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Revised In-Area Selection

e New Wind Data

e Additional Exclusions Based on Proximity to Recreation Areas
e Site Selection Includes Average of 3 Years of Capacity Factors
e In-Footprint Redefined to Better Match WestConnect

e Include SW Wyoming, Eastern Nevada

e Site Selection Based on State Boundaries not Transmission Areas
e Each Site Then Assigned to an In-State Transmission Area

imagination at work
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All Wind Sites

OutsideZones
In-Footprint Areas

* AlWind32043
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Excluded Wind Sites

OutsideZones

In-Footprint Areas

» Excluded-Wind

TX
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Scenario Overview

2017 Study Year
2004, 2005, 2006 Load Shapes Escalated to 2017

Wind and Solar Combinations (% Energy)
e 2017 Baseline: Preselected Wind, Embedded Solar

e 30% In-Area: 30% Wind, 5% Solar In Footprint
20% Wind, 3% Solar Out of Footprint

e 20% In-Area: 20% Wind, 3% Solar In Footprint
10% Wind, 1% Solar Out of Footprint

e 10% In-Area: 10% Wind, 1% Solar In Footprint
10% Wind, 1% Solar Out of Footprint

Solar Mix

e 70% Concentrating Solar Plant with Storage (CSP w/S)
e 30% Photo-voltaic (PV)
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Wind Selecged for BQ% In-Areq chnorio

-,E‘

ND

Red dots = Pre-selected
Blue dots = New sites

MT,
.

30% Wind In Footprint

. . (o
20% Wind Out of Footprint 2,340 MW |
R , . 84Twh
- n " . | L] » WY |
ﬁ\} L+~ . W s NE
| ° ——.'—'-—_,
7,050 MW, v -/ |
Legend: N 17.3TWh * 3 |gooMw S5B4OMW T
St 2.6 TWh'c° 18.5 TWh

Wind MW W u\- L | . Ks
Annual Energy 3 W 3 i

Total Installed MW:
29,940 MW (998 sites)

. I
\ N_
-
_ ™, 11,220 MW :
: 7 29.%TWh ' e oK
' 2 " m 2,799 MW _ 7

Total Wind Capital Cost: 9.4 TWh
$59.9B L
imagination at work \
s NN 9




In-Area Scenario - Solar

5% Solar In Footprin
3% Solar Out of Footp!
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30% In-Area Scenario Energy Summary

. Total
In FOOtprlnt Load wind CSP with Storage PV Renewable
Energy | Energy # Sites Energy # Sites Energy # Sites Energy
Areas (GWh) | (GWh) | (Used/Available) | (GWh) | (Used/Available) | (GWh) | (Used/Available) (GWh)
Arizona 99,437 | 29,897 374 /1091 3,735 10/38 1,548 10/16 35,180
Colorado East 61,372 | 18,453 188 /1673 2,252 7158 1,038 7113 21,743
Colorado West 8,708 | 2,622 30/68 564 2/8 151 1/11 3,337
New Mexico 31,260 | 9,382 93 /3062 1,421 41735 473 3/19 11,276
Nevada 57,505 | 17,290 235/1591 2,161 6 /45 773 5/10 20,224
Wyoming 27,697 | 8,414 78 /8912 0 0/0 420 3/10 8,834
In Footprint 285,979| 86,058 998/ 16397 10,133 29/184 4,403 29/ 79 100,594
. Total
OUt Of FOOtprlnt Load Wind CSP with Storage PV Renewable
Energy | Energy # Sites Energy # Sites Energy # Sites Energy
Areas (GWh) | (GWh) | (Used/Available) | (GWh) | (Used/Available) | (GWh) | (Used/Available) (GWh)
COB 1,759 394 6/155 294 1/22 142 1/2 830
Idaho East 6,907 | 1,406 26 /185 0 0/0 142 1/8 1,548
Idaho Southwest 17,962 | 3,658 50 /448 0 0/0 132 1/5 3,790
Montana 14,143 | 2,873 35/1194 0 o/0 127 1/14 3,000
Northern California [128,935( 25,812 393/472 2,726 8/26 1,117 8/30 29,655
Northwest 178,359| 35,733 431 /3195 0 0/0 1,645 13/54 37,378
Southern California | 224,197 44,890 483 /1916 8,957 231/85 2,050 13/39 55,897
Utah 38,022 | 7,658 91 /554 937 3/24 303 2/14 8,898
Out of Footprint |610,284] 122,424 1515/8119 12,914 35/ 157 5,658 40/ 166 140,996

imagination at work

30% Wind, 5% Solar In Footprint
20% Wind, 3% Solar Out of Footprint

35.2 %

23.1 %
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30% In-Area Scenario Power Summary

