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Executive Summary
The New England Independent System Operator (ISO-NE) is in the process of defining the
method for determining the methodology for establishing the winter and summer Qualified
Capacity for intermittent resources in the Forward Capacity Auction. As part of this process,
the Renewable Energy Research Laboratory has analyzed the projected power production of
three wind turbines in three different locations in Massachusetts, a coastal site, an offshore
site and an inland site to determine if any hours in addition to the peak load hours should be
included in the Reliability Hours for determining the Qualified Capacity for wind power..

In order to determine the appropriate number of hours to be used for the calculation of
renewable capacity, the following steps were taken:

1. The expected wind power that would be generated at each of the sites was calculated.

2. The median hourly power production over each month was calculated.

3. The Inter-Quartile Range (IQR) of the monthly medians of hourly power production
(M) pooled over all years and all peak load hours at each hour were determined.

4. These monthly medians were tested for inclusion in the Reliability Hours used to
determine capacity based on the whether they fall within the IQR of all of the monthly
medians over the peak hours and years.

5. Finally, the statistical similarity of all months in a season and over all years of the
analysis were used to determine whether any given hour should be added to the peak
hours as the final selection of Reliability Hours.

The details of these steps are provided in this report. The results of the analysis are
summarized here:
Results of analysis

Results of Analysis | Reliability Hours
Summer Season

Inland 14-18
Coastal 14-19
Offshore 13-18
Winter Season

Inland 18-19
Coastal 18-19
Offshore 18-20
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Overview
The New England Independent System Operator (ISO-NE) is in the process of defining the
method for determining the methodology for establishing the winter and summer Qualified
Capacity for intermittent resources in the Forward Capacity Auction. As part of this process,
the ISO-NE has defined the winter and summer seasons as October through May and June
through September, respectively. It has also determined that the peak load hours during those
seasons are during the hours ending from14:00 to 18:00 in the summer and from 18:00 to
19:00 in the winter months. ISO-NE is interested in knowing if additional hours during those
seasons might be added to the peak system load hours for use in determining the Qualified
Capacity.

In support of this effort, the Renewable Energy Research Laboratory has analyzed the
projected power production of three wind turbines in three different locations in
Massachusetts, a coastal site, an offshore site and an inland site. RERL had determined the
median hourly power production for each site for each hour and month over about five years
(depending on the available wind data). Finally, in conjunction with ISO-NE, RERL has
chosen a method for determining a criteria for the inclusion of other hours on either side of
the peak system load hours in the Qualified Capacity calculation.

Wind Turbine Sites

Threes sites were chosen as typical sites that might be or are being considered for the
development of wind power. These sites included an inland site in Western Massachusetts, a
coastal site and an offshore site. The inland site was assumed to be on Mt. Tom in Holyoke,
MA. The coastal site was assumed to be on Thompson Island in Boston Harbor and the
offshore site was assumed to be at the site of a weather station, designated BUZM3, in
Buzzards Bay. The wind energy that might have been generated at these sites was estimated
using wind data from each of these sites and the power curve of a typical turbine that might be
installed at theses sites. The analysis also used the hub height that might be used at these sites,
the height of the data collected at these sites and the average annual shear exponent that might
be expected at these sites. A summary of the inputs used is included in Table 1.



Table 1. Inputs assumed for modeling wind power generation.

Site Location Type Wind Shear Data Assumed | Rated
Turbine | Exponent | Measurement Hub Power,
Height Height kW
Mount | Holyoke, | Inland | GE 15sl 0.35 37 80 1500
Tom MA
Thompson | Boston, | Coastal | Vestas 0.17 40 50 1800
Island MA 1.8
MW
BUZM3 | Buzzards | Offshore | GE 3.6 0.10 25 125 3600
Bay MW

Wind Data Overview

The wind data for Thompson Island and Mt. Tom were collected and processed by the
Renewable Energy Research Laboratory at the University of Massachusetts at Amherst. The
data for BUZM3 was collected by the National Ocean and Atmospheric Administration and is
posted on their web site. All of the data has been analyzed to identify problems such as faulty
sensor operation and corrupted records or time stamps. All of the data were collected as 10-
minuite averages. The data had time stamps that were in Eastern Standard Time. In the case of
the Mt. Tom and Thompson Island data, the time stamp in the data files is at the beginning of
the averaging period. In the case of the BUZM3 data, the time stamp is at the end of the 10-
minute averaging period.

