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2010 Global PV Demand Analysis and Forecast

Between 2000 and 2009, global PV demand grew at an average annual rate of 
51 percent, rising from 170 MW to 7,059 MW. Despite this impressive rate of 
growth the past two years have witnessed a fundamental and difficult marketgrowth, the past two years have witnessed a fundamental and difficult market 
shift for manufacturers. Previously, burgeoning European feed-in tariff markets 
enabled global demand to exceed available supply, driving up feedstock prices 
and attracting new entrants across the value chain. But the combination of an a d att act g e e t a ts ac oss t e a ue c a ut t e co b at o o a
ensuing rapid capacity build-out and the financial crisis of 2008 and early 2009 
shifted market power downstream into the hands of project developers and 
financiers. Today, global manufacturing capacity greatly exceeds global 
demand. With an estimated total of 16.1 GW of module manufacturing capacity 
online by the end of 2010, despite this, the global PV market is still constrained 
by supply.









The first generation of solar cells
• Silicon is abundant and the process is mature

• Relatively high efficiencies with broad spectrum absorption 
range

http://cnfolio.com/images/img163ingot.jpghttp://www.day4energy.com/EN/installations.htm



• Passivated emitter with rear locally diffused cell (PERL) has 
a record efficiency of 24.7%1

• Disadvantages
- Expensive manufacturing costsExpensive manufacturing costs
- High Material Usage
- Loss of high energy photons as 
heat

http://www.kanoda.com/PVTechnologyandIndustry.html1Prog. Photovolt: Res. Appl. 7, 471-474 (1999)



• Advantages over c‐Si: 
– Simple and inexpensive technology

Much less material required– Much less material required 

– Can be monolithically deposited on a 
wide range of substrates by PECVD

Effi i b t 13%• Efficiency about 13%

• Large Band gap ~1.6eV

• DisadvantagesDisadvantages
– Low material quality

– Not stable over time

http://www.semiconductor-
Amorphous silicon photovoltaic module Bangkok Solar 2.5 
kW 

sanyo.com/images/amorton/sensor/st.gif
http://www.solarserver.de/wissen/photovoltaik-e.html



• Cheaper to produce than single 
crystalline silicon cellsy

• Simple manufacturing process

• Slightly less efficient, with 
average efficiencies of around 
18%.

• DisadvantagesDisadvantages
– Lower electronic quality

– Increased fragility

www m0ukd com/Solar Panels/index phpwww.m0ukd.com/Solar_Panels/index.php
http://en.wikipedia.org/wiki/Crystalline_silicon



• Deposited on either glass or stainless 
steel substrates by vacuum deposition or 
inkjet style printinginkjet‐style printing

• Band gap ~ 1.38 eV

• An efficiency of 19.9% is achieved

• Disadvantage
– Increased toxicity

– Scarce raw materials

A single flexible Global 
Solar G2 CIGS solar cell

http://www.globalsolar.com/



• Crystalline compound formed from cadmium and tellurium. 
Usually sandwiched with cadmium sulfide (CdS) to form a p‐n 
junction cell.

• Cheaper material and inexpensive production 

• Band gap ~ 1 4 eV• Band gap   1.4 eV

• Efficiency of ~16 %

• Disadvantages:
– Susceptibility to degradation

– Cd toxic

– Te feedstock issues

X. Wu, Solar Energy 77 (2004) 803-814
www.solar-sse.com/cts.htm 
www1.eere.energy.gov/solar/cadmium_telluride.html
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*Li ht St t h t l t l f

5,880 MW5,880 MW5,880 MW

http://dsireusa.org/

*Light green States, have set voluntary goals for 
adopting renewable energy instead of portfolio 
standards with binding targets.



• PBI / FIT – Performance Based Incentives / Feed in Tariff
• Incentives based on amount of kWh produced

• REC – Renewable Energy Credits
• In some states they can be sold, the PPA provider 

k th REC t h l f th S t If dkeeps the REC to help pay for the System. If cap and 
trade becomes law, then the REC’s could be sold 
nationally.y

• Rebate
• Typically based on installed DC watt rating of the 

d b b d % fi d $/system and can be based on % or fixed $/watt
• Tax Credit

There is a 30% Federal Grant for PV until 2016



FINANCING SOLARFINANCING SOLAR

• In most locations solar is not economical without incentives 
and subsidiesand subsidies.

• Systems that have a 10 year or better payback can be 
financed.

• Typical investors are looking for investments that are secure, 
long term and responsible and they accept a moderate 
interest rateinterest rate.

• Tax equity partners receive a higher interest rate and shorter 
term.



EXAMPLE NEW JERSEYEXAMPLE NEW JERSEY

500kW system with existing roof

Total Installation Cost  ($2,500,000)

30% Federal Grant $750 00030% Federal Grant $750,000

Accel. 5yr MACRS (35% Tax) $612,500

Annual Sale of Electricity $77,000y $ ,

Annual Sale of RECS $275,000



EXAMPLE OREGONEXAMPLE OREGON

500kW system with NEW roof

Solar Installation Cost  ($2,500,000)
New roof ($500,000)
Total Installation ($3,000,000)
30% Federal Grant $900,000
50% Oregon Tax Credit (5yrs) $1 500 00050% Oregon Tax Credit (5yrs) $1,500,000
Accel. 5yr MACRS (35% Tax) $210,000
Annual Sale of Electricity $33,000
Annual Sale of RECS / Tariff $48,000

We use the roof membrane as part of the solar installation because it’s fully adhered to 
the roof.