In Footprint

Load Wind CSP with Storage PV Total Renewable

Minimum | Maximum | Rating| Penetration | Rating| Penetration |Rating| Penetration |Rating| Penetration
Areas (MW) (MW) (MW) | % Min| %Max| (MW) |% Min| % Max| (MW) |% Min| % Max| (MW) | % Min| % Max
Arizona 6,995 23,051 |11,220| 160% | 49% | 1,000 | 14% | 4% | 1,000 | 14% | 4% |13,220| 189% | 57%
Colorado East 4,493 11,589 5,640 | 126% | 49% | 700 | 16% 6% 700 | 16% | 6% | 7,040 | 157% | 61%
Colorado West 712 1,526 900 | 126% | 59% | 200 | 28% | 13% 100 | 14% | 7% | 1,200 | 169% | 79%
New Mexico 2,571 5,320 2,790 | 109% | 52% | 400 | 16% 8% 300 | 12% 6% | 3,490 | 136% | 66%
Nevada 3,863 12,584 | 7,050 | 183% | 56% | 600 | 16% 5% 500 | 13% | 4% | 8,150 | 211% | 65%
Wyoming 2,369 4,016 2,340 | 99% | 58% 0 0% 0% 300 | 13% 7% | 2,640 | 111% | 66%
In Footprint 21,249 58,087 29,940 141% | 52% | 2,900 | 14% | 5% | 2,900 | 14% | 5% |35,740] 168% | 62%

Out of Footprint
Load Wind CSP with Storage PV Total Renewable

Minimum | Maximum [ Rating| Penetration | Rating| Penetration [Rating| Penetration |Rating| Penetration
Areas (MW) (MW) (MW) | % Min|%Max| (MW) |% Min| % Max| (MW) |% Min| % Max| (MW) [% Min| % Max
COB 138 294 180 | 131% | 61% | 100 | 73% | 34% 100 | 73% | 34% 380 |[276% | 129%
Idaho East 460 1,365 780 | 170% | 57% 0 0% 0% 100 | 22% 7% 880 |[191% | 64%
Idaho Southwest 1,188 3,592 1,500 | 126% | 42% 0 0% 0% 100 8% 3% | 1,600 [ 135% | 45%
Montana 1,149 2,337 1,050 | 91% | 45% 0 0% 0% 100 9% 4% | 1,150 [ 100% | 49%
Northern California | 10,297 28,319 |11,790( 114% | 42% | 800 8% 3% 800 8% 3% |[13,390| 130% | 47%
Northwest 14,278 30,953 |12,930| 91% | 42% 0 0% 0% | 1,300 | 9% 4% |14,230( 100% | 46%
Southern California | 9,557 26,864 |14,490| 152% | 54% | 2,300 | 24% 9% | 1,300 | 14% 5% 18,090 189% | 67%
Utah 2,263 7,274 2,730 | 121% | 38% | 300 | 13% | 4% 200 9% 3% | 3,230 [ 143% | 44%
Out of Footprint 46,328 119,696 [45,450| 98% | 38% | 3,500 | 8% 3% | 4,000 | 9% 3% 52,950 114% | 44%

imagination at work
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Pre-Selected Wind Summary

Pre-Selected | % Pre-Selected] MW |Average Load| Pre-Selected | % of Total Load
Pre-Selected Wind | Total Sites Sites Sites Rating Energy Energy Energy
Arizona 1,091 2 0.2% 60 99,437 108 0.1%
Colorado East 1,673 38 2.3% 1,140 61,372 2,686 4.4%
Colorado West 68 0 0.0% 0 8,708 0 0.0%
New Mexico 3,062 28 0.9% 840 31,260 2,231 7.1%
Nevada 1,591 7 0.4% 210 57,505 288 0.5%
Wyoming 8,912 28 0.3% 840 27,697 2,440 8.8%
In Footprint 16,397 103 0.6% 3,090 285,979 7,753 2.7%
Pre-Selected | % Pre-Selected] MW |Average Load| Pre-Selected | % of Total Load
Pre-Selected Wind [ Total Sites Sites Sites Rating Energy Energy Energy
COB 155 0 0.0% 0 1,759 0 0.0%
Idaho East 185 22 11.9% 660 6,907 1,052 15.2%
Idaho Southwest 448 2 0.4% 60 17,962 97 0.5%
Montana 1,194 26 2.2% 780 14,143 1,853 13.1%
Northern California 472 40 8.5% 1,200 128,935 1,973 1.5%
Northwest 3,195 83 2.6% 2,490 178,359 5,064 2.8%
Southern California 1,916 57 3.0% 1,710 224,197 3,690 1.6%
Utah 554 8 1.4% 240 38,022 317 0.8%
Out of Footprint 8,119 238 2.9% 7,140 610,284 14,046 2.3%
[Total [ 24516 | 341 1.4% [ 10,230 | 896,263 21,799 2.4%
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Statistical Analysis on In-Area Scenario
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Time Series Plots and
Daily Profiles



