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DOE Solar Energy Technologies Program
Accelerating the U.S. Solar Industry

International Photovoltaic Reliability Workshop I

Removing Barriers to Photovoltaic Technology Adoption:
Reliability, Codes/Standards, and Market Acceptance

July 29-31, 2009 — Tempe Mission Palms Hotel, Tempe, AZ, USA

Chris Cameron
Sandia National Laboratories
On Assignment to the DOE Solar Energy Technologies Program



U.S. DEPARTMENT OF

Organizational Structure ENERGY

U.S. Department of Energy Energy Efficiency, Renewable
Annual Budget: $27 Billion (FY09) v Energy (EERE)

.’ Annual Budget: $1.9 Billion (FY09)

10 Programs

Energy Efficiency Renewable Energy
Building Technologies Wind & Hydropower
Weatherization & Biomass
Intergovernmental Geothermal

Industry and

Office of Sci . ;
p>5 | Office of Science »  Capital Markets

Industrial Technologies Hydrogen, Fuel Cells &

Federal Energy Management Infrastructure

Vehicles and ....

‘IIIIIIII

Solar Energy Technologies
Program (SETP)

Annual Budget: $175 Million (FY09)

~20 Staff (incl. contractors)
2
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U.S. DEPARTMENT OF

The SETP is executing four critical subprograms to reduce
solar technology cost and achieve high penetration EN ERGY

Distributed Generation
- on-site or near point of use -

Market Transfor
Grid Integrat

Concentrating Solar
Power (CSP)

Centralized Generation
- large users or utilities -

U.S. Department of Energy Solar Energy Technologies Program Slide 3



U.S. DEPARTMENT OF

The Solar Energy Technologies Program Budget EN ERGY
Subprogram FY 09 FY 09 FY 10
Prog Appropriations Recovery Request

PV Applied Research
and Systems $124.54 m $51.5m $149.47 m
Development

Concentrating Solar

Power $24.31m $25.6 m $78.42 m
Systems Integration $12.12m $25.5 m $29.66 m
Market Transformation $14.03 m $15m $27.45 m
Solar Energy Hub --- --- $35m

TOTAL $175 m $117.6 m $320 m

U.S. Department of Energy Solar Energy Technologies Program Slide 4



U.S. DEPARTMENT OF

The SETP is focused on enabling high penetration of solar EN ERGY

energy technologies and achieving grid parity by 2015

80 18
< HISTORICAL TARGETS »

Cost of Energy in Cents/kWh ($2007)

(M) Anoede) pajjelsu| 'S'n dAREINWNY

Residential
& Commercial Rates

0 ‘ ‘ ‘ ‘ ‘ -0
1990 1995 2000 2005 2010 2015 2020
Current U.S. Market Cost (¢/kWh) Cost (¢/KWh) Cost (¢/kWh)
Market Sector Price Range (¢/kWh) Benchmark 2005 Target 2010 Target 2015
Residential 58-16.7 23-32 13-18 8-10
Commercial 5.4-15.0 16 - 22 9-12 6-8
Utility 40-7.6 13-22 10-15 5-7

U.S. Department of Energy Solar Energy Technologies Program Slide 5



Historical DOE Role: U.S. DEPARTMENT OF

R&D Focus for Advancing Solar Energy ENERGY

44
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= Focus on narrow and quantifiable metrics: $/W, cell efficiency, g/W, etc.
» Fund risky technologies: advanced materials, designs, processes, products

» Provide support for new and emerging industries p
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Current DOE Role: Solar Energy Technologies  us oerarmmentor

Program works along the whole RD&D pipeline ENERGY

Component System Development & Manufacturing Market

Prototype & P!IOt Prototype System Manufacturing-Oriented | Commercial Production Commercial Transformation
Scale Production Development Design & Pilot Production Demonstration Replication

Material & Device ' 'Device & Process
Concepts Proof of Concept

FEEDBACK / SYSTEM REQUIREMENTS

TECHNOLOGY PIPELINE

Basic Energy PV Incubators Solar America
f Sciences/Solar : Technology Pathway Partnerships { Board of Codes
f  Utilization : H & Standards

CSP Awards | State & Utility
H Tech. Outreach

PV University Product & Process Solar America
Cities

Supply Chain :
H Solar America

SETP ACTIVITIES

: : : | Showcases
Quantifying System & Value gt Federal
Enhancements in TECHNOLOGY EVALUATIONS | Bk
Ke”; Perl'_fggréance Parameters: #*System Engineering & Manufacturing Dg:;l;m::m
2: Cost ¥Modeling & Analysis
3. Reliability *Reliability
4. Performance ]
5. Manufacturing Capacity ¥Test & Evaluation

U.S. Department of Energy Solar Energy Technologies Program Slide 7



The SETP works with a number of stakeholders to

U.S. DEPARTMENT OF

ENERGY

grow and accelerate the U.S. the Solar Industry

Technology
Innovation and Policy

New Markets and ‘

Applications

Federal Policy
Makers and
Other Agencies

Universities
and National

The PV industry has the Labs

potential to enter a
“virtuous cycle” of lower
cost, new technology

and expanded markets.

