
Suntech Power (STP), First Solar (FSLR), SunPower (SPWRA) and Trina 

Solar (TSL) in the Photo -Voltaic ( PV) Solar Industry  

PV solar is a quickly-changing industry that is increasingly becoming competitive with traditional energies. As the 

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

energiesτfrom governments and individuals alikeτwill grow immensely. However, the industry landscape is 

extremely dynamic and success of firms in specific and the industry as a whole will depend not only on developing 

ǘƘŜ ǊƛƎƘǘ ǘŜŎƘƴƻƭƻƎƛŜǎ όŎƻƴǘƛƴǳƻǳǎƭȅ ƛƳǇǊƻǾƛƴƎ ǇŜǊŦƻǊƳŀƴŎŜ ŀƴŘ ŎƻǎǘύΣ ōǳǘ ŀƭǎƻ ƻƴ ŜŀŎƘ ƭŜŀŘŜǊǎƘƛǇΩǎ ōǳǎƛƴŜǎǎ 

acumen in navigating through an industry that is constantly in flux. 

The holy grail of the PV industry is grid parityτmaking 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/manufacturing, economies of scale, business acumen and ultimately a strategic intentτarguably the 

most powerful strategic commitmentτto give everyone the focus and motivation to succeed. In that light, the 

four current players most likely to succeed at achieving grid parity and exploiting that 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 —Six Segments 

1. Political/Legal: The success of the PV industry is highly dependent on favorable political and legal conditions 

(Exhibit 21.3). Currently, there are massive subsidies in place in various places like Germany, California and 

China that make solar energy comparatively affordable (Exhibit 1), that are implemented to help them achieve 

their goals and commitments (Exhibits 2 and 3). The failure of the Copenhagen summit in winter of 2009 and 

the subsequent collapse of climate change (carbon credits/trading) legislation are major setbacks for the solar 

industry to overcome. Additionally, increasing pressure on government budgets, especially in 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 growth. Despite the vocal call of the US President for the US to 

become more competitive in renewable energiesτthe President is likely to find more supporters by framing 

this as a source of high-paying jobsτit is uncertain whether Congress will act on that call. 

2. Economic: The world is emerging from the Great Recession, pulled down by an anemic housing market and 

sagging stock market that has drained household wealth significantly. Solar 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 in the attractiveness (or viability) of home equity loans.  



3. Socio-cultural: Despite a stall in government support for renewable energy, there is a rising awareness of 

climate and energy-dependence problems among people. Although the desire for action is dampened 

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 politicians to return to the problem again. 

4. Technological: The technology for PV power 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 sources of energy in some regions. With 

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, improve efficiency (Exhibits 4-6), and decrease manufacturing costs through new 

ǇǊƻŎŜǎǎŜǎ όtǊƛƴǘƛƴƎΣ ƭƛƪŜ bŀƴƻǎƻƭŀǊ ŀƴŘ W! {ƻƭŀǊΩǎ LƴƴƻǾŀƭƛƎƘǘ ǇǊƻƧŜŎǘύ ό9ȄƘƛōƛǘ млύΦ ¢ƘŜ ǇƘȅǎƛŎŀƭ ƳŜŎƘŀƴƛǎƳ ƻŦ 

power generation has not changed, but the manufacturing technologies have improved greatly. Through 

independent research and private-public 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 systemsτit is much more economic. However, it is possible that demand for residential PV systems is 

highly dependent on those in the home-owners demographic group. The recent collapse in the housing 

market and home ownership may mean fewer homes to install PV systems on/people to demand them.  

6. Global: 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 is a highly global industryτChinese manufacturers like STP manufacture the modules in 

China and Arizona to sell to the US and Europe; and US manufacturers like FSLR and SPWRA manufacture in 

South-East Asia (Malaysia and Phillipines) and Germany to sell to China and the Germany. Being based in a 

cheap-labor region is not enough to be competitiveτevery competitor can take advantage of cheap labor 

globally. Additionally, volatility in the Euroτor a general weakening caused by the weaker Euro nations like 

Greeceτmay adversely affect the industry that is heavily dependent on European customers. In many parts of 

the world without access to electricity grid, solar may be the solution (Exhibit 21.4)τand conveniently, they 

are in regions with high levels of irradiance (India, Africa, and central Asia). As the rest of the world demands 

more electricity, solar has a large potential market to reachτthe vast number of people who are not 

connected to the grid. Despite the growth in the industry, it still accounts for less than a percent of total 

electricity use (CIA Factbook). 

Favorable External Environment  

Despite uncertain political will in the near term, a confluence of various external factorsτsuch as technology 

advancements, greater awareness and long term political willτpoint to a favorable environment for green energy 

in general, and PV solar in specific. 



Global PV Solar Industry  

Market Definition  (See exhibit 20)  

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

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

1. Utilities Segment (Centralized): FSLRΩǎ ǇŀǊǘƛŎǳƭŀǊ ǘŜŎƘƴƻƭƻƎȅτlow-cost, mass-produced thin film cells are very 

well suited for this segment. FSLR advantage is difficult for another firm to achieve because of FSLRΩǎ 

manufacturing and technology efficienciesτit has demonstrated experience in achieving the economies of 

scale necessary to be successful in this high-volume field. By introducing the Reliathon, STP has staked a hold 

in the higher-end utilities marketτwhich may be advantageous in regions where land is expensive like 

California, in contrast to FSLRΩǎ ǘŀǊƎŜǘ ƻŦ ǊŜƎƛƻƴǎ ǿƘŜǊŜ ƭŀƴŘ ƛǎ ŎƘŜŀǇ όƭƛƪŜ ŘŜǎŜǊǘǎύΦ !ƭǘƘƻǳƎƘ ǘƘƛǎ ǎƛƎƴŀƭǎ {¢tΩǎ 

ŜƴǘǊȅ ƛƴǘƻ C{[wΩǎ Ƴƻǎǘ ǇǊƻŦƛǘŀōƭŜ ǎŜgment, because they are targeting different geographic regions, this is not 

multipoint competitionτSTPΩǎ Ǝƻŀƭ ōȅ ŜƴǘŜǊƛƴƎ ǘƘƛǎ ƳŀǊƪŜǘ ƛǎ ƴƻǘ ǘƻ ŘƛǎŎƻǳǊŀƎŜ FSLR from undercutting it in 

its traditional (commercial and residential) segments. Lƴ ŎƻƴǘǊŀǎǘΣ ¢{[Ωs more recent entry into the higher-end 

utilities segment is its reaction to rival STP. However, multipoint competition is unlikely to work in this case 

because the industry is already highly competitive. Instead, it may simply spark a more competitive response. 

2. Commercial and Residential Segments (Distributed): As cash-strapped governments around the world 

(especially Germany and Spain) cut back on subsidies for solar, companies in this segment will increasingly 

have to rely on price-cutting to maintain sales. 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 aesthetics are especially relevant to 

residential rooftop installations where the other installation costs (other infrastructure, like support and 

backup power) are fixed regardless of how efficient the cells are. Therefore, companies like STP and SPWRA 

have an advantage iƴ ǘƘƛǎ ǎŜƎƳŜƴǘΦ {¢tΩǎ .ǳƛƭŘƛƴƎ LƴǘŜƎǊŀǘŜŘ t± ό.Lt±ύ ǎƻƭǳǘƛƻƴ ǳǎƛƴƎ ƛƴŜŦŦƛŎƛŜƴǘ όōǳǘ 

inexpensive) a-Si thin-film can allow this segment to utilize the otherwise unused areasτwalls, and other 

similar regions. 

In contrast, there is little spatial differentiation. The companies serve both segments online and conduct business 

globally. While PV cells in their current form are close to being commoditiesτanyone has access to the technology 

and inputs necessary to produce and market PV cells (albeit not necessarily the best technology or manufacturing 

capability)τeach technology has advantages in different segments. According to the Economist, the commodity 

nature of the industry favors large, established firms with access to cheap capital (like TSL and STPτsee exhibit 1). 

The market structure that best characterizes this behavior is monopolistic competition. Firms sell relatively 

comparable products that are readily substitutable, and there is not much concentration because there are 

numerous firms in the industry, and many more entering. 



