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Presentation Notes
This slide presentation contains notes for most slides with explanations of the data presented.
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Objectives and Overview
Task 4: Collect High-Resolution PV Data

 The purpose of this task is to collect high-resolution, time-series solar data that can be used 
to define the PV output to understand the impacts of high penetration when performing 
scenario analysis.
 In parallel to the modeling efforts, high-resolution solar data was collected to define the PV 

output to understand the impacts of high penetration when performing scenario analysis.
 In order to understand the specific effects of PV output variability, high-resolution solar 

output data was collected utilizing single-module solar monitoring systems mounted on 
utility poles to capture time-series measurements of actual PV output and solar resource.
 In total, 20 monitoring systems have been installed across selected simulation feeders. This 

ensures data collected accounts for the spatial relationships of measuring points, as well 
as, the time synchronization of PV power into the grid to account for the diversity in 
distributed PV outputs. 
 The monitoring units include an ac power meter to measure PV system output (real and 

reactive power, voltages, and currents) and a pyranometer to measure plane-of-array solar 
irradiance. Data was recorded at 1-second intervals to adequately capture variability of 
solar caused by cloud movements.
 Monitoring systems in the San Diego area were deactivated prior to 2015, and data from 

2014 was used for those sites’ analyses (for other sites, 2015 data was used). Solar 
measurement data was analyzed for the 6-month period January-June.
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Single-Module PV Monitoring System
PV module, pole-mount frame, and monitoring box are pre-assembled
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Single-Module Solar Monitoring Systems
Installed in California on utility poles
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Single-Module Solar Monitoring Systems
Installed in California on utility poles
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Solar Radiation Characteristics

California Solar Initiative
Screening Distribution Feeders: Alternatives to the 15% Rule

Task 4: Collect High-Resolution PV Data
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Average Daily Insolation (kWh/m2/day) – Jan. to June

Westley

6.03

Shafter

5.89

Hammock

6.02

Coverfield

5.45

Fallbrook

5.60

Vine

6.00

Valley Center

6.03

Fallbrook and Valley Center data are from 2014; 
all other sites are from 2015

Presenter
Presentation Notes
Excluding Fallbrook and Coverfield, all sites are within 0.14 kWh/m2/day of each other. Fallbrook has mid-day shading which lowers insolation, and Coverfield’s orientation is not optimal (facing southeast instead of south).



9
© 2015 Electric Power Research Institute, Inc. All rights reserved.

Categories for Daily Variability Conditions
Sandia’s variability index (VI), clearness index (CI) to classify days

 

 

 

 

 

    
  

 

 

 

 

 

 Clear Sky POA Irradiance
Measured POA Irradiance

High

Moderate

MildOvercast

Clear

VI < 2
CI ≥ 0.5

VI < 2
CI ≤ 0.5

2 ≤ VI < 5

5 ≤ VI < 10

VI > 10

Presenter
Presentation Notes
These variability conditions were chosen by EPRI based on field monitoring of solar resource across the US. VI is the ratio of the length of the measured irradiance curve to the length of the clear sky irradiance curve based on 1-minute average data. CI is the ratio of the area under the measured irradiance curve (energy) to the area under the clear sky irradiance curve. Categorizing variability in this way allows one to quickly compare the variable resource across seasons and at different locations.
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Daily Variability Conditions – Jan. to June

Overcast
Clear
Mild
Moderate
High

Valley Center data are from 2014; 
all other sites are from 2015

5%

39%

22%

23%

12%
Westley

6%

34%

22%

22%

16%

Shafter

3%

25%

31%

28%

12%

Coverfield

3%

38%

21%

20%

18%

Hammock

2%

40%

21%

22%

15%

Vine

1%

34%

24%

23%

19%

Valley Center

Presenter
Presentation Notes
Most of the sites experience similar solar variability throughout the 6-month period being analyzed. Fallbrook (not shown) has no clear days due to its overhead line shading.
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  Overcast Clear Mild Moderate High

