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Overview of

Study Design

— EnerNex = Consultant

— Simulations for three calendar years
* 1998 - high-type hydrology
* 2000 = medium-type hydrology
* 2005 - low-type hydrology

— Synthetic wind time series

* Four penetration levels
— 300 MW (10% of system peak load)
— 600 MW (20% of system peak load)
— 900 MW (30% of system peak load)
— 1200 MW (40% of system peak load)
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Electric Utility Operation
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Basics of Electric Utility \

Operation

— About Idaho Power

— Load/resource balance

— NERC compliance standards

— NW wholesale electricity market
— Operating reserves

March 21, 2007 IPC Hydro Wind Study
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Overview of Idaho Power’s

System

— @Generation mix under normal streamflow conditions
* 55% hydroelectric
* 45% thermal

— (Generating resources
* 17 hydroelectric projects = 1,706 MW nameplate

* Interests in 3 coal-fired projects = 1,110 MW nameplate
2 simple cycle combustion turbines = 263 MW nameplate

* 1 diesel-powered generator > 5 MW
— CSPP - 104 aMW purchased in 2006

March 21, 2007 IPC Hydro Wind Study
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Overview of Idaho Power’s

&

System

Total Peak Average
Nameplate Firm Firm
Generation Load Load
Year (MW) (MW) (MW) Customers
1990 2635 2,052 1,205 290,492
1991 2635 1,972 1,206 296,584
1992 2,694 2,164 1,281 306,292
1993 2,644 1,935 1,274 316,564
1994 2,661 2,245 1,375 329,094
1995 2,703 2,224 1,324 339,450
1996 2703 2437 1,438 351,261
1997 2728 2,352 1,457 361,838
1998 2,738 2,535 1,491 372,464
1999 2738 2,675 1,552 383,354
2000 2738 2,765 1,653 393,095
2001 2,851 2,500 1,576 403,061
2002 2912 2,963 1,622 414,062
2003 2912 2,944 1,657 425 599
2004 2912 2,843 1,671 438,912
2005 3,085 2,961 1,660 456,104
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Hells Canyon Complex &

— Brownlee Reservoir
* 585 MW nameplate over five generating units
 Usable storage = 975,000 acre-feet or 101 feet
* Plant hydraulic capacity = 35,000 cfs

— Oxbow Reservoir
* 190 MW nameplate over four generating units
 Usable storage = 5,000 acre-feet or 5 feet
* Plant hydraulic capacity = 28,000 cfs

— Hells Canyon Reservoir
* 392 MW nameplate over three generating units
 Usable storage = 12,000 acre-feet or 5 feet
* Plant hydraulic capacity = 30,500 cfs
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Hells Canyon Complex &

— Total complex in normal water year
* Nearly 70% of annual hydroelectric generation

» Nearly 40% of total energy generation
* Annual generation 5.8 million MWh (667 aMW)

— Provides the major portion of peaking and load-following capability

— Decision support system (DSS) software modeling of operations at complex
* Vista DSS — Synexus Global (Ontario, Canada)
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L oad/Resource Balance .

— NERC Standard BAL-001-0 — Real Power Balancing Control Performance

* Purpose: “To maintain Interconnection steady-state frequency within defined
limits by balancing real power demand and supply in real-time.”!

 Balancing Authority Area Control Error (ACE)
« ACE = (NI, — NI) - 10B(F, — Fy) — I,z € see report p. 14
— “Instantaneous difference between actual and scheduled interchange, taking into
account the effects of Interconnection frequency ...” (Hirst and Kirby, June 2003)?

— “... measures how well the system operator maintains the necessary generation-
load balance.” (Hirst and Kirby, June 2003)?

'NERC Reliability Standards, BAL-001-0, Real Power Balancing Control Performance.

