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Net Load Concepts

In this next set of slides, we will show how wind and load
interact to create net load

e Net Load is the instantaneous system consumer load, minus the
generation output of wind and solar

e Netload is the amount of generation required from
dispatchable units

e The statistical analysis highlights net load, instead of the wind
or solar output in isolation, because some amount of the
variations in load, wind and solar tend to cancel

Key issues are:
e Coincidence of load, wind and solar
e Impacts on net load peaks and valleys
e [ncreases in ramp rates

Net load is also called “Load-Wind-Solar” or L-W-S in parts of this presentation
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Duration and Penetration
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Monthly Energy from Wind and Solar

(30% In Area Scenario) |
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Average Hourly Energy from Wind and Solar Over Entire Year
(30% In Area Scenario)
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New Mexico Monthly Energy and Average Hourly Energy (Over Entire Year)

from Wind and Solar (30% In Area Scenario)

New Mexico Total Monthly Wind and Solar Energy
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Colorado East Monthly Energy and Average Hourly Energy (Over Entire Year)

from Wind and Solar (30% In Area Scenario)
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Net Load Level (M

CSPws Output (MW)

Net Load Duration, Wind and Solar Penetration Over Entire Year

(30% In Area Scenario)

Study Area Net Load Duration Curves
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Study Area Wind+Solar Duration and Penetration by Seasonal

Month (30% In Area Scenario)
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Wind Output (MW)

Wind Output (MW)

Wind Duration and Penetration Over Entire Year for Selected Areas
(30% In-Area Scenario)
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Average Daily Profiles
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Tans Area Load Output (MW)

Tans Area CSPws Output (MW)

All In-Study Area Average Daily Profiles Over Entire Year

(30% In Area Scenario)
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Load (MW)

Study Area Total CSPws and PV Daily Profiles Over Entire Year

Study Area Load and Solar Average Daily Profiles (10%)

Study Area Load and Solar Average Daily Profiles (20%)
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Load (MW)

Study Area Load and Wind Average Daily Profiles Over Entire Year

Study Area Load and Wind Average Daily Profiles (10%)
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Study Area Load and Wind Average Daily Profiles By Seasonal
Month (30% In Area Scenario)
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Load (MW)

Study Area CSPws and PV Average Daily Profiles By Seasonal
Month (30% In Area Scenario)

54000 -

45000 +

—— Load
—a— PV
—o— CSPws

Fairly narrow PV and
CSP contribution; none
at peak or morning rise

36000 -

27000 ~

18000 +

9000 -

- 2500

Extended PV and
CSP output; peak
and mornings

3000

- 2500

- 2000

- 1500

~ 1000

- 500

8 12
Hour of Day

@ ImMaginacion at work

Solar (MW)

Solar (MW)

Load (MW)

Load (MW)

54000 T T T T 3000
—+— Load | Apr | Substantial CSP output
45000 | |~ PV T in late evenings | 1 2500
—+— CSPws \ i |
36000 { SERRREEE e Ao oo "o - 2000
27000 AT N\ 1500
18000 | Amm - hemm e dmmmmnd p------ dem e -+ 1000
9000 - : : : : : + 500
0 =—s—=—8 7 1 1 1 &—4—8—8—u 0
0 4 8 12 16 20 24
54000 T T 3000
—— Load Oct | ‘
C ' Generally narrow PV
—=—PpV ‘
45000 4 {7 -+ 2500
CSPws : and CSP output
36000 - 2000
27000 - i 1500
18000 - - 1000
9000 - - 500
0 + 0
0 24
Hour of Day
18

Solar (MW)

Solar (MW)



Study Area Net Load Average Daily Profiles By Seasonal Month

(30% In Area Scenario)
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Profiles for Selected Periods
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Study Area Total Load, Wind and Solar Variation Over Month of April
(30% In Area Scenario)
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Study Area Total Load and Net Load (L-W-S) Variation Over Month of April
(30% In Area Scenario)
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Load and Net Load (L-W-S) Variation Over Month of April for Selected Areas

(30% In Area Scenario)
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Study Area Total Load Wind, Solar and Net Load for Typical Spring Day
April 13t (30% In Area Scenario)
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New Mexico Total Load Wind, Solar and Net Load for Typical Spring Day
April 13t (30% In Area Scenario)
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Load Wind, Solar and Net Load for Study Area Peak Load Day
July 24t (30% In Area Scenario)
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Load, Wind, Solar and Net Load for Study Area Minimum Net Load Day
April 15t (30% In Area Scenario)
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Period-to-Period
Variability Analysis
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Variability Analysis - Deltas

Statistics used to characterize variability:

e Delta (A) - The difference between successive data points in a series, or period-
to-period ramp rate.