Attractiveness of the Industry: Five Forces Analysis   

1. Barriers to Entry and Exit: Medium 

a) Structural: The technologies used in the industry are relatively well-known. Success using current 

technologies will hinge on disciplined 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 modules competitively. Massive 

manufacturing effort is necessary for success (due to economies of scale), especially for new entrants, but 

Samsung and LG, both of which are making a huge push for solar (Solar Stocks' Newest Woes, 2010), have 

both the potential and will-power. ¢ƘŜ ǎƻƭŀǊ ƛƴŘǳǎǘǊȅ ŀǘ ǘƘƛǎ ǎǘŀƎŜ ƛǎ ŀ ǇŜǊŦŜŎǘ ƭŀōƻǊŀǘƻǊȅ ƻŦ {ŎƘǳƳǇŜǘŜǊΩǎ 

theory of Creative Destructionτan entrant with a disruptive technology may ultimately succeed through 

lower costs, as is the nature of hypercompetitive industries. The disruption in the equilibrium may come 

soon, with the entrance of well-funded startups like Nanosolar. 

b) Strategic: There are no signs of strategic barriers to entry. The market is growing so fast that it is not 

advantageous for any single firm to discourage entry. 

2. Competition: High. During the recession, many firms have felt the pain of ŎŀǇŀŎƛǘȅ ōŜƛƴƎ άǿŜƭƭ ŀōƻǾŜ ŘŜƳŀƴŘέ 
 

(Solar Industry to Hit US $77B in 2015, 2010) as average selling prices (ASP) fell nearly 50%. Solar panels are 

relatively similar (exhibit 4-5). In the hyper-competitive industry, in order to remain competitive against rivals 

and potential entrants, firms must constantly innovate on those metrics. For example, STP has been using 

signiŦƛŎŀƴǘ ŎŀǇƛǘŀƭ ǘƻ ǳǇƎǊŀŘŜ ƛǘǎ ŜȄƛǎǘƛƴƎ ŎŀǇŀŎƛǘȅ ǘƻ ǳǎŜ ƛǘǎ άtƭǳǘƻέ ǘŜŎƘƴƻƭƻƎȅΣ ǿƘƛŎƘ ŀƭƭƻǿǎ ŦƻǊ ƘƛƎƘŜǊ 

performance cells (Suntech 2009Q1 Financial Results, 2009). Because of the lack of differentiating features 

and excess capacity, the industry is likely to behave more like the Bertrand model where prices tend toward 

marginal costτpricing is a strategic complement, so competitors are likely to lower prices in response to 

other firms lowering theirsτand firms must focus on lowering their costs in order to avoid the Bertrand trap. 

With sufficient growth in demand and improvements in technology, the industry may avoid that fate.  

3. Supplier Power: Low/Medium. All four manufacturers have their largest manufacturing centers in Emerging 

Asia, where labor power is weak. The primary marginal production costs are in materials costs. 

a) Silicon-Based Technologies:  Low/Medium. SiliconΣ ǘƘŜ Ƴƻǎǘ ŀōǳƴŘŀƴǘ ŜƭŜƳŜƴǘ ƻƴ ǘƘŜ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜΣ is 

itself a commodity. In the long term, silicon production will follow silicon demand. Since silicon wafers 

used by one company can be used by any other, there is low asset specificity risk and thus low risk of the 

holdup problem. Therefore, the smaller transaction costs make buying preferred to making. Prior to the 

recession, due to the rapid rise of demand from the PV industry ǿƘƛŎƘ ƛǎ ǘƘŜ άonly major source of 

demaƴŘ ŦƻǊ ƳǳƭǘƛŎǊȅǎǘŀƭƭƛƴŜ ǿŀŦŜǊǎέ (LDK Solar), silicon prices skyrocketed, significantly squeezing solar 

ŦƛǊƳǎΩ margins. 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 in price directly translates to volatility in margins. 



However, as the unit need for silicon decreasesτthere is heavy research to reduce the thickness of silicon 

for PV cellsτthis will become a less volatile fraction of the total costs. 

b) Thin Film using CIGS/CdTe: Medium. It is estimated that around 800 metric tons of Tellurium are 

available per year
 
(CdTe Photovoltaics), which is only multiples more than FSLRΩǎ ǘƻǘŀƭ ŎƻƴǎǳƳǇǘƛƻƴΦ 

However, there has not been enough demand previously to justify the mining of Tellurium, so a sustained 

demand may lead to higher production. This supply constraint appears to be manageable given that FSLR 

was able to improve its margins despite the costs of Tellurium tripling through improvements in 

manufacturing overhead (Manufacturing Overhead (Not Materials) Essential to PV Profitability, 2010). 

c) Capital costs: The suppliers of solar equipment are much more concentrated because of the high fixed 

costs involved in producing such machinery. 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 the costs of polysilicon caused by a fundamental mismatch between supply and 

demand (See exhibit 16), which is expected to persist for many more years, companies that produce silicon-

based products are better off relative to FSLR, which relies on tellurium, which has much fewer uses and thus 

has a much higher asset specificityτsuppliers of tellurium may demand more in compensation for the risk. 

4. Buyer Power: Medium. Utilities buyers (Medium-low) typically are driven by government mandates to 

produce a certain fraction of energy from renewable sources. However, 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 buy renewable 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 them is so simple (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 loyaltyτalmost all buyers are first-

time buyers with no prior experience in the PV industry.  

5. Threat of substitutes (See exhibit 22): High. Utilities required to produce energy from renewable sources have 

numerous other options which are more attractive due to their centralized nature. In 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 more likely 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. 

t±Ωǎ Ƴŀƛƴ ŀŘǾŀƴǘŀƎŜ ƛǎ ƛƴ ǊŜǎƛŘŜƴǘƛŀƭ ŀƴŘ ŎƻƳƳŜǊŎƛŀƭ ǎŜƎƳŜƴǘǎΣ ǿƘŜǊŜ ǎƳŀƭƭŜǊ ǇǊƻƧŜŎǘǎ are easier to finance 

and more practical for individual households and firms to maintain. In addition, there are few other viable 

options for distributed power productionτPV solar is among the most attractive. 

Overall, the industry is unattractive for current 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 participation and 

cooperation in not only influencing the decisions of government bodies, but also the understanding and perception 

ƻŦ ǘƘŜ ƎŜƴŜǊŀƭ ǇƻǇǳƭŀŎŜΣ ǿƛƭƭ ōŜ ŎǊƛǘƛŎŀƭ ǘƻ ǘƘŜ ƛƴŘǳǎǘǊȅΩǎ ǎǳŎŎŜǎǎΦ 

There could also be greater cooperation on the development of technology, either through industry groups, joint 

ventures, or private-public partnerships, in order to speed up the pace of development, and hasten the journey to 

grid parity, when all firms can enjoy a much larger market. Currently, there are no standardization requirements 

for module and cell shapes, sizes, and performance metrics, which would aid the growth of the industryτ

comparable to the CD and DVD industries in their infancy. However, current players may be averse to it because it 

may further commoditize the market (since modules and cells would become interchangeable) (Exhibit 17). 

Strategic Group  (See exhibit 15)  and Mobility Barriers  

SPWRAΩǎ ǳƴƛǉǳŜ Ǉƻǎƛǘƛƻƴ ƛƴ ǘƘŜ ƳŀǊƪŜǘ ŀǎ ǘƘŜ ǘƻǇ ƳŀƴǳŦŀŎǘǳǊŜǊ ƻŦ ƘƛƎƘ-efficiency panels is protected by its 

intellectual properties. SPWRAΩǎ ǇŀƴŜƭǎ produce much 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 premiumτsuch as on roofs of densely-

packed buildings. Because of the high R&D requirements, the barrier between SPWRA and its competitors is 

extremely high. However, SPWRAΩǎ ǊŜǎǇƻƴǎŜ ǘƻ ƛƴŎǊŜŀǎŜŘ ƳŀǊƪŜǘ ŎƻƳǇŜǘƛǘƛƻƴ ŦǊƻƳ ƭƻǿ-priced competitors is a 

mistakeτinstead of taking advantage of their uncontested position as the producer of highest-efficiency 

commercial-grade panels, it introduced lower-efficiency (presumably less costly) panels (Exhibit 12). Not only does 

SPWRA have little experience in improving its cost structure through manufacturing, as opposed to technology (as it 

has to if it is to survive in the strategic group it wants to move into), but this entry into the άǘǊŀŘƛǘƛƻƴŀƭέ segment 

may dilute its brand. Customers may no longer associate the SPWRA brand with panels having the best conversion 

rates, and consequently be less willing to pay premium prices. It mitigates its lack of experience in the low-end 

market by sourcing modules from external suppliers (SunPower's New Product is Low Efficiency, 2010), but those 

suppliers and SPWRA may have conflicting interests. For example, they may be unwilling to sell to SPWRA at low 

price because they may sell it themselves.  