2Allocating Costs of Ancillary Services: Contingency Reserves and Regulation, Eric Hirst and Brendan Kirby, ORNL/TM-
2003/152, June 2003.
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NW Wholesale Electricity
Market

"

Market to NW - Mid-Columbia (Mid-C) hub

Market to E = Palo Verde (PV) hub (assumed trading hub for study)
Liquid markets — study assumed no limit to liquidity

Study focus - real-time market

» Heavy load (HL) = 6:00 a.m.—10:00 p.m. (Monday — Saturday)

* Light load (LL) = 12:00 a.m.—6:00 a.m. AND 10:00 p.m.—12:00 a.m. (Monday —
Saturday) AND all day Sunday

Hourly markets

Market activity for a given hour typically ceases as much as 50 minutes prior to start
of hour

Load/resource balance
* Load = system demand + committed sales
* Resource = system generation + committed purchases

March 21, 2007 IPC Hydro Wind Study
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Operating Reserves ™

Operating Reserve

Regulating Reserve Contingency Reserve
(immediately responsive) fspinning and non-spinning

Regulating reserve
« from online generating units set to AGC that can immediately respond to minute-to-minute fluctuations

in system load/wind, and to correct for unintended fluctuations in generator output
* CPS compliance
* Brownlee & Oxbow

Contingency reserve

» Unloaded generating capacity capable of responding to a major generator or transmission outage
* DCS compliance (Disturbance Control Standard)

* Brownlee, Oxbow, & Hells Canyon
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Estimation of Reserve Requirements
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Regulating Reserves .

— Real-time operations scheduling is binding

» Market unavailable for intra-hour load/resource balancing

— System of generating resources must have flexibility during course of given
hour to manage:

* Variability in load and wind

» Differences between forecast and actual load and wind

— Essential for maintaining CPS compliance

March 21, 2007 IPC Hydro Wind Study
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Fast Fluctuations
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— Load alone (MW load vs. time)
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Fast Fluctuations »

— Load alone (MW deviation vs. time)

100
4
a0

MW
=
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— 28.6 MW of bi-directional reserve to adequately cover deviations
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Fast Fluctuations

Bi-diractional Rezerss

Load only 28.6

300 i Wind 3 2.7
&00 TV Wind 356 7.0
SO0 WV WWind 6 10.0
1200 Wi Wind 415 12.9
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10-Minute Load Data

25550

2550.0

2545.0

2540.0

25350

NEXT-HOUR FORECAST/EXPECTED AVERAGE LOAD
FOR 10:00-11:00 -- AVERAGE OF OBSERVED 10-MINUTE M
LOAD READINGS PLUS ERROR COMPONENT

2530.0 4

252560

system load (MW)

25200

251580 4

2510.0 4

2505.0 4

2500.0 T

0BS AVERAGE LOAD

ABS VALUE DEVIATION OF OBSERVED 10-MINUTE
SYSTEM LOAD FROM FORECAST
NEXT-HOUR LOAD = ABS VALUE {2504.0 MW - 2535.0 MW) = 31.0 MW

05-Jul05  08-Jul05 08-Jul-05 08-Jul05 05-Jul-05 08-Jul05 08-Jul05 08-Jul05  08-Jul05 08-Jul05 08-Jul05 03-Jul-05  08-Jul-05
10:00:00  10:05:00

10:10:00  10:15:00 10:20:00 10:25:00 10:30:00 10:35:00  10:40:00 10:45:.00 10:50:00 10:55:00 11:00:00
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10-Minute Wind Data

100.0

95.0 4

NEXT-HOUR FORECAST/EXPECTED
80.0 4 AVERAGE WIND FOR 10:00-11:00
BASED ON WIND AT 8:55 --79.4 MW

845.0 4

i FORECAST WIND 10:00-11:00

7a.0

wind {MW)

70.0 4

G0.0 4

55.0 4

50.0 4

45.0 T T T T T T T T T T T
08-Jul-04  08-Jul-05 08-Jul-05 08-Jul-05  08-Jul-05  08-Jul-05 08-Jul-05  08-Jul-056  08-Jul-05  08-Jul-0%  08-Jul-05  08-Jul-05  08-Jul-05
08:00:00 081500 03:30:00 084500  09:00:00 091500 09:30:00 094500  10:00:00  10:19:00 1003000 10:45:00  11:00:00
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10-Minute Wind Data