The data from Mt Tom covers a period of 6.4 years, from December 21, 1999 to May 31,
2006. The data had a few periods of missing data caused by equipment failures (24.1% of data
is missing), with the biggest gaps being from September 27, 2000 to May 28, 2001 and a
period from September 12 to December 27, 2002. The data are shown in Figure 1. Graphs of
diurnal averages and monthly averages are shown in Figures 2 and 3.
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Figure 1. Mt. Tom wind speed data
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Figure 2. Diurnal averages of Mt. Tom data.
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Figure 3. Monthly averages of Mt. Tom data

The data from Thompson Island covers a period of 6.92 years, from July 9, 1999 to November
10, 2005. The data had a few periods of missing data caused by equipment failures (13.4% of
data is missing), with the biggest gaps being from November 4 to December 31, 2001 and a
period from June 30 to Oct 10, 2004. The data are shown in Figure 4. Graphs of diurnal
averages and monthly averages are shown in Figures 5 and 6.
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Figure 4. Thompson Island data.
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Figure 5. Diurnal averages of Thompson Island data
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Figure 6. Monthly averages of Thompson Island data

The offshore data from the NOAA station, BUZM3 includes, 6.75 years of data from
September 1, 1999 through May 31, 2006. In this case only 2.3% of the data are missing. The
data are shown in Figure 7 and diurnal and monthly averages of the data are shown in Figures
8 and 9.
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Figure 7. Wind data from BUZM3



Hourly Averages - BUZM3

Wind Speed, m/s
w
|

I I T I
5 10 15 20
Hour of Day

Figure 8. Diurnal averages from BUZM3
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Figure 9. Monthly averages from BUZM3

Overview of Methodology

The goal of this study is to determine the optimum set of Reliability Hours in each season that
yield the most reliable estimator of median generation during system peak load hours from
wind turbines. Peak load hours for the summer season (June through September) go from
hours ending 1400 to 1800. Peak load hours for the winter season (October through May) go
from hours ending 1800 to 1900.

In order to determine the appropriate number of hours to be used for the calculation of
renewable capacity, the following steps were taken:

6.

7.

10.

The expected wind power that would be generated at each of the sites was calculated
for each hour of all years for which there were data.

The median hourly power production over each month, at each hour and for each year
was calculated. These medians are designated M.

The trends in the medians were analyzed to determine the best criteria for inclusion of
hours outside of the peak hours, in the Qualified Capacity calculation.

The Inter-Quartile Range (IQR) of the monthly medians of hourly power production
(M)) pooled over all years and all peak load hours at each hour were determined.
These medians were designated M3.

The monthly medians of hourly power production (M) for each hour on either side of
the peak load hours were calculated. These monthly medians were tested for inclusion



in the Reliability Hours used to determine capacity based on the whether they fall
within the IQR of all of the monthly medians over the peak hours and years.

11. Finally, the statistical similarity of all months in a season and over all years of the
analysis are used to determine whether any given hour should be added to the peak
hours as the final selection of Reliability Hours.

This process was performed for all three wind turbine sites. The results are summarized in
tables, with detailed results in the Appendices. The details of the analysis are described below.

Details of Methodology

Medians were determined to be valid only if more than 30% of the total number of values that
were expected were determined to be valid. Thus the median of hourly power at 15:00 in any
specific month (with, say 30 days) and year was determined to be valid if more than 10 hour
power values were valid. Valid medians are reported as the value of the median. Invalid
medians are reported as -999.

