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Objectives

· Support the near-term transition to first-time manufacturing and commercial introduction of reliable thin-film a-Si, CIS, CdTe, and film silicon modules. 

· Build a technology base upon which these advanced PV technologies can successfully improve manufacturing and continue to progress in terms of performance, reliability, and reduced cost for products meant to compete in the PV marketplace. 

· Sustain innovation to support progress toward ambitious long-term PV cost and performance goals (e.g., 15% modules at under $50/m2 and capable of lasting 30 years) appropriate for cost-competitive PV electricity.

Accomplishments

· Four JOULE milestones were met.

· Two Technology Partners broke ground on major manufacturing expansions (First Solar 50 MWp, and Uni-Solar 25 MWp).

· Production of thin films in the United States grew from 12 MWp in 2003 to an estimated >40 MWp in 2005.

Future Directions

· Continue to address key issues supporting the transition to successful first-time manufacturing or major production expansion in each thin film.

· Significantly reduce CIS and CdTe layer thicknesses in cells and support transfer of this to manufacturing.

· Direct CdTe research toward higher voltage.

· Investigate nano-crystalline bottom cells for thin-film silicon multijunctions.

____________________________________________________________________________________

1.  Introduction
Thin-film PV technologies are regarded as having good potential to meet ambitious cost and performance goals consistent with the DOE Solar Program Multi-Year Technical Plan (MYTP) long-term goals for low-cost PV and the PV industry’s 20-year roadmap.  The Thin Film PV Partnership is designed to accelerate progress toward those goals.  It includes subcontracted R&D in CIS, CdTe, amorphous silicon, and new thin films such as film silicon.  The Partnership works closely with NREL’s internal research, facilitating collaborative activities through the Partnership’s National Research Teams.  Three National R&D Teams work in material-specific areas (a-Si/thin film c-Si, CdTe, and CIGS), and there are cross-cutting teams in Thin Film Module Reliability and EH&S (the latter with Brookhaven National Laboratory).  The National Teams are made up of leading researchers from U.S. industry, universities, and NREL, who work together to define and carry out shared activities. 

2.  Technical Approach
The Partnership had about 30 subcontracts (see below) during FY 2005, about eight of which are ending. The subcontract areas were broken down as shown in Table 1.

Table 1. Thin Film PV Partnership Funding
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	Task Title
	FY 2005 Budget ($K)

	Project Management and Team Coordination
	830

	In-House Collaborations
	825

	Thin Film Center of Excellence
	1,110

	Amorphous and Thin Film Silicon
	1,958

	CIS Devices
	2,158

	CdTe Devices
	2,013

	Module Testing and Analysis
	202


Four subcontracts were major Technology Partner contracts: Shell Solar and Global Solar in CIS; First Solar in CdTe; and United Solar Ovonic (Uni-Solar) in a-Si. The rest were R&D Partners, which were either small businesses making progress toward pilot production or universities supporting the Partnership objectives.

3.  Results and Accomplishments

The Thin Film PV Partnership supported the transition to successful first-time manufacturing of key thin-film technologies during the fiscal year (see Fig. 1). This is our most important activity in the short term, because it will help establish thin films in the marketplace, improve their chances of future growth and success, and help define the transition of technologies that have been successfully developed by DOE funding to the private sector. This evolution has been more than two decades in the making and is not yet accomplished. However, with the substantial growth in CY 2005 to more than 40 MW (from only 12 MW in the United States in 2003), thin films are in this important transition. Based on surveys of the Partnership’s Technology Partners, it is expected that this may again double in CY 2006 to about 80 MW of annual U.S. production. If so, this will indicate the arrival of these key, potentially lower-cost technology options—and even the resumption of U.S. leadership in the PV marketplace (because thin films may take a leading role, going forward). The following summarizes highlights from FY 2005.

Fig. 1. Historical and predicted MWp thin-film module manufacturing in the United States, broken down by technology. A survey of the Partnership’s Technology Partners suggests that U.S. thin-film manufacturing is going through a major growth period, and new thin films are joining amorphous silicon in the marketplace (FY 2005 is preliminary data; FY 2006 is planned sales).