1 2 3

4 5 6 7 8 9 10

11 12 13 14 15 16 17

18 19 20 21 22 23 24

25 26 27 28 29 30 31

Thu Fri SatSun Mon Tue Wed

January 2015

5.5 5.3 5.3

4.0 4.3 5.2 5.3 3.7 2.0 3.8

4.7 5.2 5.6 1.3 0.9 1.7 0.5

0.9 0.6 2.2 4.9 1.4 4.7 0.9

2.9 3.8 1.8 5.5 5.8 6.0 6.5

Solar Resource Calendar – Westley (January 2015)
Calendar based on irradiance, 1-min averages

Modules slightly 
favor southwestPossible morning fog

  Overcast Clear Mild Moderate High 

Presenter
Presentation Notes
The clear-sky-irradiance curve, shown in orange, estimates the irradiance for a given location, tilt, and azimuth on a perfectly clear day using the Ineichen model. In the upper right-hand corner of each plot is the insolation for that day, in units of kWh/m2. This site is facing slightly southwest, which results in a later peak irradiance than predicted by the clear-sky-irradiance curve.
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Solar Resource Calendar – Westley (June 2015)
Calendar based on irradiance, 1-min averages

  Overcast Clear Mild Moderate High

1 2 3 4 5 6

7 8 9 10 11 12 13

14 15 16 17 18 19 20

21 22 23 24 25 26 27

28 29 30

Mon Tue Wed Thu Fri SatSun

June 2015

7.3 7.2 6.4 7.3 6.8 7.3

7.3 7.3 4.3 3.1 7.2 7.3 7.3

7.5 7.6 7.4 7.5 7.6 7.5 7.2

7.5 7.4 7.4 7.4 7.3 7.2 6.4

7.0 7.2 6.9

  Overcast Clear Mild Moderate High 

Presenter
Presentation Notes
June is filled with mostly clear days, with high solar resource. The solar insolation on a clear day is about 2 kWh/m2 higher than the same site in January, due to the Sun’s higher angle in the sky during the summer.
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Solar Resource Calendar – Shafter (January 2015)
Calendar based on irradiance, 1-min averages

  Overcast Clear Mild Moderate High

1 2 3

4 5 6 7 8 9 10

11 12 13 14 15 16 17

18 19 20 21 22 23 24

25 26 27 28 29 30 31

Thu Fri SatSun Mon Tue Wed

January 2015

5.4 5.3 5.1

4.3 4.8 5.0 4.7 4.1 3.1 2.3

1.3 1.9 3.4 3.8 2.4 3.2 0.9

1.3 0.7 0.6 0.8 2.8 2.4 1.1

2.6 1.2 4.8 1.6 2.9 3.0 4.4

  Overcast Clear Mild Moderate High 

Presenter
Presentation Notes
Shafter is oriented south and has a more symmetrical solar resource curve as a result. There are several overcast days with very little insolation the week of January 18th. 
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Solar Resource Calendar – Shafter (June 2015)
Calendar based on irradiance, 1-min averages

  Overcast Clear Mild Moderate High

1 2 3 4 5 6

7 8 9 10 11 12 13

14 15 16 17 18 19 20

21 22 23 24 25 26 27

28 29 30

Mon Tue Wed Thu Fri SatSun

June 2015

7.8 7.8 7.8 7.9 7.5 7.6

7.7 7.8 1.3 7.3 7.5 6.4 7.5

7.9 8.0 8.0 8.0 7.9 8.1 8.0

7.9 8.0 7.6 7.8 7.8 7.6 5.5

6.0 6.3 7.5

  Overcast Clear Mild Moderate High 
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Solar Resource Calendar – Hammock (January 2015)
Calendar based on irradiance, 1-min averages

  Overcast Clear Mild Moderate High

1 2 3

4 5 6 7 8 9 10

11 12 13 14 15 16 17

18 19 20 21 22 23 24

25 26 27 28 29 30 31

Thu Fri SatSun Mon Tue Wed

January 2015

6.2 6.1 5.9

5.4 6.0 6.5 5.0 4.5 1.3 2.3

1.0 4.4 6.2 6.4 6.5 5.9 6.5

4.8 6.0 4.0 6.5 4.9 6.7 6.7

4.5 2.6 5.9 4.0 1.8 2.7 5.1

  Overcast Clear Mild Moderate High 
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Solar Resource Calendar – Hammock (June 2015)
Calendar based on irradiance, 1-min averages

