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New technology could accelerate solar PV cost reduction

Solar PV industry Solar PV industry –– longlong--term outlookterm outlook

Cost convergence and potentially explosive growth within 6 to 8 years

c-Si

CIGS
α-Si (2x)

CdTe

7%

6%

5%

4%US - Average price of  
electricity in 2006:

8.6 cents/kWh

Electricity from solar 
PV is becoming 

cheaper…

…and grid costs 
are rising

That leads to…

Convergence

Potential for 
over-supply

Potential for explosive 
growth in demand 
upon convergence

New technology 
wildcard

Supply
Demand

Source: Deutsche Bank estimates

Grid supplied electricity CAGR (in the US) will likely climb faster than since 2000 (i.e. >4.5%)

No technical breakthroughs are required to achieve solar PV cost reduction curve

Near term undersupply will likely revert to oversupply before returning to an acute undersupply
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Economics by technologyEconomics by technology
(what companies can do(what companies can do……))
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Source: Deutsche Bank 

Considering the value chainConsidering the value chain
Solar PV value chain for cSolar PV value chain for c--Si and thin film technologiesSi and thin film technologies

Thin film 
approaches

c-Si 
approaches

PV Cells PV Modules

Wafers PV CellsPolysilicon PV ModulesSilane

Manufacturing Equipment

Three points in the value chain warrant 
the most careful consideration

Ancillary Equip

Distribution Installation

Distribution Installation

Energy

Energy

1. Manufacturing $/Wp
at the module level

2. System level 
(price) $/Wp

3. LCOE 
($/kWh)

Data variability 
(i.e. input costs/prices confidence levels)

Good Frustrating Pwr: good  
Sys: variable

Variance error trend 
(due to technology consolidation and data)

Very positive Positive Positive

A company’s cost structure at key points in the value 
chain has enormous business model implications
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CdTe (glass)

Module manufacturing cost per watt ($/Module manufacturing cost per watt ($/WpWp))

c-Si will remain the high cost module manufacturer 
We consider three variations: 

1) average conversion efficiency (CE)

2) higher than ave CE / lower than ave cost 

3) high conversion efficiency

CdTe is a disruptive technology 
at the module level

Source: Deutsche Bank estimates

CIGS

α-Si (2x)

CdTe

c-Si

CdTe is and will remain the module cost per watt leader

a-Si (micromorph) is yet to enter production

This should become the “standard” a-Si offering

Learning curve yet to be surmounted

CIGS is yet to enter production 

Promises highest CE of thin film approaches

Stubbornly difficult process 
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System price per watt ($/System price per watt ($/WpWp))
Incentive programs distort data; this should normalize

BOS data is very wide ranging (geographically/installer)…

…driving the greatest variance error in any model 

Modules are typically >50% of system price

Higher power density modules (higher CE) drive 
proportionally lower BOS costs (not quite linearly)

Geography/integrator efficiency/margin variance is big

CdTe may lead ($/Wp) at the system level, but 
it is not disruptive c-Si competes effectively.Source: Deutsche Bank estimates

c-Si and CdTe are supported with real data

CdTe has shown lowest system $/Wp thus far

High CE c-Si can deliver lower system $/Wp

a-Si (micro-morph) and CIGS data is extrapolated

1MWp commercial installation
5kW/m2/day solar irradiance
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LevelizedLevelized Cost of Electricity (LCOE)Cost of Electricity (LCOE)
Power output de-rate factors

Temp coefficients
Annual degradation
Occlusion
Orientation
Inverter losses
Line losses
Spectral response

Financing considerations
Time period
Discount rate
Inflation rate
Federal taxes
Local taxes
Land costs
% financed

Financing term
Financing rate
Maintenance costs

There are leaders, but no clear cut winners.
Several technologies will prove competitive.

Source: Deutsche Bank estimates

1MWp commercial installation
5kW/m2/day solar irradiance

CIGS
α-Si (2x)

7%

6%

5%

4%

CdTe

c-Si
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CdTe module $/Wp advantage declines to 
~8% to ~15% over average c-Si (i.e. the 
control) at the system level.
High efficiency c-Si can offer lower system 
cost per watt due to power density effect on 
BOS costs.

CdTe has and should maintain a >50% module 
$/Wp advantage over average c-Si (i.e. the 
control) at the module level.
The near-term % increase in $/Wp by thin film 
competitors is due to an anticipated, substantial 
polysilicon cost reduction.