State Legislators
and Regulators
Solar and

Other Industry
Groups
Financial
Industry

Private Investment

A

Manufacturing A

Scale-Up Building
Industry and

Workforce Dev A
Groups

To reach it’s full potential,
the PV industry requires
close coordination
between a number of
public and private entities.

Cost

Reduction

e 8

U.S. Department of Energy Solar Energy Technologies Program



The solar program will need to be continually U.S. DEPARTMENT OF

rebalanced to adjust to dynamic industry conditions ENERGY

Early Stage vs. Market

Applied Research Transformation
CSP vs. PV Research

International

Relationships Need for

Grid Integration

University Research Laboratory vs.
Need for Industry Research
Manufacturing

Research

U.S. Department of Energy Solar Energy Technologies Program Slide 9



U.S. DEPARTMENT OF

Challenges: Photovoltaics ENERGY

« Continue to drive down costs and develop sufficient product
diversity to address and maximize all market segments

« Ensure adequate supply chain for a large and rapidly growing
industry

« Continue to provide reliable products with 30 yr lifetimes (both
actual and perceived)

U.S. Department of Energy Solar Energy Technologies Program Slide 10



U.S. DEPARTMENT OF

DOE’s industry R&D programs include diverse EN ERGY

technologies for potentially diverse PV markets

B0 [

Ll R R -“1366Te'chh0rogiés; ------------------------------ " NewIncubator Awardees =
s  Innovalight M Continuing Incubators
§ . | EECETRREEETPPPREITPPRPRRTPPPRRRR | CaliSolar. .. ... B TPPProjects
S
[
Z BP Solar
T A5 [ B
2 | Skyline Solar
s I SolFocus
s om0 6E
g Amonix - Solasta
= - Solexel | SoloPower

sl M- .- - B oo -

i SunPower Dow Chemical
l Boeing s Microlink Uso Nanosolar [ AVA Solar Plextronics o
0 I soliant - Boeing (Spectrolab) - PrimeStar - Konarka = GreenRay Solar
e NS > > o L& & N
%®® QQ’Q’ %gé <<§¢\ Q}Q) Q)b Q)Q\(’ '\‘,2’6 \Q’Q‘b;\\(@
N N N NS EORSE
& o T

* Technology Pathway Partnerships focus on minimizing total system cost

* Incubator program focuses on scaling up innovative new solar
technologies
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U.S. DEPARTMENT OF

DOE’s Next Generation PV seeds the beginning of EN ERGY

the pipeline with high risk/ high payoff projects

I
I 1

U of Illlinois I Wakonda Technologies '

MIT Pennsylvania State U Soltaix, Inc. Stanford U U of South Florida '
. . L}
Advanced Thin Films Arizona State U U of Delaware MIT
- Tandem Cells

High-Efficiency Multi-Junction Arizona State U '
Hybrid Organic/Inorganic U of Florida '

Intermediate Bands | il e ol '
Multiple Exciton Generation Solexant, Inc U of Colorado

(UOEUI U of California, Davis U of Michigan U of Washington

Plasmonics CA Institute of Tech || U of California, San Diego

1
1
Sensitized Cells SIS EEREC] ' E
\ |
Other Mayaterials, Inc. Solasta, Inc. Stanford U

0 1 2 3
NUMBER OF PROJECTS

U.S. Department of Energy Solar Energy Technologies Program Slide 12
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Concentrator Cells

Advanced Thin Films
- Single Junction Cells
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U.S. DEPARTMENT OF

Challenges: Grid Integration ENERGY

« Ensure safe and reliable two-way
electricity flow

* Develop smart grid interoperability

« Create models for renewable systems
that allow them to be included in
planning and analysis tools

» Integrate energy storage for short-term
load balancing and long-duration peak
shifting

» Integrate solar with time-of-use pricing
and demand response

« Develop more reliable inverters (>10
yrs)