  Overcast Clear Mild Moderate High

1 2 3 4 5 6

7 8 9 10 11 12 13

14 15 16 17 18 19 20

21 22 23 24 25 26 27

28 29 30

Mon Tue Wed Thu Fri SatSun

June 2015

7.0 7.3 6.3 4.7 6.4 6.7

7.2 6.8 3.2 7.0 6.0 6.2 5.8

6.9 7.1 7.1 7.1 7.3 7.2 7.2

7.0 7.2 7.0 7.1 7.0 6.1 4.4

4.4 5.3 5.3

  Overcast Clear Mild Moderate High 

Presenter
Presentation Notes
June has a large percentage of clear-sky days. On the 3rd, 6th, 11th, 12th, and 13th, there is some suspected morning fog, which rolls away in mid-morning to full sunlight. 
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Solar Resource Calendar – Coverfield (January 2015)
Calendar based on irradiance, 1-min averages

  Overcast Clear Mild Moderate High

1 2 3

4 5 6 7 8 9 10

11 12 13 14 15 16 17

18 19 20 21 22 23 24

25 26 27 28 29 30 31

Thu Fri SatSun Mon Tue Wed

January 2015

5.1 5.1 4.9

4.7 5.2 5.3 5.1 3.9 3.5 0.9

1.3 3.8 4.6 5.4 5.4 5.0 5.3

4.2 4.8 1.1 4.8 4.5 5.6 5.6

5.3 2.3 5.2 2.8 1.8 2.0 4.9

Modules slightly 
favor southeast

  Overcast Clear Mild Moderate High 

Presenter
Presentation Notes
This site has a severe orientation towards southeast, resulting in an earlier, and slightly lower peak. 
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Solar Resource Calendar – Coverfield (June 2015)
Calendar based on irradiance, 1-min averages

  Overcast Clear Mild Moderate High

1 2 3 4 5 6

7 8 9 10 11 12 13

14 15 16 17 18 19 20

21 22 23 24 25 26 27

28 29 30

Mon Tue Wed Thu Fri SatSun

June 2015

5.9 6.4 3.3 3.0 5.1 6.3

6.6 6.1 1.9 2.3 4.1 3.3 2.8

4.3 4.6 4.1 5.9 6.1 7.2 7.5

7.0 7.6 7.4 7.5 7.6 4.7 4.2

6.3 6.0 7.1

Possible 
morning fog

  Overcast Clear Mild Moderate High 

Presenter
Presentation Notes
The Southeast orientation is still evident in June. There is also some suspected morning fog, which rolls out mid-morning, on the 3rd, 5th, 8th, 11th, 12th, and 21st. 
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Solar Resource Calendar – Vine (January 2015)
Calendar based on irradiance, 1-min averages

  Overcast Clear Mild Moderate High

1 2 3

4 5 6 7 8 9 10

11 12 13 14 15 16 17

18 19 20 21 22 23 24

25 26 27 28 29 30 31

Thu Fri SatSun Mon Tue Wed

January 2015

6.0 6.0 5.8

5.5 6.1 6.4 5.5 3.7 2.1 3.7

0.7 3.4 5.8 6.4 6.3 5.7 6.4

4.3 5.8 4.7 5.4 4.6 6.6 6.5

3.2 2.0 5.4 3.7 1.0 1.7 5.4

Minor evening shading

  Overcast Clear Mild Moderate High 

Presenter
Presentation Notes
There are several high-variability days in January at this site. There is also some evening shading, likely due to geography, which is present each day and is most noticeable on clear days. 
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Solar Resource Calendar – Vine (June 2015)
Calendar based on irradiance, 1-min averages

  Overcast Clear Mild Moderate High

1 2 3 4 5 6

7 8 9 10 11 12 13

14 15 16 17 18 19 20

21 22 23 24 25 26 27

28 29 30

Mon Tue Wed Thu Fri SatSun

June 2015

6.7 7.3 6.6 4.2 6.7 6.7

7.1 7.1 3.9 6.7 5.7 5.2 5.0

6.6 7.2 7.2 7.2 7.2 7.3 7.3

7.0 7.1 7.1 7.1 7.1 5.7 3.8

4.6 5.0 4.5

Occasional 
morning fog

  Overcast Clear Mild Moderate High 

Presenter
Presentation Notes
In the summer, the evening shading is less evident. There is also some suspected morning fog on June 1st, 6th, 11th, 12th, and 13th. 
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Solar Resource Calendar – Fallbrook (January 2014)
Calendar based on irradiance, 1-min averages