FINDING INCENTIVES ON DSIREUSA.ORGFINDING INCENTIVES ON DSIREUSA.ORG



PRICES PER WATTPRICES PER WATT

•50%
•Glass thin‐film is the least expensivePV Panels

•10%
•Roof racking is the least expensiveRacking/Mounting

•5%Inverters •Larger inverters may not be the cheapestInverters

•10%
•Wiring, monitoring, etc.Balance of System g, g,

•25%
•Labor to install panels and electricalInstallation

•$5 to $6
•Roof mounted systems can be the cheapestTotal

1MW $5 to $6 Million



Electrical Profile
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Revenue Stream



ROLES OF PPA PARTICIPANTSROLES OF PPA PARTICIPANTS

Inovateus
Sears



Private Creative Financing Company g p y
(LLC established for every contract)

Capital
*Bank, Insurance

Incentives
*PBI/FIT

*REC
*Private Equity

*Tax Equity

*REC

*Rebate

*Tax Credit

MACRS

Accelerated depreciation for

O&M

Roofing Manufacturer or 
Third Party

Finance Company owns and 
maintains the PV system for 
the term of the contractAccelerated depreciation for 

PV and Roofs

y

Insurance

PV Cleaning and Maintenance

the term of the contract

Ideal Term for Sears Holding





http://www.nrel.gov/srrl/history.pdf



http://www.nrel.gov/srrl/history.pdf



http://www.nrel.gov/srrl/history.pdf



The average power of solar radiation is 200 W/m2

At 8% conversion PV arrays at these locations would provide 18TW of energyAt 8% conversion, PV arrays at these locations would provide 18TW of energy.
http://www.loster.com/ml/solar_land_area/
A ‘plain English’ version:  http://home.iprimus.com.au/nielsens/solrad.html
Wikipedia:  http://en.wikipedia.org/wiki/Solar_power





An azimuth of 0 corresponds to a south-facing array; 90 to an p g y
east-facing array; 180 to a north-facing array; and 270 to a west-
facing array. Therefore, the azimuth of an array facing 20 east of 
south will be 20, while the azimuth of a PV array facing 20 west 

of south will be 340.



http://www1.solmetric.com/tools/RoofAzimTool.htm#



A tilt of 0 corresponds to a horizontal array, while a tilt of 90 
corresponds to a vertical array.



Spring // FallWinterSummerSpring // FallSpring // FallWinterSummerSpring // Fall









TYPES OF SOLAR PANELSTYPES OF SOLAR PANELS

Crystalline
Thin-Film

Thin-Film

Glass

Thin Film
Solyndra



CrystallineCrystalline

•High Density W/m2g y
•Ground MountG ou d ou t
•Framed ModuleFramed Module



Flexible Thin FilmFlexible Thin Film

•Single Ply Roofsg y
•Metal Roofseta oo s
•Space is not LimitedSpace is not Limited



SolyndraSolyndra

•White Roofs
•Ballested Roofsa ested oo s
•Cool RoofsCool Roofs



Glass Thin FilmGlass Thin Film

•High Density W/m2g y /
•Ground MountGround Mount
•Framed ModuleFramed Module











COMBINER BOXCOMBINER BOX







http://www.solmetric.com/annualinsolation-us.html







U.S. Photovoltaic Solar Resource
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17V x 8 = 136
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http://www.xantrex.com/support/gtsizing/index.asp?lang=eng#calculator



System Rated Size in DC Wattsy

•Seven PVL-144           7 X 144Watts = 1,008 Watts

Thi t ill d 1 008 W tt ith

•1,000 Watts = 1kW

This system will produce 1,008 Watts with 
ideal conditions, with the sun directly 

overhead and no cloudsoverhead and no clouds.

Watt Rating is Based on 1,000W/m2 = 1 kW/m2











NATIONAL RENEWABLE ENERGY LABORATORY (NREL)NATIONAL RENEWABLE ENERGY LABORATORY (NREL)

J 1 6 kWh/ 2/dJ 6 2 kWh/ 2/dJanuary 1.6 kWh/m2/dayJune 6.2 kWh/m2/day
This number represents the equivalentThis number represents the equivalent 

hours of full direct sun.



How much Power or AC Watts
•1,000 Watts = 1kW DC

About 80% of the DC electricity becomes 
AC Electricity

,

C ect c ty

kWatts DC x full sun hours x system efficiency = kW AC

1 kW DC x 1.6h x .80 = 1.28 kWh AC Average Day in January

1 kW DC x 6 2h x 80 = 4 96 kWh AC Average Day in June1 kW DC x 6.2h x .80 = 4.96 kWh AC Average Day in June

1kW for one hour = 1kWh = 10 X 100W Lights for one hour







THINTHIN‐‐FILM BIPVFILM BIPV



THINTHIN‐‐FILM GOES TO SCHOOLFILM GOES TO SCHOOL



CRYSTALLINE VS. THINCRYSTALLINE VS. THIN‐‐FILMFILM



SOLYNDRASOLYNDRA



Uni-Solar on MetalUni-Solar on Metal



U i S l TPOUni-Solar on TPO





Sharp Thin FilmSharp Thin Film



1MW Inverter Box1MW Inverter Box



125kW SatCon Inverter
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