100.0

NEXT-HOUR FORECAST/EXPECTED
0.0 4 AVERAGE WIND FOR 10:00-11:00
BASED ON WIND AT 8:55 --79.4 MW

FORECAST WIND 10:00-11:00

& &

FORECAST WIND 9:00-10:00

wind {MW)

FORECAST WIND 8:00-9:00

45.0 T T T T T T T T T T T
08-Jul-04  08-Jul-05 08-Jul-05 08-Jul-05  08-Jul-05  08-Jul-05 08-Jul-05  08-Jul-056  08-Jul-05  08-Jul-0%  08-Jul-05  08-Jul-05  08-Jul-05
08:00:00 081500 03:30:00 084500  09:00:00 091500 09:30:00 094500  10:00:00  10:19:00 1003000 10:45:00  11:00:00

March 21, 2007 IPC Hydro Wind Study



AmIDECORP Company

2470.0

2465.0 4

2460.0 4

NEXT-HOUR FORECAST/EXPECTED AVERAGE
LOAD NET WIND FOR 10:00-11:00 — FORECAST
LOAD (2535.0 MW) MINUS FORECAST WIND
{79.4 W) = 2455.6 MW

24550

2450.0

load net wind (MW)

24450 4

2440.0

24350 4

24300 4

24250

ABS VALUE DEVIATION OF OBSERVED 10-MINUTE
LOAD NET WIND FROM FORECAST NEXT-HOUR

LOAD NET WIND = ABS VALUE (2427.2 MW - 2455.6 MW} = 28.4 MW

10:00:00

10:05:00

08-Jul-05 08-Juk0s  08-Julk0S  O08-Jul05 03-Juk0s 05-Jul05 OS8-Jul05 08-Jul05 058-JuldS 08-Jul05  03-Jul-03 O8-Jul05  03-Jul0s

10:10:00 100152:00  10:20:00  10:25:00 10:30:00  10:35:00  10:40:00  10:45:00  10:50:00  10:55:00  11:00:00

March 21, 2007

IPC Hydro Wind Study




te Load Net Wi

AmIDECORP Company

23 enceed leve] > RS 23 enceed level ---» BE1
LOAD FORECAST ABE WALLUE LOAD LOADNET WD
TOT 5¥S LOD ERROR FORECAST ERROR > HBLY AWGFCST | DEV | 200MW WIND HELYAYGFCST LOADNET WiND HELY AVGFCST  DEY

01-Jan-05 030500 13813 1493 La9e 1267.0 Wil 223 125 12441

01-Jan-05 001500 1338 136T.0 a7 223 12351 12441

01-Jan-05 0:2:25:00 1385.0 1267.0 1501 w®ea 144 1244.1

01-Jan-05 (033500 1335.0 1367.0 1534 k] 12415 1244.1

01-Jan-05 034500 1383 12670 1567 224 i1ZHE 2441

01-Jan-05 025500 13823 1367.0 1578 223 12345 1244.1

01-Jan-05 040500 1404 4 g3  Eixis 13847 155.4 He.Aa 12489 ix38.8

01-Jan-05 041500 LLIrA 1284.7 1506 5.4 12565 o)

- Jan-05 04-25:00 Ho70 13847 HEE HEA3 12614 1x33.8

01-Jane05 043500 W73 13847 Lk HE.3 1Z84.0 123s

01-Jan-05 044500 i3 1284.7 - 1443 HEA il 1*33.8 :
M- Jan-05 045500 | 1284.7 3 1442 5.3 1279.3 12338 21
01-Jan-05 05:0%5:00 W2T3 0663 0EE 486 W48 LT 12825 12303

01-Jan-05 0651500 1304 144856 HED ST 12842 12008

01-Jre- 05 052500 L b 4488 L 18] 12858 12408

101-Jan-05 053500 14408 144856 450 &g | et Pl im0

01=Jan-05 054500 H4EE 14488 HaE Bnie 12470 12808

01-Jan-05 055500 4587 14486 1519 w78 1347 1290.2
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10-Minute Load and :

