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Solar Resources — Germany vs. US
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U.S. solar insolation (the amount of usable solar resources) far exceeds that of Ger-
many. Yet Germany is the top market for installed solar energy in the world due to
far greater policy support. Source: SEIA



Three solar development tracks

e Customer-driven PV-—
Predominant today; benefits to the utility mostly incidental

» Central-station (CSP) technologies—

Similar to conventional generation model, usually using concentrating
thermal technologies; useful, but limited by land & grid requirements, line
losses, and resource variability issues that are mitigated by distributed PV
strategies (below)

o Utility-driven strategic DPV (utility controlled or owned) —
Deployed on land or rooftops, designed to utility specifications

(e.g., location, scale, orientation, and operation). Its design, procurement,
and operation are strategically planned to deliver value to the utility,

In terms of generation, transmission, and/or distribution system

benefits, beyond those that naturally occur whenever PV is sited &
operated on the utility system.* Typical scale-- 100 kW to 5 MW per site.

*See Cliburn and Robertson, ASES 2005, 2006



Utility-scale solar — a new
perspective

Distributed PV, strategically deployed
Fills a unique niche in generation portfolio

Crucial for mix that will provide consistent,
reliable power

e.g. solar, geothermal, wind, natural gas

Essential for jump-starting solar markets
and creating jobs




Utility Solar on the Rise

Early 2006 — About 1 GW total PV in nationwide
2008 — Utilities committed to to >1.6 GW PV in one year alone*

Similar development curve to utilities’ adoption of wind, but bigger/faster
o Utilities like SDG&E, Excel have publicly acknowledged strategic value
» Solar—and utility solar—as part of the green economic recovery
 Innovations—siting on brownfields, medians; financed by ownership,
PPA or hybrid models
« PSE&G’s February 2009 announcement—120 MW DPV planned by a
utility that has done its homework
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* > 5 GW, including CSP



PV Modularity

risk management of potentially overbuilt G, T & D

Install central source

Ly
¥

r-------

™

x \ Electric load

2

=]

L

== .

3= ;; Lead time and cost of large resource
g pe===== ldle capacity of large resource

2 r--

= | Overbuilt capacity

Capacity: large sources

Install DG source = mm  Capacity: DG sources

» Time

Source: J. N Swisher, “Cleaner Energy. Greener Profits: Fuel Cells as Cost-Effective Distributed Energy Resources™ {RIMI, 2002}, wanacrmi org sitepages/pid171 php

Source: RMI/SIP, 2002




kilo-Watt-hours

200000

180000

160000

140000

120000

100000

50000

60000

40000

20000

Monthly PV Energy Output - 1 MW in Upper Midwest
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Peak load hours expensive to serve
Top 15% - 25% of load hours match up with PV
capacity availability in most of US

PIM Hourly Load Duration Curve PJM Price Duration Curves
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Why Peak Demand is Key

* In summer 2006, the U.S. broke the all-
time record for electricity demand.

 Climate-change will continue to drive air-

conditioning related summer peak demand.

» Many regions face constraints on new G,
T, and D capacity

» Weather profile for a summer peak day:
hot and sunny, little wind, possible clean-
air alert
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Costs skyrocket as power demand nears
capacity. Electricity cost in Mew York City
on the day-ahead market, where the bulk of
electricity is purchased.
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Uncertainty in Future Natural Gas Prices
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Delivered Natural Gas Price for Electric Generation

Forecasts 2008 - 2038
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References:

EIA 2008 - Reference: http://www.eia.doe.gov/oiaf/aeo/aeoref_tab.html Note: Prices held constant after 2030
CA PUC - Reference: http://www.ethree.com/MPR.html

NYMEX - (2007 Dollars) escalated forecast provided by WPSC, Wisconsin PSC Docket #6690-UR-11

Bardwell — Testimony to Colorado PUC, Docket #07A-447E, April 28, 2008 Note: Prices held constant after 2030
LNG — Recent 2008 Japanese and Spanish contracts




TABLE 1

Some of the Sources of Value for Utility Distributed PV

Peak and Intermediate Load Values

Policy-Driven Values

T&D system costs & congestion relief

REC value & RPS compliance costs

Generation capacity & reserves

Avoided rebate costs per solar deployed

Natural gas savings

Avoided net metering per solar deployed

Purchased power

Grid modernization

Environmental

Line losses

Risk Management Values

Reactive power & voltage support

Grid reliability & outage prevention

Scheduling and dispatch

Natural gas fuel price volatility

Regulation & frequency response

Natural gas availability

Financial risk

Business Model Values

Carbon cost

Tax investor participation (as needed)

Insurance/climate risk

PV system portability

Generation portfolio cost

Costs and benefits of solar integrated into
ratebase

Green development partnership at public or
private customer sites




Summary...

Electric utilities with summer peaks can build and own distributed PV
as a cost-effective peak and intermediate capacity resource to
serve |loads on the G, T & D system

If capacity is to be most valuable, synergies required with smart grid,
energy efficiency, load management, plug in hybrids, local energy
storage and demand response

PV energy can be significant in climate mitigation -- bigger, faster and
cheaper than commonly assumed

PV RECs can be produced at less cost than commonly assumed

Utility-driven PV complements but does not replace customer-driven,
policy-supported PV



Solar on the grid can be at
various scales and locations

Scale can range from
kW to Multi-MW to
meet utility needs at
specific locations

e







2008 Solar Victories

 WP&L tripled solar in green power
program
— 687 kW
— Approx. $5.1 million

« WPS added solar to green power program
for the first time
— 300kW
— Approx. $2.3 million
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WP&L and WPS Case Studies

« WPL could install 517 MW over 10 years
— $3.8 billion net benefits
— 17.5 million ton global warming pollution reduction

 WPS could install 232 MW over 10 years
— $1.5 billion net benefits
— 8 million ton global warming pollution reduction

 Real-life start: ERGS Settlement — 15 MW of
solar by 2015 from MG&E, WE Energies, and
WPPI.



WI’s Utility Solar Collaborative

PSC Charge:

 Identify and assess current financial and business
models available

 Identify and assess costs

 Identify and assess benefits, including:
— Peak and intermediate load operations
— The utility as a business
— Policy objectives, including RPS and GHG reductions
— Ultility risk management

» ldentify and assess technical, market, and policy issues
that may affect the potential for utility investment

e Short-term and long-term recommendations



Build Solar Now or Later ?

Waiting for the big “technology breakthrough” or
lower costs Is a gamble

Solar can be built inexpensively NOW.

— Commodity prices (copper, steel, concrete) are at multi-
year lows

— Module prices are at multi-year lows due to supply glut

Building solar inexpensively now can pay
dividends when natural gas prices rise

— Solar is a 30+ year resource and requires a long term
planning horizon

Better for the economy to build in the short-term



The Goal: 1,000 MW solar by 2020

e 34 million ton reduction in global warming
pollution

e $6 billion to $8 hillion in economic benefits
to utilities and ratepayers

 Green, family-supporting jobs — estimated
3,800 for every $100 million investment

* Free fuel forever
 Reduced air and water polllution
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