« Understand how a multitude of large
megawatt systems affect grid stability

« Understand how various climates and
conditions affect system reliability

U.S. Department of Energy Solar Energy Technologies Program Slide 13



U.S. DEPARTMENT OF

Addressing Grid Integration Barriers ENERGY

« Solar Energy Grid Integration
Systems (SEGIS) is an industry
partnership collaborative program

— Will allow customer-generated

electricity to be better i B
allocated '

— Defines requirements for
energy storage I

— The SEGIS “brain” is expected «

to be a combination of the
inverter, controller and energy
management system

Internet
Data Uplink

<

ul
Green power
Bill reduction —
Backup power | Monitoring Gateway  Plug-in Hybrid Vehicle
Monitoring services
O&M services

Metering
Data Validation

= Electric Power === Value Information === Operations Information

 The PV Community Project
focuses on the testing and
evaluation of fielded PV systems
to develop a database of field
data

U.S. Department of Energy Solar Energy Technologies Program Slide 14



SEGIS Program Phase | Awards for Advanced EﬁMERmRE&OFY

Inverters/Controllers/Energy Management Systems

SEGIS Phase-l Awards
R TR TTET
7, R R ALEITEEEECEREEE IRt  [RAETREEESE  ERReteE e e TR E e
N EEEEEEETEEPEEPRET T ESRLACEEEERE]  [EEFRERRETE  EEEE R TR R TR
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Energy
Center
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U.S. DEPARTMENT OF

Challenges: Market Transformation ENERGY

« Shortage of information about solar
technologies and little consumer awareness

» Insufficient product standards

* Inconsistent interconnection, net metering,
and utility rate structures and practices for
solar systems

* Inadequate codes and complex and
expensive permitting procedures

* |nconsistent and insufficient state and local
financial incentives and other market drivers

« Lack of flexible, sophisticated, and proven
financing mechanisms

» Limited education for and insufficient
numbers of trained and experienced
personnel and services

U.S. Department of Energy Solar Energy Technologies Program Slide 16



U.S. DEPARTMENT OF

Addressing Market Transformation Barriers ENERGY

« State Technical Outreach

— Working with regulators and policy makers to ensure proper policy framework
» Utility Technical Outreach

— Working with utilities to foster their acceptance and use of solar
» Codes and Standards

— Collaborating with code officials to create uniform practices in solar code
development

« Education, Training and Workforce Development

— Working with training centers and certifying bodies to foster a robust qualified
workforce

« Solar America Cities Partnership
— Partnering with 25 cities to assist with city-wide solar energy adoption
« Solar America Showcases
— Providing technical assistance for large scale, highly visible PV installations

U.S. Department of Energy Solar Energy Technologies Program Slide 17



U.S. DEPARTMENT OF

Global PV market projections ENERGY

Projections made before the current financial crisis predict significant growth, with even the
most conservative forecast shows over 25% compound annual growth from 2008 to 2012.
Global PV Market Projections

25,000
Photon (2008) Market R
Deutsche (2008) Baseline Supply P 0
20,000 = = 'Goldman Sachs (2008) Supply | S
= = 'Simmons & Company (2008) Supply .’
Navigant Accelerated (2008) Market
> g
[~ Simmons & Company (2008) Demand
5 15,000 Goldman Sachs (2008) Demand
2 JP Morgan (2008) Demand/upside
= = = 'JP Morgan (2008) Supply .
"8 10,000 | - - 'Navigant Conservative (2008) Market [ — — = "=~ = T e
yo—
O
5,000 | e
0

2004 2005 2006 2007 2008 2009 2010 2011 2012
Year Source: Company Analyst Reports / FACC

In a program-funded review of recent global module demand forecasts, not yet published,
the median estimate of growth is a four-year CAGR of 34%, with little change to the most
conservative predictions.
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U.S. DEPARTMENT OF

PV Module and System Reliability ENERGY

Rapid production scale-up and new PV technologies and
system designs, driven by increasing private investment,

are making “reliability” a growing priority

T 1.0 = I B}
%TIMERELIABILITYST@(&%% L
ACCELERATED & DIAGNOSTIC R@a | .
g
< MTIGATION >§ P O"QTA’” o
. . . .T 0'00 5L_J1o‘/_:5__- 2i0 2|5_

Technology

Detect failures, in order to predict performance & lifetime;
Mitigate failures to achieve excellent performance & low cost 19
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Industry Workshops Conducted Domestically and ~ u.s- oepartment or

Internationally to Address Reliability Issues ENERGY

In the U.S., Accelerated Aging
Workshops have provided a

platform for high-level technical
i ™ discussion on reliability, quality,
and safety issues.