The moves by STP and TSL to increase their PV-cell efficiencies are incremental and represent efforts to improve 

cost (cost per watt) by deriving more power (watt) from their panels. They are not attempts to enter a new 

strategic group. In fact, it would be difficult for either to enter SPWRAΩǎ ƻǊ FSLRΩǎ ǎǘǊŀǘŜƎƛŎ ƎǊƻǳǇǎ ōŜŎŀǳǎŜ ǘƘŜȅ 

lack the technology to achieve SPWRAΩǎ ŎƻƴǾŜǊǎƛƻƴ ƭŜǾŜƭΣ ƻǊ FSLRΩǎ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ŎƻǎǘǎΦ 



Company Level 

Positioning and Value Creation   

¢ƘŜ ǎǘǊŀǘŜƎƛŎ ƎǊƻǳǇǎ ƛƴ ǘƘƛǎ ƛƴŘǳǎǘǊȅ ŀǊŜ ŀƭƛƎƴŜŘ ǿƛǘƘ ŜŀŎƘ ŦƛǊƳΩǎ ǇƻǎƛǘƛƻƴƛƴƎΦ For example, FSLR is positioned as the 

cost-leader in manufacturing solar products, and SPWRA is positioned as the technology leader in cell efficiency. 

Both have very lucrative segments of the marketτlow end and high endτbut SPWRAΩǎ ŜƴǘǊȅ ƛƴǘƻ ǘƘŜ ƳƛŘŘƭŜ ƻŦ 

the market is worrying, given its existing brand recognition for high-efficiency. Since SPWRAΩǎ ǇǊŜƳƛǳƳ ǇƻǎƛǘƛƻƴƛƴƎ 

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 technologies (c-Si and a-Si rather than 

CdTe). Since input costs are a majority of the marginal unit costs, the success of each technology depends on the 

ǎǳǇǇƭȅ ŎƻƴŘƛǘƛƻƴǎΦ /ǳǊǊŜƴǘƭȅΣ ǘƘŜ ǎǳǇǇƭȅ ŦƻǊ ǎƛƭƛŎƻƴ ƛǎ ƭƻƻƪƛƴƎ ƳǳŎƘ ƳƻǊŜ ŦŀǾƻǊŀōƭŜ ǘƘŀƴ ōŜŦƻǊŜΣ ǘƻ {¢t ŀƴŘ ¢{[Ωǎ 

advantage. They must entrench themselves as the low-cost silicon leader through cost reductions, R&D 

improvements, and economies of scale; otherwise they are very vulnerable to entry. Those aiming to achieve cost-

leadership through silicon technologies face much more competition from existing rivals and potential entrants. 

Boundaries of the Firm: Value/Vertical Chain  (See exhibit 18)  

Procurement  of Silicon Ingots and Wafers 

¢{[Ωǎ ŘŜŎƛǎƛƻƴ ǘƻ ǊŜƳŀƛƴ Ŧǳƭƭȅ ǾŜǊǘƛŎŀƭƭȅ-integrated when the asset specificity of silicon was high was proven to be 

an astute business decisionτwhen the solar PV market was still nascent and supply of solar-grade wafers limited, 

the asset specificity of such a product was high, so it made sense to produce it in-house. ¢{[Ωǎ ŎƘŀƴƎŜ ƻŦ ǎǘǊŀǘŜƎȅ 

to tapered integration after forecasting a collapse in silicon pricesτabandoning full integration and focusing on 

the higher-margin portion of the value chainτallows it to focus its R&D and manufacturing efforts on improving its 

solar cells and modules, while allowing it to benchmark its wafer/ingot production with the industry costs, 

reducing internal agency and influence costs. The in-house plants also give TSL negotiating leverage with suppliers. 

STPΩǎ strategy of άǾƛǊǘǳŀƭ ƛƴǘŜƎǊŀǘƛƻƴέ only doubles its risksτshould the supplier encounter problems, not only 

would its stake lose value, but also its supplies would be jeopardized. Instead, it can preserve the stability of long-

term agreements but reduce the risk of non-delivery by sourcing inputs from many more suppliers.  

Sales and Distribution  

SPWRA and FSLRΩǎ ŜƴǘǊȅ ƛƴǘƻ ǘƘŜ ǎŀƭŜǎ ŀƴŘ ŘƛǎǘǊƛōǳǘƛƻƴ ƘŀǾŜ Ƴŀƴȅ Ǌƛǎƪǎ ōǳǘ ŀƭǎƻ ǇƻǘŜƴǘƛŀƭ ōŜƴŜŦƛǘǎΦ CƻǊ ŜȄŀƳǇƭŜΣ ƛǘ 

may alienate distributors and may distract them from focusing on their core competencies, but will allow them to 

leverage their brand better and make them closer to the end-customers. As a consequence, they may be able to 

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



In contrast, because STP and TSL have less established brands, they are benefit from selling through distributors 

with knowledge of the market. It may also protect them from personal protectionismτAmerican customers may 

prefer American modules over Chinese ones, which is always a risk of Chinese exporters. Lƴ ŦŀŎǘΣ {¢tΩǎ ŘŜŎƛǎƛƻƴ ǘƻ 

build a plant in the United States may be an effort to mitigate that risk.  However, by going through distributors 

STP and TSL may lose the benefit of closeness with the end consumer. Ultimately, as they gain more share of 

markets like the United States and establish themselves as high-quality, low-cost suppliers of PV products, they 

may find it advantageous to move downstream and leverage their brand awareness. 

Research and Acquisition of Technology 

¢ƘŜ ōŀǎƛŎ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀǊŜ ǿƛŘŜǎǇǊŜŀŘΦ aǳŎƘ ƻŦ ǘƘŜ ōŀǎƛŎ wϧ5 ƛǎ ŘƻƴŜ ƛƴ ǇǳōƭƛŎ ƛƴǎǘƛǘǳǘƛƻƴǎΦ ²ƘŜǊŜ ŜŀŎƘ ŦƛǊƳǎΩ 

R&D departments add value is in making the technology viable for mass-production, lowering costs, materials use, 

and increasing reliability. Most firms do R&D in-house, but STP collaborates with universitiesτfor example, it is 

ŎƻƭƭŀōƻǊŀǘƛƴƎ ǿƛǘƘ άwith the Swinburne University of Technology in Australia to develop nanoplasmonic solar cells 

that are twice as efficient and run at half the cost of those currently availableέ (Suntech Power Holdings). 

Collaboration with universities allows STP to 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) 

9ŀŎƘ ŦƛǊƳΩǎ ōǳǎƛƴŜǎǎ-level strategy corresponds with its positioning. Since each firm is fairly focused (undiversified) 

on producing various grades of PV products (with various operations like R&D and ingot/wafer 

production/sourcing to support that main endeavor), it makes sense for the BLS to be aligned with the positioning 

of its products. 

SPWRAΩǎ ŎƻƴŦǳǎŜŘ ǇƻǎƛǘƛƻƴƛƴƎ ŀƭǎƻ ƭŜŀŘǎ ǘƻ ŀ ŎƻƴŦǳǎŜŘ business level strategy (BLS). Its attempt at coping with 

low-Ŏƻǎǘ ǊƛǾŀƭǎ ŦǊƻƳ /Ƙƛƴŀ ŀŦŦŜŎǘǎ ǘƘŜ ŦƛǊƳΩǎ ŦƻŎǳǎΦ Lǘǎ ƛƴƛǘƛŀƭ ǎǘǊŀǘŜƎȅ ƻŦ ŦƻŎǳǎŜŘ ŘƛŦŦŜǊŜƴǘƛŀǘƛƻƴ turns into a 

simultaneous attempt at stretching the SPWRA brand to symbolize both low-cost and high-differentiation, 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 razor-thin margins. 