3.1 First Solar 50-MWp Factory Expansion
The First Solar 50-MWp groundbreaking was a major event, with several hundred people in attendance, including media and political representatives from local, state, and Federal levels (see Fig. 2). First Solar plans to produce about 22.0 MWp in 2005, 40 MWp in 2006, and 75 MWp in 2007. 
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Fig. 2. Those at the groundbreaking of First Solar’s 50-MWp factory expansion include DOE Solar Program Manager Ray Sutula, First Solar COO Chip Hambro, and state government representatives, who provided funding support to help locate the expansion in Ohio.

We attended a tour of the First Solar 25-MWp facility before the ceremony. Substantial progress has been made in terms of (1) the new 25-MWp coater, which is now fabricating about 20% of the product; (2) reducing maintenance costs by substantially enhancing materials utilization rates; and (3) automating and improving most aspects of production. During his speech, Hambro stated that First Solar is now breaking even. He also provided information on his sales price and volume that would allow us to estimate his costs as among the lowest in all of PV. Separate discussions with Marketing Director Ken Schultz centered on plans to move to a cost structure that would allow the installation of $3/Wp ground-mounted PV systems in the not too distant future. 

The DOE Solar Program and NREL, the National Center for Photovoltaics (NCPV), and the Thin Film PV Partnership have supported the research and development of this very promising thin PV technology at First Solar for the past several years. First Solar uses a very rapid vapor transport deposition technique to deposit the semiconductor films in less than one minute, which gives it a significant advantage over its competitors. The deposition process won a prestigious R&D 100 Award in 2003 shared by NREL.  “These accomplishments strengthen the position of U.S. manufacturers as leaders in the next generation of thin film solar technologies and accelerate our nation’s drive to make solar electricity competitive with conventional electricity,” said David Garman, Assistant Secretary, Energy Efficiency and Renewable Energy, and Under Secretary, U.S. Department of Energy. 

3.2 Uni-Solar 25-MWp Factory Expansion
The Uni-Solar a-Si factory is working at full capacity of about 2 MWp/month. Due to the silicon shortage, module prices have been rising, and profitability is increasing. Recently, Uni-Solar announced plans to build a second 25-MWp plant, also in Michigan. In describing the competitiveness of Uni-Solar technology, company President Subhendu Guha made the case that their peel-and-stick roofing material is directly competitive with all other rooftop PV approaches (including c-Si and CdTe) because of the ease of installation (e.g., reduced balance of system costs) and superior aesthetics and durability (see Fig. 3). He mentioned two major “wins” over such competition to large commercial rooftop projects, one for 1 MW on the GM building and another for 750 kW in California.

Fig. 3. The Uni-Solar a-Si factory produces peel-and-stick thin-film PV roofing material. The product’s easy installation is demonstrated on a building in China.[image: image3.jpg]



Of interest, First Solar and Uni-Solar have different, but complementary, focus markets: Uni-Solar on commercial roofs and First Solar for large, ground-mounted systems. In both markets, they are quite competitive.

3.3 Completion of Four DOE JOULE Milestones

Four DOE JOULE milestones were completed within the Partnership. Three of them are related to achieving a higher efficiency thin film module, progressing from 10% to 11% (the final milestone) by the end of the fiscal year. These milestones were all achieved by Shell Solar Industries (a Technology Partner) for selenized CIGS modules. The other JOULE milestone concerned the completion of the Partnership’s latest recompetition Letters of Interest and the signing of all the awardees in a timely manner.

3.4  SEQ CHAPTER \h \r 1Global Solar Fabricates Record CIGS Module

Global Solar Energy (GSE) fabricated a 10.2%-efficient, 88.9-W thin-film CIGS power module, the highest wattage CIGS module in the world. This result meets a level-4 milestone in the Thin Film Partnership/NCPV project due 8/31/05. ITN Energy Systems (ITN/ES), Littleton, CO, developed the intelligent processing system for improved processing conditions and yields for cell and module fabrication that helped produce this module. The module parameters are as follows: Isc = 4.07 Amp, Voc = 36 V, FF = 0.606, area = 8709 cm2. Stainless steel (ss) web lengths of 1000 feet were used for the roll-to-roll processing of the devices. The typical cell structure is ITO/CdS/CIGS/Mo/ss. CIGS is deposited by  physical vapor deposition, CdS by a modified chemical bath deposition process, and ITO and Mo by sputtering. More process optimization should improve the module performance in the near future.  NREL and GSE shared an R&D 100 Award in 2004 for development of the GSE CIGS technology.

