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Central station PV value to utility
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Distributed PV value to utility
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Output variability

*One factor excluded from a typical value
analysis is power output variability

e Output variability, and thus integration cost, is

based on the structure of the PV portfolio (e.g.,
distributed vs. centralized)
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What is meant by variability?

Irradiance (Watts/m~2)
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Portfolio configuration can reduce variability

Irradiance (Watts/m"2)
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Power output variability is driven by a few factors

For a single PV system, changes in short-term output
are driven by:

1. Clearness of the sky

2. Sun position

For a portfolio of PV systems, changes in output are

driven by the same forces as those of a single system
but also include fleet configuration
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CSI RD&D project

®* Enhance spatial and temporal resolution of
SolarAnywhere”®

* |ntegrate output variability into PV simulation tools
® |ntegrate PV into distribution modeling tools

® (Create tool to calculate economic value of a PV fleet
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Use SolarAnywhere to assess variability

Eureka % ¥

- Redding = J ' L ESaE L Yo

- ~ : . M Lake Al Al ’
Sterra Salt Lake Clj

Nevada Basi n i QL‘.\:‘!!

CALIFORNIA _' N EV.-'\ DA [ .5'..,' UTAH

-

Sacramento “ Carson City 25
0 -
tocklon

o Modesto

hlr.(,l.)C()C o .C(,.dar Cl:)r
(o)
San Jose Fresno
0 (=]
Salinas .

C
St George
Las Vegas :
Visalia Yo A e Hopi
. LR.
Ku‘qmm‘

B lﬂ(‘f\ﬂl‘ (A .'O"IVI' D' \Cl’t A R I 7 O PJ A
o Los Angeles | “Prescott
.~ . L ) -~ -
Oxnard San : Phoenix San
Andreas . - - Carlos
1 Fault 3 - .
San D»ogoc = Mexicall LR.
RO SNl Sonoran L Tucson
San Luis RIOTEEESS Desert SRy
Colorado ™% Nogales

Sanla Maria

Copyright © 2010 Clean Power Research



Select 15t station every 200 km in the southwest

Los Angeles
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Add a station pair 10, 30, ... 190 km from 15t station

Los Angeles
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Calculate change in clearness index correlation

e Select 12 years of solar data for a portfolio of two
locations between 10 and 200 km apart

e Calculate correlation coefficient for the change in the
clearness index

* Repeat this 40,000 times
* 1,000 portfolios — pairs of locations
 Time increments of 1,2, 3, or 4 hours
10 irradiance bins
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Output variability for a portfolio of PV is predictable

Standard deviation (W/m?) in output variability
between two locations for 40,000 scenarios
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Based on 12 years of solar data

Figure presents 8,000 randomly selected results  Copyright © 2010 Clean Power Research



e Qutput variability for a portfolio of PV is predictable for longer
time increments

e Results appear to scale to shorter time increments

e Verification of results is in process
—Virtual networks (Perez)
—Higher resolution SolarAnywhere data
—Short-term data collection

* Verified results will be integrated into value analysis and planning
tools
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Next steps: PV fleet variability forecasting?
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The information herein is for informational purposes only and represents the current view of Clean Power Research, L.L.C. as of the date of this presentation.
Because Clean Power Research must respond to changing market conditions, it should not be interpreted to be a commitment on the part of Clean Power Research,
and Clean Power Research cannot guarantee the accuracy of any information provided after the date of this presentation.

CLEAN POWER RESEARCH, L.L.C. MAKES NO WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, AS TO THE INFORMATION IN THIS PRESENTATION.
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