%), U.S. DEPARTMENT OF

JENERGY

Energy Efficiency &
Renewable Energy

Solar Energy Technologies Program

PV Module Reliability Workshop

Golden, CO | February 18, 2010

Kevin Lynn

Acting Team Lead for Systems Integration
Solar Energy Technologies Program

U.S. Department of Energy



U.S. DEPARTMENT OF ‘ Energy Ef—flclency &

Solar Program Sub Elements ENERGY

Renewable Energy

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

Market Transformation
System Integration

Concentrating Solar

Power (CSP) Centralized Generation

- large users or utilities -

U.S. Department of Energy Solar Energy Technologies Program



SETP Sub-Program Focus ENERGY | ne) satoenos &

Renewable Energy

oncentrated Solar

Photovoltaics

FPowel
R&D across a broad range of R&D across major CSP system
technologies to increase technologies to reduce system
efficiency and reduce system cost and support of key
cost demonstration activities
‘Wafer Silicon *Troughs
-CIGS ‘Power Tower
-CdTe +Stirling Dish
-lll-v/ICPV *Thermal Storage
‘OPV/DSSC
*Intermediate Band-Gap
°Nano PV
*Multi-Exciton
Cost Reduction == Goal: Grid Parity
Remove System and Market Barriers —=> Goal: High Penetration
System Integration Market Transformation
Address grid and other barriers Address key industry issues
required for large scale through dedicated initiatives,
penetration outreach and stakeholders
‘Inverter Development -Utilities
*High Penetration Demonstration -State Government
-System Modeling and Analysis -Solar America Cities
*Codes and Standards *High profile demonstrations
Test and Evaluation ‘Workforce Development

‘Measurement and Characterization

U.S. Department of Energy Solar Energy Technologies Program



SETP Programs Cover All Parts of ‘Energy S

Renewable Energy

the RDD&D Pipeline ENERGY

RESEARCH DEVELOPMENT m DEPLOYMENT
PV'&'CSP
Component System Development & Manufacturing

Pmtowpe & PI_IOI Prototype System ] ( Commercial
Scale Production Development lot Pri on and Demonstratio Replication

Systems Market
Material & Device Device & Process Integration Transformation

Concepts Proof of Concept

FEEDBACK / SYSTEM REQUIREMENTS

TECHNOLOGY PIPELINE

Basic Energy Py : PV Incubaturs H  Solar America

Scielj{:es{Suiar Next Gen Solar Energy Grid Technology Pathway Partnerships High Penetration Board of Codes
Utilization Integration Systems & Standards
: CSP Enmponems & Storage Solar Development Zone { State & Utility &

’ H Tech, Outreach }

PV University Product & Process : s Aena

5 Cities

Supply Chain :

é

PV Manufacturing Initiative g Shaweases” ¢

; : 5 Federal

Projects :

Workforce
Development
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Commercial PV: LCOE Targets

Energy Efficiency &
Renewable Energy

U.S. DEPARTMENT OF ‘

ENERGY

2015

With the 30% ITC, PV is
broadly competitive with
commercial electricity
rates.

With the 10% ITC, PV is
competitive with high
electricity rates under the
best insolation and
financing conditions

2030

With the 10% ITC, PV is
broadly competitive under
all financing, insolation
and orientation
conditions.

Standard financial
assumptions yield
LCOE estimates that are
within the program’s
range of estimates due
to similar cost of

capital and mix of tax
and financing period
effects.

Cost of Energy in Cents/kWh (2009$)

Commercial PV

50 .....................................................................................................

2009 2015 (est.) 2030 (est.)

40 PV LCOE with 10% ITC * 29 -50 11-20 9-15
PV LCOE with 30% ITC * 18- 34 7-13 N/A
Commercial Electricity Rates* 6-13 6-13 7-16

30 TR

Investment Tax Credit (ITC)
Changes after 2016

PV LCOE with standardized

financial assumptions
10 TR e e T e o T
0 T T T T T T T T T T T T T T T T T T T T 1
2009 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030
Year

* Assumes third-party ownership of PV, and thus the LCOE includes the taxes paid on electricity generated. Includes 5-year MACRS but not state, local
or utility incentives. The range in commercial PV LCOE is due to different insolation, financing and orientation conditions. For a complete list of
assumptions, see DOE Solar Cost Targets (2009 — 2030), in process.

I The electricity rate range represents one standard deviation below and above the mean U.S. commercial electricity prices.
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Renewable Energy

U.S. DEPARTMENT OF ‘ Energy Ef—flclency &

Testing, Evaluation and Reliability ENERGY

National Labs &
Academia

* Build & communicate knowledge
* New test development especially for emerging
technologies

T&E/R on R&D
products, Field
tests

Test Technology
Transfer

Ind Codes &

L) Standards _

Partners Development Commercial
Improved produc l::: [':;8595,

performance
and reliability

Commercial
product and
Qual testing

« Commercial testing
* New test capabilities for
commercial products

Commercialization

U.S. Department of Energy Solar Energy Technologies Program 6



Thank You ENERGY | ronereti bresy

Renewable Energy

Kevin Lynn

Acting Lead for Systems
Integration

Solar Energy
Technologies Program
U.S. Department of Energy

Kevin.Lynn@ee.doe.gov

www.solar.energy.gov
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Test, Evaluation, and Reliability ENERGY

Renewable Energy

Workshops
Guideline
Documents
Direct
interactions New Cod
ith industr odes
New PV e y) I\:\InetZO:js, >  Standards
Technologies :t: S5 Certifications

Direct Transfer
Of capabilities

Publications

U.S. Department of Energy Solar Energy Technologies Program 8
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