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CEC PIER Grant

Goal: Validate existing research and tools in partnership 

CEC PIER Grant

g p p
with the California ISO, and to integrate the 
methodologies into the California ISO planning process 
in order to address existing and future variability from PV g y
generation
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Cloud Motion Vector ApproachCloud Motion Vector Approach
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Each image is composed of 90,000  1 km x 1 km tiles
Source: Perez
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Quantify Accuracy Using Measured DataQuantify Accuracy Using Measured Data

Irradiance and simulated PV outputp

Multiple time intervals
• Long (year, month, day)
• Medium (1 hour, ½ hour)
• Short (minute, seconds)

Indi id al locations and fleetsIndividual locations and fleets

Historical and forecasted
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ApproachApproach

Obtain ½ hour GHI data for 2011 for 6 locations
• Ground data from two separate sensors from California ISO
• SolarAnywhere Enhanced Resolution data
• SolarAnywhere Standard Resolution data (1 hour data)• SolarAnywhere Standard Resolution data (1 hour data)

Evaluate every data point for data quality

Calc late Mean Absol te Error relati e to energ (notCalculate Mean Absolute Error relative to energy (not 
capacity)

Extend results to fleetsExtend results to fleets

6



S O L A R  P R E D I C T I O N

Example of Invalid Ground Sensor Data 
(Sit A J 22 2011)(Site A, June 22, 2011)
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Screen Invalid Data Using 2nd Ground Sensor and 
SA E h d R l ti (Sit A)SA Enhanced Resolution (Site A)
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Summary: Average of 4 Individual Locations
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Effect of Data Quality Issues?Effect of Data Quality Issues?
Avg. Mean Absolute Error

12% Two types of errors

8%

10%

Two types of errors
• Measurement error
• Invalid data

4%

6%

SA Standard Res

ur

0%

2%

27

ur y h ar

2nd Ground Station
SA Enhanced Res.
SA Standard Res.

H
ou

Time Interval (Logarithmic Scale)

½
 H
ou D
a

M
on

t

Ye
a

10



S O L A R  P R E D I C T I O N

Evaluate the fleet, not individual systems
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Output Variability Reduces with Geographic 
Di itDiversity

10 second irradiance data from 4 x 4 km grid in Napa on Nov. 21, 2010
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Days with Highest Half-Hour Errors SA, Enhanced Res.
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Summary: Average of 4 Individual LocationsSummary: Average of 4 Individual Locations
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Geographic Diversity Reduces Prediction ErrorGeographic Diversity Reduces Prediction Error

Mean Absolute Error of 4‐Location Average Invalid Data
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ConclusionsConclusions

Satellite-based irradiance data have essentially no y
invalid data; ground sensors have 1 percent invalid data

SA Enhanced Resolution has annual error comparable to 
ground sensors  and twice the hourly error when invalid 
data is included

Acc rac impro es (predictabl ) d e to benefit ofAccuracy improves (predictably) due to benefit of 
geographic dispersion
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CSI R&D Phase 3 GrantCSI R&D Phase 3 Grant

ProduceProduce 
SolarAnywhere
High Resolution

Predicted &

Validate PV 
fleet 

simulation 
th d l

Integrate PV 
fleet simulation 

into utility 
ft t lPredicted & 

Forecasted methodology software tools
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Thank you

Questions? 
Contact Tom Hoff

tomhoff@cleanpower.com
l

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.

cleanpower.com
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Appendices
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Mean Absolute Error Calculation ExampleMean Absolute Error Calculation Example
Select time period Select time interval Calculate  absolute error Calculate available energy

/m
2

1.6 kWh/m2/day 4.5 kWh/m2/day1 hour time interval

Reference Data

1 day time period
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Result: MAE relative to energy                   = 36% (1.6/4.5)

Noon NoonNoonNoon

0

Note:   MAE relative to daytime capacity = 14% (1.6/12)

MAE relative to daily capacity       =    7% (1.6/24)

20

y p y ( )