3.5 Flow of Venture Capital to CIGS Start-Ups Accelerates

We note the acceleration of private and venture capital funding (over $100M) to CIGS start-ups, most of which were spun off or supported by NREL in-house and Thin Film Partnership research and National R&D Teams. We also note the budget pressures resulting from this evolution.

The success of PV in the marketplace has generated a wave of private funding interest for start-ups of all kinds in PV, and in particular for those involved with CIGS. In the last month, announcements of major investment have come from: Wurth Solar (55M Euros), Miasole ($16M), Nanosolar ($20M), and Heliovolt ($8M). Wurth Solar is a German company that bases its technology on multi-source evaporation, harkening back to the original CIGS work at Boeing and within NREL (all DOE supported). Wurth has about 1–2 MWp of current CIGS production and makes the most efficient thin-film product in the world (about 11% total area efficiency).

The other three are U.S. start-ups that are pre-commercial; in fact, they are pre-prototype module development. Their ideas are based on reducing the capital cost and raising the throughput of CIGS versus existing approaches. Together with NREL support, they are making decent but not outstanding cells (5%–10%). NREL support has been mostly from consultation or Cooperative Research and Development Agreements (CRADAs) with in-house CIGS experts and the NREL Measurements and Characterization Group; and work with the NREL CIS National Research Team. We are starting a new subcontract with one (Nanosolar) to do work in high-throughput selenization of foil-based CIGS films, a known bottleneck in selenization approaches. Overall budget shortfalls in the Thin Film Partnership are preventing us from seeking out additional subcontracts with promising new start-ups, such as Miasole and Heliovolt, and another recent start-up, Daystar ($9M from a public offering in 2004), so we are seeking other forms of collaboration and support. To illustrate the relationships involved: Daystar’s founder, John Tuttle, is an ex-NREL CIS scientist; Heliovolt founder Billy Stanbery, was funded by the Partnership at Boeing and later at the University of Florida; Nanosolar head of R&D Chris Eberspacher was funded by the Partnership at Unisun; and Miasole received direct NREL in-house support via Rommel Noufi and his CIGS team.

The advent of substantial private funding for CIGS start-ups is a major change in the path for development of CIGS. Prior to this, venture money was almost nonexistent, which prevented this channel of development. The change is very favorable for CIGS and allows us to leverage the exceptional in-house NREL CIGS expertise and characterization capabilities as a leading method of supporting outside activities (complementing support via the Partnership subcontracts). However, we also foresee the possibility some new difficulties. Start-ups are notoriously hurried to develop technology, which leaves them vulnerable to pitfalls (e.g., in manufacturing and reliability). None of these start-ups have the resources to test their new products in any depth. Thus we foresee a period when we may need to support them with our own testing capabilities, if only to avoid potential black eyes from first-time manufacturing failures and field failures. We also foresee the potential for these companies to seek local political support, which may in turn lead to undesirable pressure to create new earmarks. This is unfortunate collateral damage from our own budget shortfalls. 

3.6 Thin Film Partnership Management

The Partnership had several management accomplishments of note during the fiscal year, as discussed below. 

Web Site. We completed a major update of the Partnership Web site to make it much more accessible. This was accomplished by:

· Including descriptive text with each entry.

· Making the whole site searchable by keywords and authors. This is a very powerful tool.

· Adding a “most recent” list of the last 10 items posted for those who just want to see what's new.

· Adding a “Features” link to the home page, for newsworthy items such as the recent capacity announcements.

With the new excitement in thin films, we expect the site to be used frequently. Before even being announced, the Web site had 200 hits on April 4, 2005 (site URL: www.nrel.gov/ncpv/thin_film), and now averages over a thousand per day.
PV Materials FAQ. We added a new FAQ to the NREL site that examines the question, posed as “The Terawatt Challenge” by Hoffert and Lewis: Are materials a constraint preventing PV from meeting climate change problems? The answer is that PV can meet climate change problems, with the example examined being 75 TWp by mid-century. Of commodity materials, glass would be the largest growth, but is not materials limited. Of the specialty semiconductor and contact materials, silver (for grids), indium, and tellurium are constrained and selenium is marginally constrained. However, the FAQ outlines a strategy for making thinner cells, recycling waste and end-of-life modules, and refining more byproduct from existing ores to allow the CIS and CdTe technologies to make the needed amounts. The silicon-based technologies are unconstrained and could also meet the TW challenge. These findings are part of the effort to refine our understanding of future PV issues in relation to big picture issues such as climate change.