Net Load Concepts

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

e Netload 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 Increases in ramp rates

Net load is also called “Load-Wind-Solar” or L-W-S in parts of this presentation

imagination at work
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Study Area Monthly Energy from Wind and Solar for 2004 - 2006

(30% In Area Scenario)

Study Area Total Monthly Wind and Solar Energy for 2004 - 2006
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State Monthly Energy from Wind and Solar for 2004 - 2006

(30% In Area Scenario)
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% of Load Energy

Wyoming

Wyoming Total Monthly Wind and Solar Energy for 2004 - 2006
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Study Area Average Daily Energy from Wind and Solar for 04 - 06

(30% In Area Scenario)

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Hour of Day

14 14
=PV 1 Ir. 2004 mPV
12 | CSPws) ,I,I,,,,,,,, N B B A 12 CSPws|
mWind I I m Wind
N 777777777.7.7 il IIIIIII i
e, | I m
N PV
? i @ BN RN EEERENEN B .cspws IIII.'— 2005
i 12W.Wind 777777777777 II IBRRRERRE R O
49 10 | E— ”lflf S =R RBRRRRR
|
> A BB EBRERERERERE- - s |
0 - 6 |
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 1
Hour of Day
4 4
Study Area Average
2/ BB BEEBEEEEEREEEREEREEREERERERERER.
Energy by hour, from
. 0 4
Wlnd qnd SOIOr 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
40% 40%

“Mlly. 1 T
—ull |
30% CEEE R EEE - -
3
5 25% - " B B B B o K
e
w
8 20% 3
(e}
e
© 15% 4 30% +
S
10% - 25% -
mPV
% acsprs i B B R -l 20%
mWind
0% +——r 15% -
12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 1€
Hour of Day 10% 1

Study Area Average
Percent Energy by hour,
from Wind and Solar

5%

: Il 35%
0%

506 |

mPV
TImCSPws @ B B |
mWind

0% +

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Hour of Day

m PV
CSPws
mWind

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

19



Net Load Level (MW)

CSPws Output (MW)

Net Load Duration, Wind and Solar Penetration Over Year 2006

Study Area Net Load Duration Curves

Instantaneous Penetration (%)
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Study Area Net Load Duration for 2004, 2005, 2006

(30% In Area Scenario)
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Load (MW)

—~

Load (MW

Study Area Load and Wind Average Daily Profiles By Seasonal Month for 2006

(30% In Area Scenario)
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Study Area CSPws and PV Average Daily Profiles By Seasonal Month for 2006

In Area Scenario)
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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, Wind and Solar Variation Over Month of April
(30% in Area Scenario)
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WECC Total Load, Wind and Solar Variation Over Month of April
(30% in Area Scenariol
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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 (u) - 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% >

< 95% >

< 68%

imagination at work
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Wind Deltas vs Load Deltas by season for 2004-2006

(30% in Area Scenario)
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wind Delta (MW) (30% Scenario)

wind Delta (MW) (30% Scenario)
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Study Area Average Daily Profile of Deltas Over Year 2006

(10% In Area Scenario)
(Avg. +/- sigma, Minimum, Maximum)
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Study Area Average Daily Profile of Deltas Over Year 2006

(20% In Area Scenario)
(Avg. +/- sigma, Minimum, Maximum)
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Study Area Average Daily Profile of Deltas Over Year 2006

(30% In Area Scenario)
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Study Area Average Daily Profile of Deltas Over 2004- 2006

(30% In Area Scenario)
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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 for 2004-2006
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Study Area Total Load, Wind and Solar Variation for Selected Days
(30% In Area Scenario)
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Study Area Total, Load Wind, Solar and Net Load for Oct 8™ 2006

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

Study Area Maximum Daily One-Hour Net Load Pos Deltas - Baseline Study Area Maximum Daily One-Hour Net Load Pos Deltas - 10%
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Timing of Maximum Daily 1-Hr Negative Deltas for Study Area

StudyArea Maximum Daily One-Hour Net Load Neg Deltas - Baseline
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Distribution of Extreme Hourly Net Load Deltas 2004 - 2006