FSLR has been successful with its cost-leadership 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 low-cost leader, it must continue lowering costsτthe amount of materials used, manufacturing overhead, 

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

STPΩs ŀƴŘ ¢{[Ωǎ integrated cost-leadership strategy is not well protected in a commoditized and global marketτ

this is the strategy that many companies (especially those in China) pursue. The number of rivals with this BLS will 

severely limit profitability. 



Corporate Level Strategy and Diversification (Relatedness)  

All four firms are Single Businesses--they all focus exclusively on PV products or products and services in support 

of that (wafers/ingots and inverters/installation). Because of how quickly the industry is changing, focusing 

exclusively on the single business and its support businesses is necessary for 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 contrast to more 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 otherτthe set of technologies and manufacturing 

ŜŦŦƛŎƛŜƴŎƛŜǎ ǳƴŘŜǊ ŜŀŎƘ ŦƛǊƳΩǎ ǇƻǎǎŜǎǎƛƻƴτalso protect individual firms. One of the major resources that protect 

each company is the capabilities of the leadership (See exhibit 9). STPΩǎ /9hκ/ƘŀƛǊƳŀƴ Zhengrong ShiΩǎ ōŀŎƪƎǊƻǳƴŘ 

ƛƴ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎƛŜǎ ŀƴŘ ŜƴƎƛƴŜŜǊƛƴƎ ƎƛǾŜǎ ƘƛƳ ǘƘŜ ǇŜǊǎƻƴŀƭ ŀōƛƭƛǘȅ ŀƴŘ ƳƻǘƛǾŀǘƛƻƴ ǘƻ ŀŘǾŀƴŎŜ Ƙƛǎ ŎƻƳǇŀƴȅΩǎ t± 

technology and, through STPΩǎ ǇŀǊǘƴŜǊǎƘƛǇ ǿƛǘƘ ǳƴƛǾŜǊǎƛǘƛŜǎΣ ǘƘŀǘ ƻŦ ǘƘŜ ǿƻǊƭŘΦ {ƛƳƛƭŀǊƭȅΣ ¢{[Ωǎ /9h ƘŀŘ ŀƴ ŀǎǘǳǘŜ 

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 its Chinese competitors who are spoiled by the fixed/predictable Dollar-Yuan exchange rateτand 

hence did not have the foresight to protect themselves against volatilities in the Euro-zone, FSLR demonstrated its 

experience with the global marketsτand managing volatile economic landscapesτthrough its hedging activities. It 

realized the level of its exposure 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 term (First Solar to Outperform Suntech as Euro Falls, 2010). 

FSLR CEO Robert GilletteΩǎ ǘŜƴǳǊŜ as the President and CEO of global Honeywell Aerospace proved advantageous. 

In an exponentially-growing and volatile global industry, astute management ƛǎ ŎǊƛǘƛŎŀƭΦ DƛƭƭŜǘǘŜΩǎ ōǳǎƛƴŜǎǎ 

background contrasts with ½ƘŜƴƎǊƻƴƎΩǎ ǘŜŎƘƴƛŎŀƭ ōŀŎƪƎǊƻǳƴŘΦ ¢ƘŜƛǊ Ǝƻŀƭǎ ŀǊŜ ŜȄǇǊŜǎǎŜŘ ŘƛŦŦŜǊŜƴǘƭȅτlowering cost 

per watt versus increasing cell efficiency, but both achieve the same effect. Ultimately, it may be the business skills 

ǘƘŀǘ ǇǊƻǾŜ ŎǊƛǘƛŎŀƭ ǘƻ ǘƘŜ ŦƛǊƳΩǎ ǎǳŎŎŜǎǎΣ ŀƴŘ ƛƴ ǘƘŀǘ ƭƛƎƘǘ FSLR has the advantage (See exhibit 21.2). 

Each firm has resources that are difficult to imitate (see isolating mechanisms), including competent management 

and technology patents, but the core competencies of each firm are not well defined. In a hyper-competitive 

industry like this, no resources wiƭƭ ǇǊŜǎŜǊǾŜ ŀ ŦƛǊƳΩǎ ǇǊƻŦƛǘŀōƛƭƛǘȅ ŦƻǊŜǾŜǊΦ 9ŀŎƘ ŦƛǊƳ Ƴǳǎǘ make innovation a 

routine in order to remain competitive against rivals and entrants. As evolutionary economics tells us, that these 

firms survived and thrived proves that their routines are conducive to adapting and innovating, which is valuable, 



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

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 departments, working together to reduce 

costs and improve performance. In contrast, FSLR and SPWRA are now much closer to their customers and offer a 

more complete experience directly to their customers, such as financing. 

Ultimately, because of how quickly the industry is changing, a rigid activity system is difficult to develop. In fact, 

because of the pace of the industry, a dynamic collaboration between R&D, manufacturing, marketing and 

distribution is necessary to give the company direction. For example, {t²w!Ωǎ initial focus on quality manifested in 

superb R&D, high quality manufacturing, success positioning, and a network of distributors to pass on that 

information. Unfortunately, its deviation from that greatly detracts from its focus and fit .  

Conclusion  

All four companies have the potential to achieve grid parity. However, there are many risks along the way (Exhibit 

23), especially in the near-term as governments cut their subsidies in the middle of a supply glut. Since the industry 

is still in its infancy, the primary riskτshared by all four companiesτis entry by newcomers like Nanosolar with 

disruptive technologies. The current leaders must establish large economies of scale and continue to innovate in 

order to avoid the predictable fate: άǘƘŜǊŜ ǿƛƭƭ ōŜ ǿƛŘŜǎǇǊŜŀŘ ŎƻƳǇŀƴȅ ŦŀƛƭǳǊŜǎ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ valuŜ ŎƘŀƛƴέ (Solar 

Industry to Hit US $77B in 2015, 2010). Whichever company reaches grid parity first without government support 

will see virtually limitless demandτthe incentives to innovate are huge. With the cost of coal plants estimated at 

$2.1/watt (not including fuel and possibly emissions) (Start-Up Sells Solar Panels at Lower-Than-Usual Cost , 2007) 

and PV utilization rising above 20% (Exhibit 8), it will not be long before a company gets there. 

However, technology is not the only way there. In fact, it may be established firms in the technology industry, with 

decades of experience in managing firms in a high-volume-and-turnover industry, who can best exploit the growth 

(exhibit 21.5), ultimately transforming the industry into a low-margin/high volume industry like the PC industry. At 

the present, however, there are many opportunities for firms to exploit through increased cooperation and 

technical partnerships. The most important one to pursue is building political support through the industry trade 

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

Ultimately, if the current trends at convergence (see Strategic Groups) continue, the industry as a whole may 

reach grid parity sooner, but at the cost of differentiation. There will be numerous firms ready to supply what may 

ōŜŎƻƳŜ ŎƻƳƳƻŘƛǘȅ ǘŜŎƘƴƻƭƻƎƛŜǎΣ ǿƘƛŎƘ ǿƛƭƭ ŜǊƻŘŜ ǘƘŜ ƛƴŘǳǎǘǊȅΩǎ ŜŎƻƴƻƳƛŎ ǇǊƻŦƛǘǎΦ {ƘƻǳƭŘ ǘƘŀǘ ƘŀǇǇŜƴΣ ƛǘ Ƴŀȅ ōŜ 

suppliers of key equipment like AMAT that win, with the firms being the PV equivalent of Dell and HP. 



Exhibit  

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

China 

There were talks of feed-in tariffs around the Copenhagen talks, but such talks have subsided. 

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

and $4.4b of credit from a state-run bank. 