Calculating Wind Power Generation

The expected wind power generation at each site was determined in a three step process. First,
the data were filtered to flag data from faulty sensors, sensors with ice on them and missing
data. Missing data was flagged as invalid data and given a value of -999. Then the measured
10-minute averages of wind speed at each wind turbine site were used to determine the
expected 10-minute average wind power generation at each site, given the wind turbine and
wind shear values that were assumed for the site. Flagged wind speed data resulted in flagged
wind power data. Finally, these values of wind power were averaged to determine hourly
averaged wind power generation at the site. In cases in which there was flagged data, it was
decided that an hourly average would be accepted as valid only if more than half of the 10-
minute averages in the hour were valid. This step resulted in a value of wind turbine power
that was a function of year, month, day and hour: Power (Year, month, day, hour).

Monthly Medians of Hourly Power Generation

The medians of the hourly power in each month were calculated at hours ending from 8:00
until 23:00. These median are designated M, Medians were determined to be valid only if
more than 30% of the total number of values that were expected were determined to be valid.
Thus the median of hourly power at 15:00 in any specific month (with, say 30 days) and year
was determined to be valid if more than 10 hour power values were valid. Valid medians are
reported as the value of the median. Invalid medians are reported as -999. This process results
in 16 medians for each month of each year (one median for each hour). Each median is a
function of the year, month and hour: M;(year, month, hour). This process is illustrated in
Table 2 which just shows the results for hours 14 to 18. The table shows the power produced
at one of the sites for each day of October 2003 during the hours ending from 1400 through
1800. At the bottom of each column is the total number of samples that would be possible in
the time period, the number of actual observations, the percent of all observations for which
there is good data and the median, M, of the hour power during the month.

These medians of hourly power for each month are tabulated in the Appendices in hourly
tables that show values of M, over the years of the data. These tables can be used to get a



sense of the variability over months and over years of the median hourly power at any hour of
the day between 8:00 and 23:00. An example is shown here in Table 3. This chart is for one
site at hour 22. The charts are organized by hour ending value and by power year. The power
year starts in June and goes through May of the next year. The summer season covers June —
September. The winter season covers October — May. The chart shows the medians of the
hourly power for each month (M) and the number of actual and possible values. It also shows
the medians of the hourly power over the whole summer season and the whole winter season
of each power year (referred to here, for clarity, as M;). Thus, M; is the median hourly power
pooled over or all days in all months of each season for the designated hour and year. It is a
function of the year, hour and season: M;(year, hour, season).



Table 2. Illustration of derivation of monthly medians of hourly power, M,
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Day
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Number of Observations within Criteria
% of Observations within Criteria

Median kW Across Days
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1400
96
83
1138
3449
1503
71
8
938
118
1102
3600
3580
2813
455
3600
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24
1169
191
413
3600
2606
1860
3600
58
3337
2242
234
3600
2679
472
31

31

100%
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1500
48
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189

3600

2282
88

0
1102
110
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3554
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2319
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3412
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767
194
268

3600

2327

1740

3475

221
3493
2570

112
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2610
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31
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1600
8

59
59
3477
1780
103
30
1133
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1463
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2276
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2870
105
401
288
22
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2068
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2838
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8
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1059
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1800
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2525
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0
1620
3554
2408
1318
417
3000
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99
48
933
432
3600
1860
2643
1389
961
3590
2319
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1313
899
31

31

100%
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Table 3. Sample of hourly summary tables found in Appendix.