Study Area Cumulative Distribution of One-Hour Deltas 2004 - 2006
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Summary Statistics for 2004 - 2006

Sigma {MW) Ariz CO-E cow N NV WY CE In FP
Load-alane BE0.4 341.4 351 1642 3022 896 14729
Baseline (Existing) Ba9.T 3497 351 1709 301.3 104.7 1466 .3

10% Scenario BES.E  -02%| 3513 05%[ 4258 21.0%[173.0 13%| 3013  00%|) 1042 -0D4%( 142056 -3.2%
20% Scenario 7165 8B%| 3816 91%| B4.2 B829%| 2081 218%| 3298  9A4%| 1304 246%[ 14278 27%
0% Scenario 7942 J04%) 4469 XV B%[ 838 1529%| 2466 443%| FFE1 256%| 1760 BE2%[ 15002 23%
Max Neg Delta{MWV) Ariz CO-E Cow NM NV WY CE In FP
Load-alane -2134 -1339 -180 -1307 -1344 -337 -4911
Baseline (Existing) -2131 -1408 -180 -1352 1342 503 -A042

10% Scenario 2444 147 %) 1422 1.0%([ 221 226%| 1346 -04%| <1345 0.3%| B16 0 2V%| -4VBE -5.A%
20% Scenario -3321  558%| 1706 21.2%( 430 138.8%| 1373 16%| -2245  GB7.3%| 67 34V%| 5326 S5E6%
0% Scenario -46E2 118.8%)| -2687 83.8%([ 662 12.3%|[ -1639 21.3%| -3200¢ 135.7%| 1084 1158%| -B351 35.9%
Max Pos Delta{MW) Ariz CO-E Cow NM NV WY CE In FP
Load-alane 1944 1341 148 1212 1391 435 3305
Baseline (Existing) 19483 1342 148 1169 1400 475 3972

10% Scenario 2233 147%| 1431 BE% 200 3B.0%| 1151 -16%| 1418 1.3%| 477 04%| 5125 2890%
20% Scenario 3114 598%| 1550 15.4% 381 137 2% 1228 A0%| 1710 ZX22%| 741 8B0%| B335 V3.3%
0% Scenario 4235 17 4% 2099 56.3% B0 275.4%| 1678 436%| 2095 496%| 1063 123.8%| VE75 93.2%
Mo. Rises = 3*Load-Sigma | Ariz CO-E CoOw NI NV WYCE In FP
Load-alane a 26 55 53 11 186 a
Baseline (Existing) 0 28 a5 o4 11 304 0

10% Scenario 13 33 268 103 30 265 1

20% Scenario 80 123 1325 313 128 B47 16

0% Scenario 197 364 2521 B33 302 1556 A3

No. Drops = 3*Load-Sigma | Ariz CO-E Cow NI NV WYCE In FP
Load-alone 10 2B il 19 1B 24 3
Baseline (Existing) 9 42 56 49 15 186 2

10% Scenario 18 53 287 B2 34 183 3

20% Scenario 11a 139 1259 340 114 BOO 13

0% Scenario 247 363 2579 728 292 1531 40
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Effect of Wind
Aggregation/Diversity



D efta of Wind Power (%)

Actual wind output vs. One-Hour delta as a Percentage of
Installed Wind Capacity (30% Scenario)
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Number 1-Hr Deltas

Effect of Wind Aggregation on Delta Distribution 04 - 06
(30 % Scenario)
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Distribution of Extreme Hourly Wind Deltas 2004 - 2006

(30% In Areaq)

Number of 1-Hr Deltas
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Operational Analysis on In-Area
Scenario
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Study Assumptions

«2017 Fuel Prices:
eCoal ~ $2.00/MBtu
eNatural Gas ~$8.00/MBtu

eCarbon Tax : $30/ton

*Energy Velocity Database

~24 GW capacity added 2009-2017 timeframe to maintain
reserve margins (~11GW not in plans)

‘NERC ES&D Peak Load Projections

sEconomically Rational, WECC-wide Commitment
and Dispatch

imagination at work
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Forecast Error

*Forecast error varied annually and regionally

*Reduced forecast 10% in study footprint and 20%outside
*“R” scenarios

*Also considered perfect forecasts
*“P” scenarios

Forecast Error - WECC Annual Forecast Error
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Spot Price Duration Curve - 2006
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Average Spot Price ($/MWh) - 2006 shapes
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Spot Price Duration Curve - 2006
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Spot Price Duration Curve - 2006
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Spot Price Duration Curve - 2006 Spot Price Duration Curve - 2006
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200,000