Germany 

Historically the biggest solar market (despite the unattractive geographic location for solar) due to its feed-in tariffs 

(which were set to decrease at a fixed rate annually), the market is jeopardized by the cuts to the FITsτa 10% cut 

in January 2010. ά! ŘǊŀŦǘ ǇƛŜŎŜ ƻŦ ƭŜƎƛǎƭŀǘƛƻƴ ǇǊƻǇƻǎŜǎ ŎǳǘǘƛƴƎ мр҈ ƻŦ ŎǳǊǊŜƴǘ ǎǳōǎƛŘƛŜǎ ŦƻǊ ǊƻƻŦǘƻǇ ǇŀƴŜƭǎ ŀƴŘ ŀ 

ǘƻǘŀƭ Ŏǳǘ ŦƻǊ ŎƻƴǾŜǊǘŜŘ ŦŀǊƳƭŀƴŘΦ LŦ ǇŀǎǎŜŘΣ ǘƘŜ ǊŜŘǳŎǘƛƻƴǎ ǿƻǳƭŘ Ǝƻ ƛƴǘƻ ŜŦŦŜŎǘ ŀǘ ǘƘŜ ǎǘŀǊǘ ƻŦ WǳƭȅΦέ
1
 

Spain 

It suddenly burst into the world PV market in 2007 with a feed-in tariff program, which triggered two gigawatts to 

be installed, but due to mounting budget problems, has significantly cut back on subsidies (The Rise of Solar, 

2010). 

Ontario, Canada2 

tǊƻŘǳŎŜǊǎ ƻŦ t± ǇǊƻŘǳŎǘǎ ǿƛǘƘ άсл҈ ƻŦ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ Χ ŘƻƴŜ ƛƴ ǘƘŜ ǇǊƻǾƛƴŎŜέ Ƴŀȅ ōŜƴŜŦƛǘ ŦǊƻƳ CL¢ǎΦ 

USA 

! ǇŜǊƪ ǘƘŀǘ άŀƭƭƻǿǎ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ŘŜǾŜƭƻǇŜǊǎ ǘƻ ƎŜǘ ŀ ŎŀǎƘ ƎǊŀƴǘ ƻŦ ол҈ ƻŦ ǘƘŜ Ŏƻǎǘ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘέ ƛǎ ŜȄǇƛǊƛƴƎ 

in December of 2010.
3
 

The California Solar Initiative, started in 2007, has been credited with making California the largest market for solar 

in the United States. Currently there is an average rebate of $3300. When it got started, just 2% of modules were 

Chinese, versus 46% in the 4
th

 quarter of 2009 according to the Economist. 

Lƴ aƛŀƳƛΣ άƘƻƳŜƻǿƴŜǊǎ ŀǊŜ ƎǊŀƴǘŜŘ ŀ ǊŜōŀǘŜ ŦǊƻƳ ǘƘŜ ǎǘŀǘŜ ƎƻǾŜǊƴƳŜƴǘ ƻŦ ϷмлΣлллΣ on average, for using solar 

ǇƻǿŜǊΦέ
 4
 

                                                                 
1
 http://www.forbes.com/2010/02/23/solar-power-subsidies-markets-equities-germany.html 

2
 http://www.forbes.com/2010/04/09/suntech-trina-china-technology-ecotech-solar.html 

3
 http://www.forbes.com/2010/02/26/solar-panel-costs-technology-ecotech-suntech.html 

4
 http://www.forbes.com/2009/09/24/home-solar-power-lifestyle-real-estate-solar-panels.html 



The city of Berkeley created a solar financing program that allows solar installations to be paid via an annual 

άǎǇŜŎƛŀƭ ǘŀȄέ ƻƴ ǘƘŜ ƘƻƳŜƻǿƴŜǊΩǎ ǇǊƻǇŜǊǘȅ ǘŀȄΦ
5
 

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

refer to the PEW Clean Energy Factbook.
6
 

Exhibit 2: Government Commitments  and Goals 

Europe 

άbƻǿ ǘƘŀǘ ǘƘŜ ǇƻƭƛǘƛŎŀƭ ŎƻƳƳƛǘƳŜƴǘǎ ōȅ 9¦ ƭŜŀŘŜǊǎ ǘƻ ŀŎƘƛŜǾŜ ŀ нл҈ ǎƘŀǊŜ ƻŦ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǳǎŜ ōȅ нлнл ƘŀǾŜ 

been translated into binding targets for individual member states, a debate is heating up in Brussels about how, 

and if, the targets can actually be met. ά όCŜō нллуύ (20% renewables by 2020: is it possible?, 2008) 

 Germany 

άDŜǊƳŀƴȅ ǎǘƛƭƭ ǿŀƴǘǎ ǘƻ ƎǊƻǿ ƛǘǎ ƛƴǎǘŀƭƭŜŘ ǎƻƭŀǊ ǇƻǿŜǊ ōŀǎŜ ŦǊƻƳ ф ƎƛƎŀǿŀǘǘǎ ǘƘƛǎ ȅŜŀǊ ǘƻ сс ōȅ нлолέ (Subsidy Cuts 

Slap Solar, 2010) 

USA 

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

State Level Renewable Energy Usage Targetsi 

State Target Percentage Target Year 

AZ 15% 2025 

CA 20% 2017 

CO 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 

                                                                 
5
 http://www.ci.berkeley.ca.us/ContentDisplay.aspx?id=26580 

6
 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 

άbŀǘƛƻƴǿƛŘŜΣ /Ƙƛƴŀ Ǉƭŀƴǎ нл Ǝǿ ƻŦ ǎƻƭŀǊ ōȅ нлнлΦ ! ǉǳŀǊǘŜǊ ƻŦ ǘƘŀǘ ǿƛƭƭ ƭƛƪŜƭȅ ōŜ ōǳƛƭǘ ƛƴ LƴƴŜǊ aƻƴƎƻƭƛŀέ (China's 

Plan To Rule The Sun, 2009) 

άLong-term energy strategy has been shaped by the government's central 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 number is primarily 

due to its massive hydropower infrastructure. China hopes to source 10% of its total energy consumption from 

renewable energy sources by 2010, with 1р҈ ǎŜǘ ŦƻǊ нлнл ŀƴŘ ол҈ ōȅ нлрлέ (Fast Facts China). 

Exhibit 3: Photo-Voltaic (PV) Vertical  Chain7 

¶ STP, SPWRA, FSLR operate in the highlighted portion of the supply chain (C), transforming silicon ingots 

and wafers into solar cells, then combining them into modules. 

¶ In addition to (C), TSL also produces its own ingots and wafers 

¶ Companies like Applied Materials (AMAT) produce equipment that transforms A to B and B to C. 

¶ [5Y ǘǳǊƴǎ άǇƻƭȅǎƛƭƛŎƻƴ ŦŜŜŘǎǘƻŎƪǎ ŦǊƻƳ ǎƛƭƛŎƻƴ ǇǊƻŘǳŎŜǊǎ ŀƴŘ ǊŜŦƛƴŜǊǎέ ƭƛƪŜ a9a/ ƛƴǘƻ άƳǳƭǘƛŎǊȅǎǘŀƭƭƛƴŜ 

blocks, and either sells them to other wafer manufacturers or produces its own wafers to sell to solar 

ǇŀƴŜƭ ǇǊƻŘǳŎŜǊǎΦέ
8
 

¶ JASO turns wafers (B) into cells (first phase of C). This phase requires the most PV technology. 

¶ For more information on the complete process by which quartz sand is transformed into a PV system, 

ǊŜŦŜǊ ǘƻ ¢{[Ωǎ ŀǊǘƛŎƭŜ ƻƴ ǾŜǊǘƛŎŀƭ ƛƴǘŜƎǊŀǘƛƻƴΦ
9
 

                                                                 
7
 http://www.suntech-power.com/index.php?option=com_content&view=article&id=46&Itemid=54&lang=en 

8
 http://www.wikinvest.com/stock/LDK_Solar_%28LDK%29 

9
 http://www.trinasolar.com/vertical_integration.php 



 

Exhibit 4: Prevailing PV Technologies  

There are three basic means to PV power generation. 