Summary for Hour Ending 22

Power Year 1999 Jun Jul Aug | Sep Summer | Oct Nov | Dec | Jan Feb Mar | Apr | May | Winter
Median kW -999 | 56 59 108 72 279 402 307 819 299 402 541 280 347
Number of Observations 0 22 31 30 83 31 30 31 29 28 29 30 31 239
Number of Hours in Period 30 31 31 30 122 31 30 31 31 28 31 30 31 243
Power Year 2000 Jun Jul Aug | Sep Summer | Oct Nov | Dec Jan Feb Mar | Apr May | Winter
Median kW 118 188 48 194 134 264 | 277 533 264 354 341 90 252 264
Number of Observations 24 31 31 30 116 31 30 31 31 26 30 30 31 240
Number of Hours in Period 30 31 31 30 122 31 30 31 31 28 31 30 31 244
Power Year 2001 Jun Jul Aug | Sep Summer | Oct Nov | Dec Jan Feb Mar | Apr May | Winter
Median kW 186 67 51 178 104 238 -999 | -999 | 362 | 471 132 394 | 446 313
Number of Observations 30 31 31 30 122 24 0 0 30 28 31 30 31 174
Number of Hours in Period 30 31 31 30 122 31 30 31 31 28 31 30 31 243
Power Year 2002 Jun Jul Aug | Sep Summer | Oct Nov | Dec Jan Feb Mar | Apr May | Winter
Median kW 293 92 200 | 224 207 370 | 299 390 | 473 473 75 437 | 208 342
Number of Observations 30 31 31 30 122 31 30 31 31 23 14 25 24 209
Number of Hours in Period 30 31 31 30 122 31 30 31 31 28 31 30 31 243
Power Year 2003 Jun Jul Aug | Sep Summer | Oct Nov | Dec Jan Feb Mar | Apr May | Winter
Median kW -999 | 206 59 19 61 152 97 683 453 978 390 254 140 347
Number of Observations 3 30 21 30 84 31 30 30 27 11 31 30 31 221
Number of Hours in Period 30 31 31 30 122 31 30 31 31 28 31 30 31 243
Power Year 2004 Jun Jul Aug | Sep Summer | Oct Nov | Dec | Jan Feb | Mar | Apr | May | Winter
Median kW 264 -999 | -999 | -999 | -999 -999 | 240 366 374 188 224 | 242 | 283 247
Number of Observations 29 0 0 0 29 0 20 31 29 27 29 30 31 197
Number of Hours in Period 30 31 31 30 122 31 30 31 31 28 31 30 31 244
Power Year 2005 Jun Jul Aug | Sep Summer | Oct Nov | Dec | Jan Feb | Mar | Apr | May | Winter
Median kW 311 240 100 108 180 437 116 | -999 | -999 | -999 | -999 | -999 [ -999 | -999
Number of Observations 30 31 31 30 122 31 11 2 1 0 0 3 0 48
Number of Hours in Period 30 31 31 30 122 31 30 31 31 28 31 30 31 243

Initial Analysis of Medians of Hourly Power

The medians at each of the sites were then analyzed to judge what the best criteria might be
for including additional hours in the calculation of Qualified Capacity. The analysis of the
medians of the hourly power during the respective peak hours of the summer and the winter
months show that:

e Median hourly power is typically lower during the summer peak hours and in the
summer months than at other times of the year.

e Inter-annual variability is typically less during the summer peak hours and in the
summer months than at other times of the year.

e The medians of hourly power during the winter peak hours (18 and 19) and the winter
season often vary significantly in magnitude. Often the medians are greater between
November and March and lower in May.

e The inter-annual variability of medians of hourly power during the winter peak hours
(18, 19) and the winter season often mirror the changes in magnitude of the medians.

Graphs of the medians, M}, as a function of months of the year, are shown below for hours
ending from 14 through 19. The patterns of medians of hourly power production during the
summer season can be gleaned from an inspection of the graphs for hours ending from 14 to
18 and over the months of 6 through 9. The patterns of medians of hourly power production
during the winter season can be gleaned from an inspection of the graphs for hours ending
from 18 to 19 and over the months of 10 through 12 and 1 through 5. Graphs from Mt. Tom
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