  Overcast Clear Mild Moderate High

1 2 3

4 5 6 7 8 9 10

11 12 13 14 15 16 17

18 19 20 21 22 23 24

25 26 27 28 29 30 31

Thu Fri SatSun Mon Tue Wed

5.6 5.6 5.1

4.5 5.8 5.8 4.1 5.5 3.9 5.5

5.7 4.6 6.0 5.8 6.0 6.0 6.0

5.5 4.6 5.9 1.9 5.9 5.4 1.6

5.2 3.1 5.2 5.3 5.5 1.0 3.6

January *

Afternoon shading

* 2014 data used as proxy for 2015 calendar

  Overcast Clear Mild Moderate High 

Presenter
Presentation Notes
This site is affected by mid-day shading due to overhead power lines. 
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Solar Resource Calendar – Fallbrook (June 2014)
Calendar based on irradiance, 1-min averages

  Overcast Clear Mild Moderate High

1 2 3 4 5 6

7 8 9 10 11 12 13

14 15 16 17 18 19 20

21 22 23 24 25 26 27

28 29 30

Mon Tue Wed Thu Fri SatSun

6.8 6.3 6.8 6.7 6.6 6.2

6.0 6.3 5.9 4.3 6.5 6.5 6.4

6.5 6.2 6.5 6.3 6.5 6.3 6.3

6.2 6.4 5.9 6.2 5.4 5.4 5.9

5.9 6.1 5.9

June *

* 2014 data used as proxy for 2015 calendar

Occasional morning fog

  Overcast Clear Mild Moderate High 

Presenter
Presentation Notes
The overhead line shading persists into June. There is also some suspected morning fog on several of the days, including the last three days of the month. 
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Solar Resource Calendar – Valley Center (January 2014)
Calendar based on irradiance, 1-min averages

  Overcast Clear Mild Moderate High

1 2 3

4 5 6 7 8 9 10

11 12 13 14 15 16 17

18 19 20 21 22 23 24

25 26 27 28 29 30 31

Thu Fri SatSun Mon Tue Wed

5.8 5.6 5.1

4.4 6.0 6.0 4.4 5.7 4.5 5.7

5.7 5.0 6.1 6.1 6.2 6.1 6.2

5.3 4.0 6.0 2.4 5.9 5.3 1.8

5.5 3.3 5.6 5.7 6.0 3.4 2.3

January *

Minor morning shading

* 2014 data used as proxy for 2015 calendar

  Overcast Clear Mild Moderate High 

Presenter
Presentation Notes
There is some shading occurring every morning in the winter on this site. 
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  Overcast Clear Mild Moderate High

1 2 3 4 5 6

7 8 9 10 11 12 13

14 15 16 17 18 19 20

21 22 23 24 25 26 27

28 29 30

Mon Tue Wed Thu Fri SatSun

7.3 7.1 7.3 6.6 7.2 7.1

7.0 7.0 6.9 6.5 7.0 7.0 7.0

7.1 6.7 7.0 6.9 6.9 6.9 6.8

6.7 7.0 6.9 6.8 6.7 6.1 6.8

6.7 6.7 6.8

June *

Solar Resource Calendar – Valley Center (June 2014)
Calendar based on irradiance, 1-min averages

* 2014 data used as proxy for 2015 calendar

  Overcast Clear Mild Moderate High 

Presenter
Presentation Notes
In the summer, the morning shading no longer occurs. June is filled with clear-sky days, with no overcast days. 
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Energy-Based Performance

California Solar Initiative
Screening Distribution Feeders: Alternatives to the 15% Rule

Task 4: Collect High-Resolution PV Data
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Capacity Factor – Jan. to June

0 0.05 0.1 0.15 0.2 0.25 0.3

Westley

Shafter

Hammock

Coverfield

Vine

Fallbrook

Valley Center

Capacity Factor

Fallbrook and Valley Center data are from 2014; 
all other sites are from 2015

Presenter
Presentation Notes
Capacity factor is defined as the ratio of actual energy generated to the energy generated if the PV plant were always operating at its nameplate rating. All sites shown perform similarly, ranging between 0.21 to 0.23.
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Capacity Factor Duration – Jan. to June