1. Crystalline Silicon (C-Si): first developed by Bell Labs in the 1950s, and is the most widely used today. 

SPWRA manufactures poly-crystalline silicon-based cells, and STP produces both kinds. There are two 

types: 

a. Mono-crystalline silicon is harder to manufacture but are more efficient 

b. Poly-crystalline silicon is easier to manufacture but  

2. Thin-Film: 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 manufacture όάǿŜƭƭ ǎǳƛǘŜŘ ŦƻǊ Ƴŀǎǎ ǇǊƻŘǳŎǘƛƻƴέύ and is 

used by First Solar 

b. Copper Indium Gallium Diselenide (CIGS) 

c. Amorphous Silicon (a-Si), which is inexpensive and low-efficiency and is used by STP for building-

integrated cells (where there is little premium for size or area). 

3. Multi-Junction: Much more efficient, 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 Energy Industries Association).
10

 

Exhibit  5: Industry Conversion Efficiencies  and Technologies 11 

Manufacturer  Conversion Efficiency  

SPWRA (Polysilicon)  23.4%  

Suntech Power Holdings (Polysilicon)  18%  

                                                                 
10

 http://www.seia.org/galleries/FactSheets/Factsheet_PV.pdf 
11

 http://www.wikinvest.com/wiki/JA_Solar_Holdings 

A B C D E 



Sharp (Polysilicon)  13% 

Solarfun (Polysilicon)  17.2%  

JA Solar Holdings (Monosilicon)  17.7%  

Trina Solar (Mono & Polysilicon)  16.6%  

Evergreen Solar (String Ribbon)  15%  

First Solar (CdTe Thin Film)  10.5%  

Exhibit 6: History of Research -level Efficiency Advancements ( NREL) 

 



Exhibit 7: Manufacturing Costs 

Suntech Power (STP) Non-Silicon Manufacturing Costs 12 

Includes all manufacturing costs (non-silicon materials, processing and depreciation). Excludes share based 

compensation and freight.

 

First Solar (FSLR) Manufacturing Costs  

First Solar can manufacture modules at $0.87/watt. 

Exhibit 8: Translation of Power and Energy Produced  

Each watt of PV capacity (AC) operates on average at 10-20% of stated capacity. In New York, one kilowatt of 

capacity translates to a total output of 1,000-1,300 kilowatt-hours of electricity in a year
13

, which is an 11.4%-

14.8% utilization rate. Some factors that influence utilization rate include: 

¶ Length of day (latitude) 

¶ Strength of sunlight 

¶ Weatherτclouds, fog, rain, snow, hail 

¶ Angle of sun and panel 

¶ Cleanliness of panels 

Therefore, a system rated at 1 kilowatt produces (on average) the equivalent of 0.11-0.15 kilowatt of traditional 

sources of power (coal, oil, gas) in 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 gigawatt-hours of electricity a year
14

, which 

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

                                                                 
12

 http://phx.corporate-
ir.net/External.File?item=UGFyZW50SUQ9MzcxNjM3fENoaWxkSUQ9MzY4Nzc1fFR5cGU9MQ==&t=1 
13

 http://www.powernaturally.org/about/faqs.asp 
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Since production is measured in MWs and efficiency is measured in percentages, an efficiency increase from 15% 

to 20% (a 33% improvement), combined with an equivalent level of manufacturing costs, would result in a per-

watt cost reduction of 25%.  

 

Exhibit 9: Leadership/ Management  Profiles  

¶ Suntech Power (STP): http://phx.corporate-ir.net/phoenix.zhtml?c=192654&p=irol-govmanage 

¶ First Solar (FSLR): http://www.firstsolar.com/en/leadership.php 

¶ Trina Solar (TSL): http://www.trinasolar.com/our_team.php 

¶ SPWRA (SPWRA): http://investors.SPWRAcorp.com/management.cfm 

Exhibit 10: Trends in PV Industry  

1. Greater focus on thin-film: άƛƴ ŜŀǊƭȅ нллу ǊŜǎŜŀǊŎƘŜǊǎ ŀǘ ǘƘŜ ¦Φ{Φ bŀǘƛƻƴŀƭ wŜƴŜǿŀōƭŜ 9ƴŜǊƎȅ [ŀōƻǊŀǘƻǊȅ 

set a new record at 19.9 percent efficient, close to commercial levels for conventional cells. Because of 

the potential for dramatic cost reduction, many researchers view thin films as the future of solarΦέ
 15

 

a. Advantages: 

i. Requires no silicon, so is not subject to volatile silicon input market. 

ii. Cheaper to produce 

iii. Better performance in low-light conditions 

b. Disadvantages: 

i. Current technologies are not as efficient as traditional silicon technology 

ii. Require more surface area for given amount of power 

2. Greater economies of scale and accelerated learning: Large manufacturers are deriving efficiencies from 

increasing output and demand. 

3. Rising conversion efficiencies: Improvement in efficiency across the sector (thin-film and traditional) due 

to heavy R&D. 

4. More efficient polysilicon use: In traditional cells, less polysilicon is used in production, reducing the 

dependence of the industry on volatile silicon prices. In the future, the thinner (the silicon layer), the 

better. 

5. Falling average selling prices (ASP): Greater capacity and relaxed government subsidies in Europe are 

contributing to falling prices. ά{ƛƴŎŜ ƳƛŘ-2008, panel prices have tumbled about 40 percent, by several 
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estimates. Solar companies now have to deal with a world in which their customers see photovoltaic 

panels as commodities, widely available and increasingly inexpensive.έ
16

 

Exhibit 11: Current Innovations in PV Technology 17 

From the World Watch Institute, May 2008: 

¶ German researchers have developed a prototype solar module that uses organic dyes combined with 

nanoparticles, applied to glass with a screen printing technique, to generate electricity. 

¶ Konarka Technologies successfully conducted its first demonstration of manufacturing PV cells with ink-

jet printing in early 2008. 

¶ Companies in the United States and Europe are exploring ways to turn road surfaces into solar power 

generators. 

Exhibit 12: Timeline of Events in the PV Industry  

1. άwŜǎŜŀǊŎƘ ƛƴ /Ř¢Ŝ ŘŀǘŜǎ ōŀŎƪ ǘƻ ǘƘŜ мфрлǎέ ό²ƛƪƛǇŜŘƛŀύ 

2. 1954: Bell Labs introduced the first usable solar PV device
18

 

3. aŀȅ нллтΥ ά/ƻƴǎǘǊǳŎǘƛƻƴ ōŜƎƛƴǎ ƻƴ ŀ рлa² ǘƘƛƴ ŦƛƭƳ wϧ5 ŀƴŘ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ŦŀŎƛƭƛǘȅ ƛƴ {ƘŀƴƎƘŀƛΣ /Ƙƛƴŀ 

ǿƛǘƘ ŜȄǇŜŎǘŜŘ ƻǇŜǊŀǘƛƻƴ ƛƴ нллуέ
19

 

4. June 2007: Hoku Materials (a subsidiary of Hoku Scientific) and Suntech sign a ten-year $678mm 

polysilicon contract beginning in mid-2009.
20

 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. DecembŜǊ нллтΥ ά{ǳƴǘŜŎƘ ǊŜŎŜƛǾŜǎ 9ȄǇƻǊǘ LƴǎǇŜŎǘƛƻƴ 9ȄŜƳǇǘƛƻƴ ŦǊƻƳ /Ƙƛƴŀϥǎ bŀǘƛƻƴŀƭ vǳŀƭƛǘȅ 

!ŘƳƛƴƛǎǘǊŀǘƛƻƴΣ ǘƘŜ ƻƴƭȅ /ƘƛƴŜǎŜ ǎƻƭŀǊ ŎƻƳǇŀƴȅ ǘƻ ƘŀǾŜ ǊŜŎŜƛǾŜŘ ǘƘƛǎ ƴŀǘƛƻƴŀƭ ƘƻƴƻǊέ 

6. February 2008: STP makes a 12% investment in HOKU 

7. May 2008: SPWRA plans to build a 1 GW fabrication plant in Malaysia
21

 

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.
22

 

9. October 2008: First Solar invests $25mm SolarCity, which offers a solar panel leasing program, a financing 

option to help consumers tackle high upfront costs. (First Solar buys into leasing firm SolarCity, 2008) 

10. November 2008: Suntech cuts capacity expansion/CapEx for 2009
23

 