CdTe and high CE c-Si are within ~15% of 
average c-Si (i.e. the control) at the LCOE 
level.
a-Si and CIGS have great potential, but are 
not yet a reality in volume production.
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There are leaders, but no definitive winner at the LCOE level

Source: Deutsche Bank estimates
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Supply and DemandSupply and Demand
(what an industry does(what an industry does……))
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Supply Supply –– total sales (total sales (GWpGWp/year) scenario analysis/year) scenario analysis

Forecast

30%

35%

40%

60%Module output (CAGR) 45%50%

Solar PV industry CAGR
(5% increments beginning 

with 30% to 60%)

Forecasted solar PV module sales
(i.e. total available for sale)

Base case

Upside case

Downside case

2008 2009 2010
Sales base case 3.9 7.7 13.6

Sales downside case 3.6 6.8 11.6

Sales upside case 4.2 8.8 16.3

Total module sales (three cases) (GWp)

* “Sales” is adjusted for FGI, etc. at year-end

Source: Deutsche Bank

c-Si module supply (GWp)

2008 2009 2010

Production 3.8 7.0 12.0

Sales 3.3 6.0 10.3

2008 2009 2010

Production 0.8 1.9 3.8

Sales 0.7 1.7 3.3

Thin film module supply (GWp)

-

20,000

40,000

60,000

80,000

100,000

120,000

140,000

160,000

180,000

200,000

2002 2003 2004 2005 2006 2007 2008F 2009F 2010F 2011F 2012F

Po
ly

 S
i c

ap
ac

ity
 b

y 
se

gm
en

t
 (k

M
T/

yr
)

-

2,000

4,000

6,000

8,000

10,000

12,000

14,000

16,000

18,000

20,000

Eq
ui

va
le

nt
 s

ol
ar

 P
V 

ou
tp

ut
 (

M
W

/y
r)MWp output

MWp sold (base case)
Semi capacity (Si)
Solar capacity (Si)
Solar production (Si)

p-Si for Semi (~10% CAGR)

p-Si for Solar MT/yr sold 

p-Si for Solar MT/yr output 
(from bottoms up analysis)

Polysilicon availability

8.6

8.0

7.6
7.0

Grams/Wp
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Large 
markets

Next 
growth 
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Hopeful 
growth 
markets

Nearterm
laggards0%
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Germany - Ground
Germany - Roof
Spain
Italy - Ground
Italy - Roof
South Korea
France - Mainland
France - Overseas
Greece - Mainland
Greece - Islands
Japan
U.S.A

Demand Demand -- (ROI) based demand growth by Region(ROI) based demand growth by Region
Toward a regional demand model

We built a demand model with regional ROI’s as 
primary demand growth determining metrics.

The quantification of exogenous effects must be 
estimated when known.

Incentives will continue to be key demand drivers 
over the next several years.

Regional demand outlook

Germany will slow in 2009, and can be quantified 
based upon calculable ROI trends. Spain is 
defined.

Italy and S. Korea should become the next 
growth leaders as ROI dictates.

France and Greece have great ROI based 
potential, offset by exogenous effects.

US will lag until 2010 when comprehensive 
climate legislation is enacted.

Japan will lag, but remain a solid MWp
contributor.

Source: Deutsche Bank



Deutsche Bank Securities

Stephen O‘Rourke (212) 250-8670 page 12

-

2,000

4,000

6,000

8,000

10,000

12,000

14,000

16,000

18,000

2004 2005 2006 2007 2008 2009 2010 2011

So
la

r P
V 

ou
tp

ut
 (M

W
p/

yr
)

Supply Supply vsvs DemandDemand

Supply should exceed demand under present 
assumptions in 2009

Our best estimate of when an oversupply 
dynamic emerges is early-to-mid-2009

An over-supply dynamic could be mitigated 
provided our downside supply scenario is 
married with our upside demand scenario.

We are biased positively on supply and 
negatively demand scenarios.

Solar PV supply & demand forecast

Solar PV industry CAGR
(5% increments beginning 

with 30% to 60%)

Supply Base case

Supply Upside

Supply Downside

Forecast

Demand Upside

Demand Base case
30%

35%

40%

60%Module output (CAGR)

45%

50%

Source: Deutsche Bank

Quantification of supply and demand in light of 
many, many variables leads us to believe that 
the probability is very high of an over-supply 
dynamic emerging, and an industry shakeout 
beginning later in 2009.
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Business models and marketsBusiness models and markets
(measuring strategic acumen(measuring strategic acumen……))
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Source: Deutsche Bank 

Considering business models over the near termConsidering business models over the near term
Solar PV value chain for cSolar PV value chain for c--Si and thin film technologiesSi and thin film technologies

Selling electricity as a distributed utility: Power Purchase Agreements (PPA) offer 20 year annuity streams that solar PV system 
integrator/ installers can offer; it is unclear how non-integrator/installers will be able to effectively participate in PPAs.