10 20 30 40 50 60 70 80 90 100
0
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C
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Westley
Shafter
Hammock
Coverfield
Vine
Fallbrook
Valley Center

Fallbrook and Valley Center data are from 2014; 
all other sites are from 2015

Presenter
Presentation Notes
The capacity factor duration profile plots the daily capacity factor against the percentage of days that capacity factor was achieved. All sites achieved a capacity factor of 0.25 or greater for 20% of the 6-month period. The median capacity factor ranges from 0.22 to 0.26. Westley was the only site to achieve greater than a 0.3 capacity factor, for less than 2% of days. The other sites never achieved a 0.3 daily capacity factor. 
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0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Westley

Shafter

Hammock

Coverfield

Vine

Fallbrook

Valley Center

Performance Ratio

Performance Ratio – Jan. to June
Fallbrook and Valley Center data are from 2014; 

all other sites are from 2015

Presenter
Presentation Notes
The performance ratio is a dimensionless metric which is a ratio of energy generated relative to system rating, normalized by available solar resource (insolation). The performance ratios for all of the sites shown here are very similar, and range between 0.89 and 0.93. 
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Performance Ratio Duration – Jan. to June
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Westley
Shafter
Hammock
Coverfield
Vine
Fallbrook
Valley Center

Fallbrook and Valley Center data are from 2014; 
all other sites are from 2015

Presenter
Presentation Notes
For less than 10% of the days, Westley had an abnormally high Performance Ratio. Investigating this further, we found that these high performance ratios occurred on days when the sky was heavily overcast and temperatures were low. Similarly, Shafter had a high performance ratio for less than 20% of its days, which are also found to occur on extremely overcast days. All of the sites achieved a performance ratio of greater than 0.9 for 37% of the time. 
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Power Output Characteristics

California Solar Initiative
Screening Distribution Feeders: Alternatives to the 15% Rule

Task 4: Collect High-Resolution PV Data
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Power Duration Curve – Jan. to June
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Westley
Shafter
Hammock
Coverfield
Vine
Fallbrook
Valley Center

Fallbrook and Valley Center data are from 2014; 
all other sites are from 2015

Presenter
Presentation Notes
All sites achieved greater than 80% of their rating for 5% of the daytime hours. Fallbrook has few instances of greater than 80% power output, due to its overhead line shading. Coverfield is lower at the higher percentiles due to its southeast orientation. 
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Monthly Near-Maximum Powers – Jan. to June

Jan Feb Mar Apr May Jun
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Westley
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Fallbrook
Valley Center

Fallbrook and Valley Center data are from 2014; 
all other sites are from 2015

Presenter
Presentation Notes
These are the monthly 99.7 percentile powers for each of the sites. Fallbrook again performs the worst, due to the overhead line shading. The powers in April are highest, due to an optimal combination of temperature and sun angle. As temperatures increase in May and June, the 99.7th percentile powers decrease. 
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Max Energy Day

Min Energy Day

Median Energy Day

Sample Power Output Profiles – Jan. to June
15-minute averages

Westley Shafter Hammock

Vine Fallbrook Valley Center Coverfield

Fallbrook and Valley Center data are from 2014; 
all other sites are from 2015

Low max energy caused 
by line shading

Presenter
Presentation Notes
There is a shift of the median day from the max and min days caused by the Daylight Savings Time change in March. Fallbrook has a lower max energy than the rest due to its overhead line shading. 
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Max/Min

Median

Inner Quartile

Statistical Distribution of Power – Jan. to June
1-Hour Averages

Westley Shafter Hammock

Vine Fallbrook Valley Center Coverfield

Fallbrook and Valley Center data are from 2014; 
all other sites are from 2015

Presenter
Presentation Notes
The inner quartile range indicates a higher presence of clouds in mid-afternoon hours relative to other parts of the day. The inner quartile ranges also reveal there is more certainty about power outputs in the morning, because the quartile range is near the median. Coverfield is the opposite of this, with a smaller inner quartile range during the mid-day hours
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Variability: Establishing Ramp-Rate 
Datasets