                                                                 
16

 http://articles.sfgate.com/2010-04-17/business/20853664_1_solar-power-SPWRA-solar-companies 
17

 http://www.worldwatch.org/node/5449 
18

 http://w ww.seia.org/cs/solar_technology_and_products/solar_electric_photovoltaic 
19

 http://www.suntech-power.com/index.php?option=com_content&view=article&id=81&Itemid=80&lang=en 
20

 http://hoku.client.shareholder.com/releasedetail.cfm?ReleaseID=249015 
21

 http://www.pv -tech.org/news/_a/SPWRA_to_build_1gw_scale_fab_in_malaysia/ 
22

 http://www.pv -tech.org/news/_a/trina_solar_shifts_manufacturing_strategy/ 



11. March 2009: First Solar acquires a pipeline of utility-scale projects in development and negotiation from 

OptiSolar for $400mm. (First Solar buys OptiSolar's pipeline of projects for $400M, 2009) 

12. aŀǊŎƘ нллфΥ άSuntech announced plans to establish a manufacturing base in the U.S. as part of its 

strategy to create a long-term presence within the U.S.έ
24

 

13. August 2009: Suntech changes thin film (a-Si) strategy to focus on BIPV because of falling silicon prices.
25

 

14. {ŜǇǘŜƳōŜǊ нллфΥ LƴƴƻǾŀƭƛƎƘǘ ŀƴŘ W! {ƻƭŀǊ ŀƴƴƻǳƴŎŜŘ ŀ ǇŀǊǘƴŜǊǎƘƛǇ ǘƻ ǇǊƻŘǳŎŜ άǎƛƭƛŎƻƴ ƛƴƪέ solar cells, 

which demonstrated an 18% efficiency.
26

 

15. September 2009: First Solar announced a 10-year, $6b, 2 gigawatt project in Inner Mongolia.
27

 

16. October 2009: Suntech announces entry into the utility market with the Reliathon.
28

 

17. November 2009: SPWRA trips on accounting issues that over-reported income for at least the past year.
29

 

18. WŀƴǳŀǊȅ нлмлΥ CƛǊǎǘ {ƻƭŀǊΩǎ Ŏƻǎǘ ǇŜǊ ǿŀǘǘ ǊŜŀŎƘŜǎ у7 cents, and Nanosolar reaches 16.4% efficiency
30

. 

bŀƴƻǎƻƭŀǊ ƛǎ άǇŀǎǘ ώƛǘǎϐ wϧ5έ ŀƴŘ ǿƛƭƭ ŦƻŎǳǎ ƻƴ ŜȄǇŀƴŘƛƴƎ Ƴŀnufacturing scaling up capacity to meet 

market demand. !ǘ ǘƘŜ ǎŀƳŜ ǘƛƳŜΣ DŜǊƳŀƴȅΩǎ ǎǳōǎƛŘȅ ŦƻǊ ǎƻƭŀǊ ǿŀǎ Ŏǳǘ ōȅ мл҈Φ
31

 

19. March 2010: MEMC decides to ƳƻǾŜ Řƻǿƴ ǘƘŜ ǎǳǇǇƭȅ ŎƘŀƛƴ όά¢ƘŜ ŎƻƳǇŀƴȅ ƛǎ ōǳƛƭŘƛƴƎ ŀ ǎƻƭŀǊ ǿŀŦŜǊ Ǉƭŀƴǘ 

ƛƴ aŀƭŀȅǎƛŀΣ ǿƘƛŎƘ ǿƛƭƭ ŎƻƳǇŜǘŜ ǿƛǘƘ ƻǘƘŜǊ ŎƘŜŀǇ !ǎƛŀƴ ǇǊƻŘǳŎŜǊǎέύ
32

 

20. March 2010: New chief is hired at Nanosolar, signaling the change from R&D focus to a 

business/production focus.
33

 

21. March 2010: AMAT announced a renewable-energy research lab in Xian, China.
34

 

22. March 2010: SPWRA acquired SunRay Renewable Energy. 

23. April 2010: First Solar extends its share of the solar-utility market by acquiring NextLight Renewable 

tƻǿŜǊ όάƭŜŀŘƛƴƎ ŘŜǾŜƭƻǇŜǊ of utility scale solar projects in south-ǿŜǎǘŜǊƴ ¦{έύ (First Solar Agrees to 

Acquire Nextlight Renewable Power LLC, 2010) 

24. April 2010: TSL announced a new module focused on the utility segment (Trina Solar Introduces Powerful 

Utility Scale Solar Module, 2010) 

25. May 2010: SPWRA announces new, lower-efficiency solar panels while touting the ǇŀƴŜƭΩǎ 

άǳƴǇǊŜŎŜŘŜƴǘŜŘ ŜŦŦƛŎƛŜƴŎȅ ƻŦ мфΦр ǇŜǊŎŜƴǘ."
35
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Exhibit 13: Production Capacities  and Shipment  (Where available )36 

 

Exhibit 14: PV Price per Watt, Industry Performance 37 
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Exhibit 15: Strategic Groups  

  

Exhibit 16: Global Poly -silicon Supply and Demand  

 

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 asset-specificity risk. Additionally, focusing on one size and 
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shape can allow wafer manufacturers to reap greater economies of scale. Both reducing asset-specificity 

and costs will allow PV cell manufacturers to obtain wafers on more attractive terms. 

2. {ǘŀƴŘŀǊŘƛȊƛƴƎ ƳƻŘǳƭŜ ǎƛȊŜǎ ƎǊŜŀǘƭȅ ǊŜŘǳŎŜǎ ǘƘŜ άǎƘƻǇǇƛƴƎ Ŏƻǎǘǎέ όά5ƻŜǎ ǘƘƛǎ Ŧƛǘ ƻƴ Ƴȅ ǊƻƻŦΚέύ ŀƴŘ 

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 be partially 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 contribute to a virtuous cycle of increasingly-competitive 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 module manufacturers, and thus consumers may 

become more sensitive to price as 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 quickly be integrated into the industry, thus increasing threat from entrants in the industry. 

4. Comparability will make the industry more commoditized, and firms may be narrow-minded in their 

focusτthere may be other metrics that are important that are omitted from standards specifications. 

Exhibit 18: Boundaries of Firms  

Procurement  of Silicon Ingots and Wafers  

TSL at its inception was a vertically-integrated firm that produced all of the wafers and ingots it needed (See 

exhibit 13), with the goal of controlling 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 and there were very few firms ready to supply that. By late 

2007, it was even considering making polysilicon in-house.  

However, in early 2008 when immense supplies of solar-grade silicon production came online, TSL decided to 

abandon its full integration plan, instead making long-term market purchases to supplement its current production 

of wafers. 

In contrast to TSL, STP relies on long-term contracts with suppliers for silicon, allowing it to focus all of its R&D 

efforts on improving its PV cell technology. HoǿŜǾŜǊΣ ƛǘ ŘƻŜǎƴΩǘ Ŧǳƭƭȅ ǊŜƭȅ ƻƴ ǘƘŜ ƻǇŜƴ ƳŀǊƪŜǘΦ hŦǘŜƴΣ as part of the 

ǎǘǊŀǘŜƎȅ ƻŦ άǾƛǊǘǳŀƭ ƛƴǘŜƎǊŀǘƛƻƴέΣ it acquires stakes in its suppliers (like $20mm in Hoku Scientific, $100mm in Nitol 



Solar, and various amounts in Shunda and Glory SIlicon) to ensure the delivery of its goods (Suntech Power Guides 

2010 Capacity Target, 2008). 

Sales, Distribution and Systems Integration  

First Solar and SPWRA are 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 

ǊŜǎƛŘŜƴǘƛŀƭ ŀƴŘ ŎƻƳƳŜǊŎƛŀƭ ŎǳǎǘƻƳŜǊǎ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎΣ ŀƴŘ ŀŎǉǳƛǊŜŘ hǇǘƛ{ƻƭŀǊΩǎ ǳǘƛƭƛǘƛŜǎ ǇƛǇŜƭƛƴŜ ŦǳƭƭȅΣ ǘƘǳǎ 

managing its own distribution and sales. SPWRA traditionally sells through authorized dealers, but recently it 

bought SunRay so it can have access to its development pipeline of 1.2 GW (SunRay Operations). 