> Positive delta is a rise or up-ramp

> Negative delta is a drop or down-ramp
e Mean (1) - The average of the deltas (typically zero within a diurnal cycle)

e Sigma (o) - The standard deviation of the deltas; measures spread about the
mean

For a normal distribution of deltas, o is related to the percentage of

deltas within a certain distance of the mean
< 99.7% P

< 95% >

< 68%
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Study Area Average Daily Profile of Deltas Over Entire Year

(10% In Area Scenario)
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Study Area Average Daily Profile of Deltas Over Entire Year

(20% In Area Scenario)
(Avg. +/- sigma, Minimum, Maximum) B Load Deltas
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Study Area Average Daily Profile of Deltas Over Entire Year

(30% In Area Scenario)

(Avg. +/- sigma, Minimum, Maximum) B Load Deltas
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Load and Net Load Delta (MW)

Load and Net Load Delta (MW)

Study Area Average Daily Profile of Deltas by Seasonal Month

(30% Energy Scenario)
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Load and Net Load Delta (MW)

Load and Net Load Delta (MW)

Average Daily Profile of Deltas for Selected Areas in October/Fall

(30% In Area Scenario)
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Timing of Maximum Daily 1-Hr Positive Deltas for Study Area

Study Area Area Maximum Daily One-Hour Pos Deltas - Baseline Study Area Maximum Daily One-Hour Net Load Pos Deltas - 10%
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Study Area Total, Load Wind, Solar and Net Load for Oct 8t
(30% In-Area Scenario)
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Timing of Maximum Daily 1-Hr Positive Deltas for Arizona

(30% In-Area Scenario)
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Distribution of Extreme Hourly Net Load Deltas
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Distribution of Extreme Hourly Net Load Deltas for Selected Areas
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Summary Statistics

Area: Ariz CO-E CO-w IDE-WY NM N-NV S-NV WYCE Foot Print | Footprint

Val %iIncr| Val % Incr| Val Slncr| Val % lIncr| Val % Incr| Val S incr| Val % iIncr| Val % Incr| Val % Incr| Val | % Incr

Sigma (MW)
Load-alone 585 6 367 5 37A 48.8 1504 44.2 264.8 706 14537 a026.0
Baseline (Existing) 5352 3724 374 706 1554 442 264 .8 826 14505 30336

10% In Area Scenario H15.4 9% | 390.4 a%| 436 16%(| VOB 0%| 166.0 T ABd4 %[ 2T dw| 8189 -1%[1438.8 -1%) 29631 2%
20% In Area Scenario 7371 2B%| 4655 25%| B41 1| 753 FH| 1988 28%| V8.8 70%| 3044 15%| 1029 Z25%|1506.5 4% 29632 2%
30% In Area Scenario §75.9  S0%[ 5772 85%) 841 125%] B840 19%| 23920 54%) 1017 130%| 34750 31%| 13720 Be%| 16451 13% 30137 1%

Max Neg Delta(MW)
Load-alone 2072 1338 -180 -165 532 -162 -1109 247 -4294 9268
Baseline (Existing) -2070 -1355 -180 -430 -559 -162 -1109 -340 -4416 9149
10% In Area Scenario | -3133] A&1%| -1600 18%| -228 27%| -435 1%| 7270 21%| -246 &2%| 1076 -3%| -332| -3%| -6391  Z2%| 9334 2%
20% In Area Scenario | -5924 186%| -2451  91%| -432) 140%| -477  11%| -1382) 131%| -409 153%| 1726 56%| -5500 F2%| -8179 85%| 9335 2%
30% In Area Scenario | 8410 306%| -3749 177%| -B17 243%| -499  16%| -2188 2B5%| 36 292%| 2698 134%| B892 162%[-11823 168%|-12331 35%

Max Pos Delta(MW)
Load-alone 1604 1341 147 231 G521 172 1151 Jea 3877 a661
Baseline (Existing) 1602 1313 147 329 B0 172 1151 020 Jasb 8/93
10% In Area Scenario 3419 1M3%| 1667 27% 189 28% 329 0% 905 47% 263 83%| 1107 4% 053 BY%|[ 4912 27%[ 9451 7 %
20% In Area Scenario BOFO 279%( 2637 101% 433 193% 350 B%| 1639 145% 47 1B0% [ 1521 2% 015 7% 9902 157%] 9451 %o
30% In Area Scenario 8182 411%| 33801 189% BYY 373% 303 18%| 2348 250% BEE 288%| 2132 B85%| 1145 120%[ 15138 292%| 11704 33%

No. Rises > 3*(0 gaa)

Load-alone ] 9 15 21 17 5 7 50 0 0
Baseline (Existing) 0 B 15 207 15 5 7 101 a 0
10% In Area Scenario 10 20 59 211 565 155 14 o2 4 2
20% In Area Scenario 74 o9 334 263 144 395 B2 200 2k 2
30% In Area Scenario 164 228 G22 355 251 Fad 138 460 F2 14
No. Drops > 3*(6 gaa)
Load-alone 2 7 17 4 10 14 9 7 0 1
Baseline (Existing) 2 11 17 186 15 14 9 53 2 1
10% In Area Scenario 18 23 gl 187 45 114 149 55 B 2
20% In Area Scenario 108 124 358 243 143 406 47 183 18 2
.3']% In Area Scenario 189 279 G54 354 271 701 124 429 35 &
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Net Load Variability with Increasing W+S Penetration
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Change in Max Delta (1-Hr Rise) with W+S Penetration

12000 16000
10500 - - 14000
s = _
€ 9000 f--------mmmemmmmm e - 12000 S | —¢—Ariz
S & —=—CO-E
A 10000 & | CO-W
(%] (%]
o £ |——IDE-WY
x g —¥—NM
? g | NNV
c §’ WYCE
= N | == Study Area

Energy Penetration (%

Size of largest deltas increases faster for high load areas
Max changes reduced by spatial/temporal diversity

imagination at work
Note: Study Area totals (black trace) plotted on right scale 43



Change in No. “Large” Deltas with W+S Penetration

(“Large” Delta is defined as > 7T+ 3* o ,44)
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