, as the firm with the smallest R&D budget (of the four),
it may fall behind its competitorsor entrants in technology. With a small R&D budget focused on incremental

improvements instead of riskier, but potentially much more lucrative investments, it risks becoming leapfrogged.

STPLike TSL, it uses the same technologieSif@and targets a similar customer group as many other firms in the
industryt traditional low-cost, ¢Si based modulasleading to greater pricdbased competition. In a globalized
industry in which each company competes with another in multiple countries, a price war can be devastating to
margins. However, due to the low levels of differentiatioh ¢ t Qrés ofyfedter efficiency and reliabitityits

segment is most vulnerable to commaoditization.

Overall:Entrants with completely new technologies, like the printprgss by Nanosolar, may disrupt the industry
and overthrow the leaders. If the current leadedo not achieve grigarity quickly, that may entice startups with

entirely new approaches to enter the market.
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