SPWRA also sells system integration solutions, including inverters. 

TSL sells through distributors who take care of installation and maintenance (TrinaSolar Distributors). Suntech also 

sells through separate distributors. 

Exhibit 19: Positioning and Business Level Strategy  

Suntech and TSL follow an integrated cost-leadership strategy (See Exhibit 21.1). Instead of simply offering the 

ƭƻǿŜǎǘ Ŏƻǎǘ ƻǊ ǘƘŜ ōŜǎǘ ǇŜǊŦƻǊƳŀƴŎŜΣ ǘƘŜȅ ŦƻŎǳǎ ƻƴ ƻŦŦŜǊƛƴƎ ǘƘŜ ōŜǎǘ άǾŀƭǳŜέτtheir performance do not match 

SPWRAΩǎΣ ƴƻǊ Řƻ ǘƘŜƛǊ Ŏƻǎǘǎ ƳŀǘŎƘ CƛǊǎǘ {ƻƭŀǊΩǎΣ ōǳǘ ǘƘŜȅ ƻŦŦŜǊ ŀ ƎƻƻŘ ŎƻƳǇǊƻƳƛǎŜ ōŜǘǿŜŜƴ ǇŜǊŦƻǊƳŀƴŎŜ ŀƴŘ ŎƻǎǘΦ 

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), occasion of use, and geographic area.  

1. Utilities Segment: The source of bulk orders of tens to hundreds of mega-watts each, this segment is 

extremely lucrative, especially in regions where utilities are required to derive a certain fraction of their 

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

ǘƘŜ ǎŜƭƭƛƴƎ Ǉƻƛƴǘ ƛǎ ǿŀǘǘǎ ǇŜǊ ŘƻƭƭŀǊΤ ƛǘ ŘƻŜǎƴΩǘ ƳŀǘǘŜǊ ǘƘŀǘ ǘƘƛƴ ŦƛƭƳ ǎƻƭŀǊ ŎŜƭƭǎ ŀǊŜ ƭŜǎǎ ŜŦŦƛŎƛŜƴǘ όŀƴŘ ǘƘǳǎ 

take up more space) because they are much less costly. For 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 

ό{ŜŜ ŜȄƘƛōƛǘ мнύΣ ŀƴŘ ōŜŎŀǳǎŜ ƭŀƴŘ ƛǎ ŀōǳƴŘŀƴǘ ƛƴ ǘƘŜ aƻƴƎƻƭƛŀƴ ŘŜǎŜǊǘΦ Lƴ ŎƻƴǘǊŀǎǘ ǘƻ CƛǊǎǘ {ƻƭŀǊΩǎ 

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

ŜƴǘǊȅ ƛƴǘƻ ǘƘŜ ǳǘƛƭƛǘƛŜǎ ƳŀǊƪŜǘ ǿƛǘƘ ǘƘŜ άwŜƭƛŀǘƘƻƴέ ǇǊƻŘǳŎǘΣ ǿƘƛŎƘ ǇǊƻƳƛǎŜǎ ƳǳŎƘ ƘƛƎƘŜǊ ŜŦŦƛŎƛŜƴŎƛŜǎΣ 

warrantied for 25 years by Suntech.  

2. CommerŎƛŀƭ ŀƴŘ wŜǎƛŘŜƴǘƛŀƭ {ŜƎƳŜƴǘǎΥ ¢Ƙƛǎ ǎŜƎƳŜƴǘΩǎ ŘŜƳŀƴŘ ŦƻǊ t± ǇǊƻŘǳŎǘǎ ƛǎƴΩǘ ōŜŎŀǳǎŜ ƻŦ 

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

ǘƻ ǇǊƻƧŜŎǘ ŀ άDǊŜŜƴέ ƛƳŀƎŜ ƻŦ ŀ ŎƻƳǇŀƴȅ ƻǊ ƘƻƳŜƻǿƴŜǊΣ ƻǊ ōŜŎŀǳǎŜ ƛǘ makes economic sense. With FITs 



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

effective.  

Exhibit 21: Miscellaneous Quotes  

1. άSuntech has 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 marketέ (Suntech Power Holdings). 

2. άVan 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 took off. ΨThe big breakthroughs have yet to 

come,Ω said Van Scoter, adding that the conjoining of factors and mega-trends, from government policy, 

to energy security, to utility movements toward renewables, Ψall are coming together.Ωέ (A New Chief 

Takes Over at Nanosolar, 2010) 

3. άCƻǊ ǘƘŜ ƳƻƳŜƴǘ ǘƘŜǊŜ ǿƻǳƭŘ ōŜ no significant market for solar cells were it not for government 

ǎǳōǎƛŘƛŜǎέ (The Rise of Solar, 2010) 

4. ά¢ǿƻ ōƛƭƭƛƻƴ ǇŜƻǇƭŜ ƛƴ ǘƘŜ ǿƻǊƭŘ ƘŀǾŜ ƴƻ ŀŎŎŜǎǎ ǘƻ ŜƭŜŎǘǊƛŎƛǘȅΦ CƻǊ Ƴƻǎǘ ƻŦ ǘƘŜƳΣ ǎƻƭŀǊ ǇƘƻǘƻǾƻƭǘŀƛŎǎ ǿƻǳƭŘ 

be their cheapesǘ ŜƭŜŎǘǊƛŎƛǘȅ ǎƻǳǊŎŜέ (Fast Facts: Industry, 2009) 

5. άL.aΣ LƴǘŜƭ ŀƴŘ It ŀǊŜ ǿŜƭƭ-positioned in the solar market, and could foreseeably commoditize the solar 

market in the same way they commoditized the personal computer industry,έ (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 

example 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, BrighǘǎƻǳǊŎŜ 9ƴŜǊƎȅ άǊŜŎŜƴǘƭȅ ǊŜŎŜƛǾŜŘ ƎƻǾŜǊƴƳŜƴǘ ƭƻŀƴ ƎǳŀǊŀƴǘŜŜǎ ŦƻǊ ŀ ǇǊƻƧŜŎǘ ƛƴ 

ǘƘŜ aƻƧŀǾŜ ŘŜǎŜǊǘ ǿƘƛŎƘΧ ŎƻǳƭŘ ŘŜƭƛǾŜǊ ƳƻǊŜ ǇƻǿŜǊ ǘƘŀƴ ŀƭƭ ǘƘŜ t± ŎŜƭƭǎ ƛƴǎǘŀƭƭŜŘ ƛƴ !ƳŜǊƛŎŀ ƭŀǎǘ ȅŜŀǊέ (The Rise 

of Solar, 2010). 

Consumer/Commercial segments: Besides electricity from the grid and self-maintained generators, there are no 

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

Exhibit 23: Risks  

SPWRA: If it cannot effectively reduce the costs of its superior-performing 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 lose that leadership position altogether. Even if it still offers the highest-performing 

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



advantage in the higher-end segments. Ultimately, even if rivals cannot 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 deriving savings from economies of scale. 

FSLR: It 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 worthwhile). Also, if distributed 

power production is indeed the gold mine of the PV technology, its inferior performance may discourage potential 

residential and commercial customers, who want more power for the same roof size. Therefore, FSLR must 

continue to improve its thin-film technology to use less material yet achieve higher conversion. 

TSL: With the significant amount of silicon wafer/ingot production capacity coming online from other producers, 

its in-house production may become obsolete. Additionally, as the firm with the smallest R&D budget (of the four), 

it may fall behind its competitorsτor entrantsτin technology. With a small R&D budget focused on incremental 

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

STP: Like TSL, it uses the same technologies (c-Si) and targets a similar customer group as many other firms in the 

industryτtraditional low-cost, c-Si based modulesτleading to greater price-based 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 differentiationτ{¢tΩǎ Ŏƭŀims of greater efficiency and reliabilityτits 

segment is most vulnerable to commoditization.  

Overall: Entrants with completely new technologies, like the printing-press by Nanosolar, may disrupt the industry 

and overthrow the leaders. If the current leaders do not achieve grid-parity quickly, that may entice startups with 

entirely new approaches to enter the market. 
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