Generation by Type - Study Area - 2006 shapes
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Annual Number of Starts - Study Area - 2006 shapes
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Gas Turbine Generation - WECC - 2006 shapes
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450,000

Study Area Generation - 2006 shapes
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25

Operation Savings - WECC- 2006 shapes
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Average Operation Savings - WECC- 2006 shapes
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Emission Reductions - WECC - 2006 shapes
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Emission Reductions - WECC - 2006 shapes
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Study Area Generator Revenue - 2006 shapes
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Generator Revenue - WECC - 2006 shapes
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Weekly Operational Analysis

Examined hourly operation for two specific weeks in mid-April
and mid-July

*Results show hourly variation in generation by type as
renewable penetration increases
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Study Area - Week of April 10th - 10%R
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Study Area Commitment - Week of April 10th - 10%R
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Study Area Dispatch - Week of April 10th - 10%R
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Study Area Commitment - Week of April 10th - 10%R
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Study Area Dispatch - Week of April 10th - 10%R
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Week of April 10th - Study Area
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Week of April 10th - Study Area
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Week of April 10th - Study Area
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Study Area Dispatch - Week of April 10th - No Wind
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Week of July 10th - Study Area
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Week of July 10th - Study Area
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Week of July 10th - Study Area
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Operational Observations

Forecasts are critical

«Significant variations in impact for the same
wind variability with different forecasts

*No significant issues at penetrations up to 20% in
study footprint and 10% outside

eImpact more severe at 30% inside and 20% outside

*Operational impact dependent on what your
neighbor is doing

imagination at work
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Additional Study Scenarios
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\Variations on In-Area Scenario

e Algorithm displaces less valuable sites from one area, making it a net importer,
with the energy from more valuable sites in another area, making it a net exporter.

e Total renewable energy is held constant.
e Costs of generation equipment, new transmission and losses are minimized.

e Site selection and transmission reinforcements from algorithm are manually
adjusted to reflect practical constraints.

Mega Project scenario - maximum cost benefit

Local Priority scenario - approximate local benefits (e.g., jobs,
taxes) by reducing cost of capital in importing areas

Other scenarios - TBD

imagination at work
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Preliminary Mega Pr

-

New Transmission MW (miles) (GW-mi)
Wind MW (Change from In-Area MW)

o{e_Lct Distribution

Legend:

Total Change in
Installed MW:

-5910 MW

Total Additional
Transmission:

~ 4771 GW-miles

imagina’
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Rationalize Site Distribution & Transmission

e Refine distribution identified by global algorithm to rational
components
e Use whole 30 MW wind plants
e Use whole 100 MW solar plants
e Use typical transmission rating
e 345 or 500 kV AC for bulk interties
e 1000 or 1600 MW/circuit, respectively
® Select kV to match voltage level in vicinity
e HVDC for long distance and high power
® .e.> 2 circuits of EHV AC
e Select in-footprint routes
e Disregard/consolidate small incremental ties to local
transmission voltage level (e.g. 230kV/400 MW)

imagination at work
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Mega Project Scenario

Legend:

Final Wind MW (Change from In-Area MW)
New Transmission MW (GW-miles)

13770
(+11430)

Total Wind MW: s MR s _ =
24040 (801 sites) [$46.2 B) - : ;
Change from in-area MW:

-5940 (-197 sites) (-$11.98B)(-20%)
Total Solar MW:

5700 MW (-100 MW) [-$0.4 B]
Total Additional Transmission:

+ 6900 GW-miles [+$11 B]

Total Change in Capital Cost:

@’- $18
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Prelimin\gz[y Local Priority Distribution

Legend:

Wind MW (Change from In-Area MW)
New Transmission MW (GW-miles)

7395
| (+5055)

Total Change in
Installed MW:

-3192 MW

Total Additional
Transmission:

1890 GW-miles

imaginati ' . § e :
: 85



Local Priority Scenario

Legend:

Final Wind MW (Change from In-Area MW)
New Transmission MW (GW-miles)

V—.—w‘—-u
a

Total Wind MW:
26160 (872 sites) [$52.3 B)
Change from in-area MW:
-3780 (-126 sites) (-$7.6B)(-13%)
Total Solar MW:

5700 MW (-100 MW) [-$0.4 B]
Total Additional Transmission:
+ 2100 GW-miles [+$3.4 B]
Total Change in Capital Cost:
-$4.2B (-7.0%)

7710 R
(-3510)
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Next Steps

e Additional analysis of In-Area scenario
e Reserve requirements
e Quasi-steady-state analysis
e Analyze Mega-Project and Local Priority scenarios

* Develop two more proposed scenarios

imagination at work

87