California Solar Initiative
Screening Distribution Feeders: Alternatives to the 15% Rule

Task 4: Collect High-Resolution PV Data
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How often do Ramping Events Occur? Based on 2290 
Hours 

10 sec 1 min 10 min 1 hr

99.99th 82.4 13.7 1.37 0.229

99.9th 824 137 13.7 2.29

99th 8,244 1,374 137 22.9

95th 41,220 6,870 687 115

90th 82,440 13,740 1,374 229

Percentile
Time Interval
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Sample One-Day Power Output Profile – Westley
Afternoon Clouds

Presenter
Presentation Notes
The normalized power change is shown next to the power profile for a sample day from the Westley site. The 1-minute changes are larger in magnitude, because the power has more time to ramp up/down. 
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Ramp Rate Distribution – Westley
Jan. to June 2015
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Presenter
Presentation Notes
Of the 6 ramp rate intervals shown, higher-magnitude changes occur more often for 5-minute and 1 hour intervals because power output has a longer time to change more drastically, and thus larger changes occur more frequently. Also, the directions of changes are separated to illustrate similarities between ramp-up and ramp-down observations.
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Shading Examples – Fallbrook
Jan. to June 2014

(Apr 15, 2015)... 09:00 12:00 15:00 18:00 21:00
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Presenter
Presentation Notes
This example shows the effect overhead line shading has on the power output. While the shading only affects the irradiance sensor (a point sensor) for a short period of time, it affects the power output for a much longer period of time. This is due to the time it takes for the line shading to travel across the module. 
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Shading Examples – Valley Center

(May 26, 2015)... 09:00 12:00 15:00 18:00
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Presenter
Presentation Notes
There is no shading visible from the irradiance sensor’s data, but heavy morning shading is evident from the power output of the PV module. 
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Shading Examples – Vine

(Jan 06, 2015)... 12:00 15:00
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Presenter
Presentation Notes
This site experiences heavy evening shade, evident on both the irradiance sensor and PV module’s power output. This is likely due to geography, resulting in an earlier-than-expected dusk. 
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Variability: Ramp-Rates for Individual 
Sites

California Solar Initiative
Screening Distribution Feeders: Alternatives to the 15% Rule

Task 4: Collect High-Resolution PV Data
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Ramp Rate Percentiles – Westley
Jan. to June 2015
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Presenter
Presentation Notes
This slide shows the power and irradiance changes in each direction for the upper percentiles (rare events). The irradiance changes are consistently larger in magnitude than the power changes, due to the larger surface area of the PV module compared to the irradiance sensor. At a 10-minute ramp rate interval the values are closest, giving confidence that using irradiance to quantify irradiance variability is acceptable at this ramping interval. At shorter ramping intervals, the confidence is less due to a larger disparity between power and irradiance.
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Ramp Rate Percentiles – Fallbrook
Jan. to June 2014
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Presenter
Presentation Notes
Here the irradiance changes are larger in magnitude than the power changes for all intervals, excluding the 1-hour interval and the down-ramps on the 10-minute interval. 
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Ramp Rate Percentiles – Valley Center
Jan. to June 2014
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Presenter
Presentation Notes
The power and irradiance are closely correlated across all time intervals for Valley Center. This provides confidence that irradiance measurements can be used to quantify variability even at short ramping intervals. 
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Ramp Rate Percentiles – Vine
Jan. to June 2015
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Presenter
Presentation Notes
For Vine, the irradiance is again larger in magnitude for all ramping intervals, excluding the 1-hour interval. 



47
© 2015 Electric Power Research Institute, Inc. All rights reserved.