ROI becomes more attractive over time: as grid supplied electricity costs climb and solar PV supplied electricity costs decline, the 
ROI improves over time

Thin film 
approaches

c-Si 
approaches

PV Cells PV Modules

Wafers PV CellsPolysilicon PV ModulesSilane

Manufacturing Equipment

Vertical integration (i.e. beyond the module, not simply to include the module)

Low cost module manufacturer: if a company makes only solar PV modules, then being the low cost module manufacturer is an imperative 
to compete over the long term. (i.e. thin films) …And, it might even be enough.

New materials/technology: enormous opportunity for new technologies to lower cost per watt at module and system level.

Ancillary Equip

Distribution Installation

Distribution Installation

High cost module manufacturer: if a company controls the value chain to the end user, then it is not imperative to be the low cost module 
manufacturer provided the company’s technology enables adequate cost to be extracted further down the value chain. (i.e. c-Si) the 
advantage of high power density, and the necessity to integrate to the end user

Sell electricity

Sell electricity

Source: Deutsche Bank

Silicon manufacturers: silicon contract pricing will not collapse. In a worst case scenario silicon spot pricing could approach contract 
pricing, but leading producers’ margin structures are unlikely to decline. Longer-term, a silicon shortage is likely to re-emerge.
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Considering business models over the long termConsidering business models over the long term
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retail electricity 
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Probable 
industry 
shakeout

Core 
business 
margin 

structure, 
ROI profile

Energy 
business 

margin 
structure, ROI 

profile

Selling energy on a 
commercial scale may offer 
the best long term returns

The most profitable places – the ends of the value chain

Selling energy on a commercial scale

Manufacturing and selling silicon when the shortage returns

Why continue to make cells/modules, an inevitable commodity? 

If a company has a technology advantage that enables the lowest LCOE with which to compete for energy contracts

Source: Deutsche Bank
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Solar PV Solar PV -- Technologies and End MarketsTechnologies and End Markets

CommercialResidential Large commercial/industrial
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>20kWp <2MWp <50MWp>2MWp<20kWp<10kWp

Limited roof area
Aesthetics are important
Cost sensitive
Mounting technology key
No tracking
Case by case economics

Limited roof space (?)
Weight considerations
Building integrated (BIPV)
Cost sensitive
Tracking not practical
Weather a factor

Cost sensitive 
Tracking desirable
Land costs

Commercial
Office buildings and 

”big box” stores

Residential
New home development and 

existing home retrofits

Industrial
Large open field 

installations

Thin film technologies 
will not likely play in 
residential market 

>50MWp

Solar Thermal
may be most 
competitive 
at this scale
Storage
Traditional 
secondary 
plant
$0.12/kWh to 
$0.14/kWh 
today 

Crystalline-Si
Thin film technologies

Utility scale

Utility scale
Power plant

Crystalline-Si
Thin film technologies

Crystalline-Si will dominate c-Si (High CE)

CdTe
Other TF (?)
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Solar PV Solar PV –– a means of translationa means of translation
(measuring an industry(measuring an industry’’s health and maturity)s health and maturity)
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Solar PV industry outlook Solar PV industry outlook –– Wall Street translationWall Street translation
Source: DB estimates

Initial financing boom on-going
Public – silicon technology based financing market capitalization and liquidity become adequate for many investors

Private – transition from silicon to thin films and next generation materials (technology windows opening/closing)

Initial production ramp:
Emergence of many 
companies

Rationalization:

Corporate 
Finance

Stock performance

Initial growth phase Build-out of an industry MaturityShake-out

Shake-out and 
consolidation

Some casualties 
of shake-out 

expected

Normalized anticipated 
corporate finance 

activity

Normalized anticipated 
stock performance

Foundations for a new industry:
Commercial scale production ramp 
by a rationalized supplier base –
corporate finance activity to support

A maturing industry:
Classic cyclical growth phase –
industry leaders become self 
financing, followed by 
corporate financing activity

Oversupply will drive a shakeout: corporate finance activity will decline and shift to M&A
Some companies will not survive; longer-term industry leaders will emerge

Average grid parity reached huge production ramp ensues corporate finance to fund expansion

Industry reaches cyclical growth phase self-financing will drive larger portion of subsequent expansion
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Thank youThank you
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Deutsche Bank

Important Disclosures
Additional Information Available upon Request

Appendix 1

1. Within the past year, Deutsche Bank and/or its affiliate(s) has managed or co-managed a public offering for this company, for which it 
received fees.