Energy Payback FAQ Revision. We completed a revision of the Energy Payback FAQ for the NREL Web site. The changes involved:

· Adding a well-documented payback period for the BOS at Tucson Electric (3 months!) as an example of how ground-mounted systems have about the same energy payback as roof-mounted ones.

· Offering further evidence that including the wafer payback cost does not radically hurt c-Si payback.

· Adding some verbiage to help people understand how energy input is properly paid back in the form of PV electricity.

The FAQs are at (www.nrel.gov/ncpv/faq.html).
Tracking Annual Metrics. Each year, we track cell efficiencies, best prototype module efficiencies, and commercial module efficiencies for thin film PV (see Tables 2 and 3). Updated versions are posted on our Web site and can be found via the search page.

Table 2. Best Large-Area, Thin Film Modules

(standard conditions, aperture area)

	Company
	Device
	Size (cm2)
	Efficiency
	Power
	Date

	Mitsubishi Heavy*
	Glass/a-Si
	15625
	6.4% (stabilized)
	100 W
	7/05

	Global Solar Energy
	CdS/CIGS/SS
	8709
	10.2%
	88.9 W
	5/05

	Wurth Solar
	CdS/CIGS/glass
	6500
	13%
	84.6 W
	6/04

	United Solar
	a-Si/a-SiGe/a-SiGe/SS
	9276
	7.6% (stabilized)
	70.8 W
	9/97

	First Solar
	Glass/CdS/CdTe
	6624
	10.2%
	67.4 W
	2/04

	Shell Solar GMBH
	CIS-alloy/CdS/glass
	4938
	13.1%
	64.8 W
	6/04

	Sharp*
	Glass/a-Si/nano-Si
	4770
	11% (stabilized)
	52.5 W
	7/05

	Antec Solar*
	Glass/CdS/CdTe
	6633
	7.3%
	52.3 W
	6/04

	Kaneka
	Glass/a-Si
	8100
	6.3% (stabilized)
	51 W
	7/04

	Shell Solar Industries
	CdS/CIS-alloy
	3644
	12.9%
	46.8 W
	5/05

	Showa Shell*
	Zn(O,S,OH)x/CIGS/Glass
	3459
	13.4% (4 1-ft2 modules laminated together)
	46.45 W
	8/02

	EPV
	Glass/a-Si/a-Si
	7432
	5.7% (stabilized)
	42.3 W
	10/02

	United Solar
	a-Si triple/SS
	4519
	7.9% (stabilized)
	35.7 W
	6/97


*Indicates reported by company, but not independently measured (to our knowledge)

Table 3. Commercial Thin Film Modules, Data Taken from Web sites

(total-area efficiencies)

	Rated Module Efficiency (%)
	Description
	Rated Output (Wp)
	Estimated Price ($/Wp)
	Temperature coefficient*

	11.0
	WürthSolar WS31050/80 (CIS) 
	80
	Above $3
	-0.36 %/ºC

	9.4
	Shell Solar ST-40 (CIS) 
	40
	Above $3
	-0.6 %/ºC**

	9.0
	First Solar FS65 (CdTe)  
	65
	Below $3
	-0.25 %/ºC

	6.9
	Antec-Solar ATF50 (CdTe)
	50
	Below $3
	-0.18%/ºC

	6.3
	Kaneka GEA/GSA 
(single-junction a-Si) 
	60
	Below $3
	-0.2%/ºC

	6.4
	Mitsubishi Heavy MA100 (single-junction a-Si, VHF deposition) 
	100
	Below $3
	-0.2 %/ºC

	6.3
	Uni-Solar US-64 (triple-junction amorphous silicon)
	64
	$3.3
	-0.21%/ºC

	5.3
	RWE Schott ASI-F32/12 
(same bandgap a-Si tandem) 
	32.2
	Varies
	-0.2%/ºC


Compiled by Bolko von Roedern; 8/2005
*Temperature coefficients will vary slightly depending on local spectral content.