Variability: Ramp-Rates for Site Clusters

California Solar Initiative
Screening Distribution Feeders: Alternatives to the 15% Rule

Task 4: Collect High-Resolution PV Data
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Final Data Set Clusters

Statewide
Cluster

Regional
Cluster

Feeder
Cluster

Westley CA - -

Shafter CA - -

Coverfield CA Los Angeles -

Oak Glen CA Los Angeles -

Hammock CA Los Angeles -

Vine CA Los Angeles -

Ramona #5 - San Diego Ramona

Ramona #10 - San Diego Ramona

Ramona #11 - San Diego Ramona

Ramona #12 - San Diego Ramona

Valley Center #1 - San Diego Valley Center

Valley Center #2 - San Diego Valley Center

Valley Center #8 - San Diego Valley Center

Valley Center #13 - San Diego Valley Center

Presenter
Presentation Notes
6 sites are chosen to represent a statewide cluster. Additionally, there are two regional clusters formed, as well as two feeder clusters. 
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Ramp Rate Percentiles – California Cluster
Jan. to June 2015
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Presenter
Presentation Notes
This plot shows the high percentile ramping events for the statewide cluster of sites, weighted by the geometric mean. The smoothing effect is apparent here, as the magnitudes of the ramping events for the cluster are much smaller than the ramping events of the individual sites.
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Changes in Power vs. Time of Day – California Cluster
Jan. to June 2015, 1-min intervals
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Presenter
Presentation Notes
The individual sites’ time-of-day ramps are shown here. The largest ramps usually occur mid-day during full sun, when more power can be lost during shading events.



51
© 2015 Electric Power Research Institute, Inc. All rights reserved.

Ramp Rate Duration Profile – California Cluster
Jan. to June, 1-min intervals
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Presenter
Presentation Notes
This type of chart is useful to look up any change in output for a given percentile and ramp interval, or vice versa. For example, all of the sites shown here have a change in power of  at least 38% of their rating for 0.1% of daylight hours (2.2 hours).
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Correlation of Irradiance Changes over Distances –
California Cluster 
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Presenter
Presentation Notes
This is a plot of the correlation coefficient of ramping events across sites based on the distance between the sites. This indicates a correlation in the direction of ramping events (ramp up/ramp down), but not necessarily in the magnitude of ramping events. It is shown here that there is a much higher correlation of longer ramping intervals compared to shorter ones. As the distance increases, this correlation decreases. 
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Ramp Rate Percentiles – Los Angeles Cluster
Jan. to June 2015
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Presenter
Presentation Notes
This plot compares ramping magnitudes of the Los Angeles cluster compared to a single site within the cluster. The cluster is the average of the sites weighted by the geometric mean. The smoothing effect is apparent as the single site experiences ramps of a much larger magnitude than the cluster of sites.
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Ramp Rate Percentiles – San Diego Cluster
Jan. to June 2014
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Presenter
Presentation Notes
This plot compares ramping magnitudes of the San Diego cluster compared to a single site within the cluster. The cluster is the average of the sites weighted by the geometric mean. The smoothing effect is apparent here, but does not smooth as much as the Los Angeles cluster. This is likely because the area of the Los Angeles cluster’s convex hull is larger than the San Diego cluster.
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Ramp Rate Percentiles – Valley Center Feeder
Jan. to June 2014

Va
lle

y 
C

lu
st

er
Va

lle
y 

P
ol

e 
#2

-100

-50

0

50

100

C
ha

ng
e 

in
 P

ow
er

 (%
 o

f R
at

in
g)

 

 

99.99th
99.9th
99th
95th
90th

5 sec 10 sec 30 sec 1 min 10 min 1 hour

-100

-50

0

50

100

Ramp Rate Interval

Va
lle

y 
C

lu
st

er
Va

lle
y 

P
ol

e 
#2

Va
lle

y 
C

lu
st

er
Va

lle
y 

P
ol

e 
#2

Va
lle

y 
C

lu
st

er
Va

lle
y 

P
ol

e 
#2

Va
lle

y 
C

lu
st

er
Va

lle
y 

P
ol

e 
#2

Va
lle

y 
C

lu
st

er
Va

lle
y 

P
ol

e 
#2

Presenter
Presentation Notes
This is a plot of a cluster of sites along the same feeder, compared to a single site along the feeder. Due to smoothing, the single site experiences a higher magnitude of ramps for all ramping intervals except the 10-minute and 1-hour intervals. 
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Ramp Rate Percentiles – Ramona Feeder
Jan. to June 2014
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Presenter
Presentation Notes
This is a plot of a cluster of sites along the same feeder, compared to a single site along the feeder. Due to smoothing, the single site experiences a higher magnitude of ramps for all ramping intervals except the 1-hour interval. 
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Together…Shaping the Future of Electricity
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