2. Deutsche Bank and/or its affiliate(s) makes a market in securities issued by this company.
3. Deutsche Bank and/or its affiliate(s) acts as a corporate broker or sponsor to this company.
4. The research analyst(s) or an individual who assisted in the preparation of this report (or a member of his/her household) has a direct 

ownership position in securities issued by this company or derivatives thereof.
5. The research analyst (or, in the US, a member of his/her household) is an officer, director, or advisory board member of this company.
6. Deutsche Bank and/or its affiliate(s) owns one percent or more of any class of common equity securities of this company.
7. Deutsche Bank and/or its affiliate(s) has received compensation from this company for the provision of investment banking or financial 

advisory services within the past year.
8. Deutsche Bank and/or its affiliate(s) expects to receive or intends to seek compensation for investment banking services from this 

company in the next three months.
10. Deutsche Bank and/or its affiliate(s) holds more than five  percent  of the share capital of the company whose securities are subject of the 

research, calculated under computational methods required by German law (data as of the last trading day of the past month).
11. See footnote headed Special Disclosures for any other relevant disclosures.
14. Deutsche Bank and/or its affiliate(s) has received non-investment banking related compensation from this company within the past year.
15. This company has been a client of Deutsche Bank Securities Inc. within the past year, during which time it received non-investment 

banking securities-related services.
16. A draft of this report was previously shown to the issuer (for fact checking purposes) and changes were made to the report before 
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17. Deutsche Bank and or/its affiliate(s) has a significant Non-Equity financial interest (this can include Bonds, Convertible Bonds, Credit 
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Special Disclosures

Analyst Certification

The views expressed in this report accurately reflect the personal views of the undersigned lead analyst about the subject issue and the securities 
of the issue. In addition, the undersigned lead analyst has not and will not receive any compensation for providing a specific recommendation or 
view in this report. –Stephen O’Rourke
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Deutsche Bank

Buy: Based on a current 12-month view of total shareholder return 
(TSR = percentage change in share price from current price to 
projected target price plus projected dividend yield), we recommend 
that investors buy the stock.

Sell: Based on a current 12-month view of total shareholder return, 
we recommend that investors sell the stock.

Hold: We take a neutral view on the stock 12 months out and, 
based on this time horizon, do not recommend either a Buy or Sell.

Notes:

1. Newly issued research recommendations and target prices 
always supersede previously published research.

2. Ratings definitions prior to 27 January, 2007 were:

Buy:  Expected total return (including dividends) of 10% or more
over a 12-month period

Hold: Expected total return (including dividends) between -10%
and 10% over a 12-month period

Sell: Expected total return (including dividends) of -10% or
worse over a 12-month period

Equity Rating Key Equity Rating Dispersion and Banking 
Relationships
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Deutsche Bank

Regulatory Disclosures

SOLAR Disclosure
For select companies, Deutsche Bank equity research analysts may identify shorter-term trade opportunities that are consistent or inconsistent with Deutsche 
Bank’s existing longer-term ratings. This information is made available only to Deutsche Bank clients, who may access it through the SOLAR stock list, which can 
be found at http://gm.db.com. 

Disclosures required by United States laws and regulations
See company-specific disclosures above for any of the following disclosures required for covered companies referred to in this report: acting as a financial advisor, 
manager or co-manager in a pending transaction; 1% or other ownership; compensation for certain services; types of client relationships; managed/comanaged 
public offerings in prior periods; directorships; market making and/or specialist role.

The following are additional required disclosures:
Ownership and Material Conflicts of Interest: DBSI prohibits its analysts, persons reporting to analysts and members of their households from owning securities of 
any company in the analyst's area of coverage.
Analyst compensation: Analysts are paid in part based on the profitability of DBSI, which includes investment banking revenues.
Analyst as Officer or Director: DBSI policy prohibits its analysts, persons reporting to analysts or members of their households from serving as an officer, director, 
advisory board member or employee of any company in the analyst's area of coverage.
Distribution of ratings: See the distribution of ratings disclosure above.
Price Chart: See the price chart, with changes of ratings and price targets in prior periods, above, or, if electronic format or if with respect to multiple companies 
which are the subject of this report, on the DBSI website at http://gm.db.com.
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Additional disclosures required under the laws and regulations of jurisdictions other than the United States
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