**Company source reports -0.48%/ºC may be more accurate for recent product.

Disclaimer: Listing could be outdated or incomplete (missing manufacturers and/or some "best" product); 

prices are estimates for large quantities.
4. Planned FY 2006 Activities
In FY 2006, the Thin Film PV Partnership will continue to address key issues supporting the successful first-time manufacturing or explosive manufacturing growth of each thin film. These will be especially critical in FY 2006, which is expected to be a key year in thin-film growth, with U.S. production rising from about 12 MW in CY 2003, to over 40 MW in CY 2005, and perhaps doubling again in CY2006. Any setbacks in manufacturing yield or outdoor reliability could lead to multi-year setbacks or even technology abandonment in extreme cases.




5.  Major FY 2005 Publications

Bolko von Roedern (Aug. 2005), “Silicon PV Technology at a Crossroad?” 15th Crystalline Silicon Workshop, Vail, CO Aug. 7-10, 2005.

B. von Roedern, K. Zweibel, H.S. Ullal, 2005, “The Role of Polycrystalline Thin Film Technologies for Achieving Mid-Term, Market-Competitive, PV Modules,” Proceedings of the IEEE PV Specialists Meeting, Orlando, FL, Jan 2005.

K. Zweibel (September 2005), The Terawatt Challenge for Thin Film PV, NREL/TP-5200- 38350.

K. Zweibel, H. S. Ullal, B. Von Roedern (October and November 2004), “Finally: Thin Film PV!” in Photon International, M. Schmela (ed).
6. University and Industry Partners

The following organizations partnered in the project’s research activities during FY 2005.

	Organization/

Principal Investigator
	Location/e-mail
	Description/Title of Research Activity
	FY 2005

($K)
	Cost Share ($K)

	Case Western University

Frank Ernst
	Cleveland, OH fxe5@po.cwru.edu
	Liquid-phase deposition of α-CIS thin layers
	35 (ended during FY)
	0

	Colorado School of Mines

Tim Ohno
	Golden, CO

tohno@mines.edu
	Characterization and analysis of CdTe cells
	97 (plus 110 for FY 06)
	0

	Colorado School of Mines Don Williamson
	Golden, CO

dwilliam@mines.edu
	Structure of silicon-based thin-film solar cell materials
	10 (ended during FY)
	0

	Colorado State University

Jim Sites
	Ft. Collins, CO

sites@lamar.colostate.edu
	Analysis of CIS and CdTe devices
	150
	0

	Colorado State University

W.S. Sampath
	Ft. Collins, CO

sampath@engr.colostate.edu
	Development of a robust in-line manufacturing approach for CdTe, and stability assurance
	420
	0

	Energy Conversion Devices

Scott Jones
	Troy, MI

sjones@ovonic.com
	Improved multiplayer back reflectors and nc-Si low-bandgap sub-cells for a-Si multijunction solar cells
	346 (ended during FY)
	100

	Energy Photovoltaics

Alan Delahoy
	Lawrenceville, NJ a.delahoy@epv.net
	Advanced CIGS photovoltaic technology
	337
	70

	Energy Photovoltaics 

Yuan-Min Li
	Lawrenceville, NJ

y.li@epv.net
	Advanced deposition techniques for microcrystalline silicon solar cells and modules
	0 (ended during FY)
	0

	First Solar, LLC 

Rick Powell
	Perrysburg, OH rcpowell@firstsolar.com
	Expanding the Limits of CdTe PV Performance
	133
	85

	First Solar, LLC 

Rick Powell
	Perrysburg, OH rcpowell@firstsolar.com
	Research leading to high-throughput processing of thin-film CdTe PV technology
	700
	700

	Florida Solar Energy Center

Neelkanth Dhere
	Cocoa, FL

dhere@fsec.ucf.edu
	CIGSS solar cells by selenization and sulfurization
	116
	10

	Florida Solar Energy Center

Neelkanth Dhere
	Cocoa, FL 

dhere@fsec.ucf.edu
	Module reliability testing in hot and humid climate
	131
	0

	Global Solar Energy

Markus Beck
	Tucson, AZ mbeck@globalsolar.com
	Tolerance of three-stage CIGS deposition to variations imposed by roll-to-roll processing
	242
	242

	International Solar Electric Technologies

Vijay Kapur
	Inglewood, CA vkkapur@isetinc.com
	Lab to large-scale transition for non-vacuum thin-film CIGS solar cells
	297 (plus 200K FY04 for FY06)
	60