AM

Reliability in Photovoltaics

EPORT
poE SET
TO:
. SET! gET
nnnnnnnnnnn B atangard gx;&‘ .
gtandards &0 & e . Department of Energy fdik
santdand o 7] & @ XEAdAS
tor SETP'S U @4 K< SRS —
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- 23 June -3
E L cam v International Ph Reliability Workshop (IPRW) I t [ .
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- Seplember &, 2008
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'\T\gﬂe‘mﬂm sioges (LEDS) Vice Prasent L Ly
1 W Suntech Power Co., Lid.
aoEe SETR MASE iz tolawled 17-6 Chang Jiang Road. e Ia I I Or S O S
e an e New Disirict Wuee 214028,
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L i " This event |z intanded o promote
SIDE mEEﬂNGS quality and reSability in China and India.
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Jiao-Tong University.

P e affecting the global industry.
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P 20
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U.S. DEPARTMENT OF

ENERGY

1) Long-term Reliable Performance of Modules & Systems Critical to Cost
Parity .

* More than 20 years required for most components and systems.

$0.35
$0.30
$0.25
$0.20 —

50,15

LCOE ($/kWh)

S0.10—

$0.05

$0.00

03845301

2005 Baseline 2010 2015
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2) Long-term success of the industry depends on it.

« The incentive-driven global market along
with non-discriminating buyers will change.
Major product failures could disrupt growth.

— Passage of 30% ITC and State RPS’s has
created strong demand in the US

« The expected growth trend also created a
wide range of new companies with unknown
quality and reliability of product
performance.

— Even within the solar industry, disconnects
about “reliability” exist among manufacturers
/ installers / consumers.

» Perceptions of reliability risk (with or without
a technical basis) are driving discounts into
module prices.

USD$/W

o1
&)
|
\

&)

2007 Si Module Prices

.
o

N

w
o

w

Germany Japan China USA

Solarbuzz and PHOTON
International, Aug. 2007

Corporate reputation, reliability history, and consumer perception affect pricing.

Proven reliability can lead to positive market differentiation.

For example- note resale value of Toyota is comparably higher than Chevy in the US.




U.S. DEPARTMENT OF

Why focus on PV reliability? ENERGY

3) Growing Significance of Asian PV Module Production.

 In 2007, China accounted for more than 22% of global PV production in 2007 (PV News).
Approx. 98% of PV is exported.

1995 PV Cell Production — 77.6 MW 2007 PV Cell Production — 3733.1 MW
RO/ ROV
635 M 254.0 MW
8.2% 16'1.?15an';w °e% gz'inagan';w
21 1% -

China \ 24 6%
221.0 MWy
22 0%
Maturing
Global Industry

——

Taiwan
2620 MW
2.9%
. Europe India ~
2010 p 412 WY n
usA 25.9% 1.1% Vi - Europe
24 75 MW e usa T o B 1062 2 MWWy
44 8% 2661 MW 28 5%
7%
Data From PV News — Prometheus Institute Data From PV News — Prometheus Institute
(March 2001) {March 2008) 93
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Poor System Quality and Reliability Adversely U.S. DEPARTMENT OF

Impacted U.S. Solar Water Heater Market Growth ENERGY

History of U.S. solar water heater industry

13000

11000 v — Product failed at early stage

= 10000 ' Federal i

£ oo ; e of production ramp.

5 J | available . .

£ o0 iy — Primary problems affecting

£ 000 .’!” the technology’s success: short-
2000 | 4| A term tax incentive, poor system
1000 74% T e reliability, inefficient technology,

1974 1979 1984 1989/‘9{1999 2004 and aesthetlc appearance

U.S. solar thermal collector shipments
EIA Data

Solar water heater shipments '97-'06

1400 =
-Tzzz Z{%EE\II/:S // — Key recommendation from
- y survey results: communications
§ 600 — // on solar water heaters should be
8 a0l S — \// — primarily focused on a message

w0t of low maintenance and strong

% %% % % % B % % % % % | warranties (NREL 1999).
U.S. solar thermal collector shipments EIA Data
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COMMON RELIABILITY PROBLEMS

Corrosion of

De-lamination Broken

Glass breakage can CaUSes ) soldering joints
_ poor heat

present high-voltage  -ansfer in addition interconnects

safety problems to optical decoupling

Risks- REC Solar recalls 420,000 panels @ $56MK.

http://Iwww.solarfeeds.com/greentech-media/7596-rec-to-recall-all-of-its-solar-panels-from-2008.html

Standards, certifications, and appropriate testing can reduce the prevalence of

commonly known failure modes.