	Iowa State University

Vik Dalal
	Ames, IA

vdalal@iastate.edu
	High-efficiency, narrow-gap, and tandem-junction devices
	63 (ended during FY)
	0

	ITN Energy Systems

Ingrid Repins
	Littleton, CO irepins@itnes.com
	Plasma-assisted co-evaporation of S and Se for wide-bandgap chalcopyrite photovoltaics
	90 (ended during FY)
	10

	NanoSolar

Chris Eberspacher
	Palo Alto, CA

chris@nanosolar.com
	High productivity annealing for thin film CIS PV
	67
	3.35

	National Institute of Standards and Technology

Alan Gallagher
	Boulder, CO alang@jila.colorado.edu
	Measurement of depositing and bombarding species in the plasma deposition of a-Si:H and a-SiGe:H cells
	0 (ended during FY)
	0

	Pennsylvania State U.

Chris Wronski
	University Park, PA crwece@engr.psu.edu
	Phase-engineered a-Si:H-based multifunction solar cells
	169 (ended during FY)
	3

	Pacific Northwest National Laboratory

Larry Olsen
	Richland, WA

Larry.Olsen@pnl.gov
	Barrier coatings for thin-film cell protection
	61 (FY04 carryover 120)
	0

	Shell Solar Industries

Dale Tarrant
	Camarillo, CA Dale.tarrant@shellsolar.com
	Process R&D for CIS-based thin-film PV
	612
	612

	Syracuse University

Eric Schiff
	Syracuse, NY 

easchiff@syr.edu
	Transport, interfaces, and modeling in a-Si:H-based solar cells
	41 (plus 100 FY04)
	5

	Texas A&M University Mike Davis
	College Station, TX mdavis@esl.tamu.edu
	Outdoor monitoring and high-voltage bias testing of thin-film PV modules in hot and humid climate
	69
	0

	U. of Delaware, Institute of Energy Conversion

Robert Birkmire


	Newark, DE

rwb@strauss.udel.edu
	Thin Film Center of Excellence
	1,067
	112

	United Solar Ovonic

Subhendu Guha
	Auburn Hills, MI

sguha@uni-solar.com
	High-efficiency a-Si-alloy-based solar cells and modules
	596
	596

	University of Florida

Tim Anderson
	Gainesville, FL tim@nersp.nerdc.ufl.edu
	Characterization of the reaction chemistry of CIGS solar cells
	5 (ended during FY)
	0

	University of Illinois

Angus Rockett
	Urbana, IL

arockett@uiuc.edu
	Understanding the structural and chemical basis of chalcopyrite solar cells
	0 (ended during FY)
	0

	University of Nevada

Clemens Heske
	Las Vegas, NV

heske@unlv.nevada.edu
	Characterization of the electronic and chemical structure at the thin film solar cell interfaces
	65
	0

	University of North Carolina, Chapel Hill

Daxing Han
	Chapel Hill, NC daxing@physics.unc.edu
	Micro-structural characterization and identification of Staebler-Wronski mechanism of a-Si:H solar cell materials
	0 (ended during FY)
	0

	University of Oregon

Dave Cohen
	Eugene, OR dcohen@oregon.uoregon.edu
	Electronic properties relevant to improving performance and stability of a-Si PV cells
	180
	0

	University of South Florida

Chris Ferekides
	Tampa, FL

ferekide@eng.usf.edu
	High-efficiency CdTe cells by CSS
	99
	7

	University of Toledo

Al Compaan
	Toledo, OH

ADC@physics.utoledo.edu
	CdTe cells made by sputtering
	267
	126

	University of Toledo Xunming Deng
	Toledo, OH dengx@physics.utoledo.edu
	High-efficiency, triple-junction a-Si-H- and nc-Si-based solar cells
	227
	60

	University of Utah

Craig Taylor
	Salt Lake City, UT craig@physics.utah.edu
	Characterization of advanced amorphous silicon materials and PV devices
	118
	0


� EMBED Word.Picture.8  ���

















[image: image4.wmf] 

0

 

20

 

40

 

60

 

80

 

100

 

120

 

140

 

160

 

MWp/yr

 

2002

 

2004

 

2006

 

2008

 

2010

 

a

-

Si

 

CdTe

 

CIGS

 

_1199611434.doc


0







20







40







60







80







100







120







140







160







MWp/yr







2002







2004







2006







2008







2010







a-Si







CdTe







CIGS