U.S. Solar Energy Technologies Program

U.S. DEPARTMENT OF

Reliability Programs and Activities 3,15:{c)

U.S. Department of Energy
Develop Web-Based Photovoltaic (PV)

Database (Funding $1.5M over five years) o

eere.energy.gov/solar/upcoming_opportunities.html

National Renewable Energy Laboratory
Accelerated Aging Testing Centers

Real-Time Reliability Studies

2

&

4

al)
$=

o »Me=L
Predictive Model Development

The Atlas 260 is one of several accelerated-
_ o _ testing chambers in the high-bay laboratory
(Funding- $4.2 Million in FY09) at OTF. (NREL)

Sandia National Laboratories
Accelerated & Diagnostic Reliability Testing

Center for System Reliability - Southwest Technical n
_ o @gﬂ};ﬂg?;ﬂes Development Institute
(Funding- $1.6 Million in FY09)

Florida Solar Energy Center @

26
Slide 26

Regional Experiment Stations
System Long-Term Exposure Tests
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http://www.sandia.gov/index.html�
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U.S. DEPARTMENT OF

Joint Events Leading to this Workshop ENERGY

« December 2007: Participated in a Suntech-
organized conference in Wuxi, China.

« February 2008: Coordinated with the Asia
Pacific Partnership (APP) to expand U.S. —
China engagement on reliability.

%A oy
. ! DEVELopMENT &

« June 2008: Participated in a NIST-organized
codes and standards workshop.

« December 2008: International PV Reliability
Workshop in Shanghai, China. YELARY

SHANGHAI JIAO TONG UNIVERSITY
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U.S. DEPARTMENT OF

Collaborative Workshop & Follow-up Activites ENERGY

December 4-5, 2008: International PV Reliability Workshop in Shanghai.

— Information-sharing with a focus on PV module qualification
standards and methodologies currently being used in the U.S.,
Japan, and the EU. Most of this information is based on I[EC
procedures.

— U.S. Co-organizers: U.S. Dept. of Energy, Asia-Pacific Partnership,
National Renewable Energy Laboratory, Sandia National
Laboratories, Underwriters Laboratories.

— Chinese Co-organizers: Solar Energy Institute of Shanghai, Jiao-
Tong University, Suntech Power, China General Certification Center,
China Quiality Certification Center, Wuxi National PV Test Center.

— Sponsors: Suntech Power, LDK Solar, Trina Solar, Jolywood

(SuZhou) Solar Material Technology, Underwriters Limited. ‘?ﬁﬁi‘, NR=I
‘.&_% -
July 29-31 2009: International Photovoltaic Reliability Workshop I
— Arreciprocal U.S.-based technical training workshop with Sandia
solar stakeholders from China and elsewhere and SNL, NREL, @ {“aﬂt}jgg;'mes

RESs, FSEC, ASU, TUV-Rheinland, APS and associated partners.

— Removing Barriers to Photovoltaic Technology Adoption:
Reliability, Codes/Standards, and Market Acceptance

Winter 2009: Summary Report.

28
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U.S. DEPARTMENT OF
Thank You ENERGY

PR

Contact Information:

JoAnn Milliken
Solar Energy Technologies
Acting Program Manager

\"'

Email:

U.S. Department of Energy . Y
joann.milliken@ee.doe.gov
Phone: 202-586-2480

. ' W
. , - 9 X e &
‘.P 3 » _
A -
on the web: |
www.solar.energy.gov " 8 L
Sign up for SETP quarterly

newsletter by emailing: iy ‘ ’
solar@ee.doe.gov '
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U.S. DEPARTMENT OF

ENERGY

Back-up Slides

30
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Funding for the SETP has been increased in u.s oerarmment o

ENERGY

response to the Solar America Initiative

DB el Ll Ll Ll

200 Sebis Sare oSS vl Sies TGS SR Seiia G Sidtune MRS SRNON S e Sl ST SN sbve LR YRice Seiion Sunols cuuoisitiny Srede BiRvend Leadt SUivL SGuss G s

TR = = semmmmmmmein wromis e omsmcnmmom i 00 < ~ -~~~
Solar America Initiative

Announced

100) s o555 s s s s s evm s 155 £ " PO

Budget ($ Millions)

50 1--

FYo1 FY02 FY03 FY04 FY05 FY06 FYO7 FY08 FY09*

*Excludes Recovery Act Funding
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U.S. DEPARTMENT OF

Program Budget Breakdown =~ ENERGY

Market By Technology oer  BY Recipient

Transformation
5.8%
8% ’

Systems
Integrations
6.9%

University
5.2%

Concentrating
Solar Power
13.89%

By Term

Long Term
R&D (>7 yrs)
10%
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