Wind Data

T 30,7
200 WY Wind 645
&0 WV Wind T,
S0 WY Wind 1471
1200 W Wind 201 0

March 21, 2007 IPC Hydro Wind Study



Total Regulating

Reserve

March 21, 2007

bidirectional reserve (MW

3500
FAST FLUCTUATIHIS
BDIRECTIONAL INCREASE DUE BIDIRECTIONAL RESERVE BY WIND
RESERVE (MW)  TO WD (M) PENETRATION
LOAD ALOME 5
300.0 4 xxm: 3;; 3; BASED ON AMALYSIS OF 10.MINUTE LOAD
syl B + AND WIND DATA FOR CY 2005
1200 MV WIND 415 12.
2500 J1O-MINUTE DEVIATIONS
: BODIRECTIONAL INCREASE DUE
RESERWE (MW)  TO WIND (MW
LOAD: ALCIME 589
00 MW WIND 4.9 . TOTAL UPDOWN RESERVE
anpn ] B0 MW WD ) 57 COMBIMED BY -4
1 o0 mw wanD 1411 1022 ROOT-SLUM-SQUARE e
1200 MW WD 1.0 1621 OPERATION Lzt
COMEIED THRU RO OT-SUM-SOUARE OP eieT
1500 BODIRECTIONAL INCREASE DUE Sl ETTTT
o RESERWYE (MY TO WD (MW -i: - I ._'\.‘
LOAD ALOMNE 483 _a=3i- DEVIATIONS
300 MW WIND 725 4, sesToesT
00 MW WIND 1026 54, =iaet
S0 WA WIND 1453 . <1
100.0 4 4 200 M winp 05 3 157.0) i
) - FAST
5000 - A FLUCTUATIONS® .
= e e mmmmsafpgEa e AT
@ === emmmmn - *
MOTE: FAST FLUCTUATIONS RESERVE VALUES BASED ON ANALYSIS
g OF 30-SECOND LOAD DATAAND REFORTED VALLIES FOR WIND
0 300 &00 00 1200

wind penetration level (MW nameplate)
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Contingency Reserves »

Operating Reserve

Regulating Reserve Contingency Reserve
(immediately responsive) fspinning and non-spinning

— Applied to flat wind & actual wind cases

— 5% of hydro and wind generation

— 7% of thermal generation

— At least half spinning (online)

— Essential for DCS compliance — recovery from major generator or transmission outage

March 21, 2007 IPC Hydro Wind Study



Imposition of Reserve Requirements in
Vista DSS
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Vista DSS
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Reserve Modeling in _‘

Vista DSS

Not available

within 10 Not Available
min. ¥
4 Available
within 10 Non-spinning
min. ¥
A
Opsrating non-AGC
Reserve

Spinning

Regulating reserve

AGE Loyl {on Automatic Generation Control)

GENERATION

Source: Synexus Global
Online presentation — Application of DSS to Study Wind Generation for Manitoba Hydro
http://www.nwd-wc.usace.army.mil/PB/Workshop/NiagaraO5/presentations/1-7-BG.pdf
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Wl nd | nteg ratlon COSt by Vista Results Using Historical
1 Mid-C prices as Benchmark
penetration level Vita vt
AGC Res AGC Res
Annual Constrai Constrai
Mid-C Cost as nt nt
Penetrati Avg % Violation Violation
on Level Energy Energy s Flat s Var
(MW) Price Price Case Case
1998 300 $3.19 $27.61 11.6% 43 38
28.0% ||~ 2000 Histoic Prices A 1998 600 $473  $27.61  17.1% 50 51
—e— 1998 Historic Prices
2005 Historic Prices 1998 900 $6.06 $27.61 21.9% 49 102
23.0% 1998 1200 $6.92 $27.61 25.1% 36 319
2000 300 $21.89 $132.17 16.6% 37 46
18.0% 7 e - 2000 600 $30.30  $132.17  22.9% 37 76
2000 900 $39.06 $132.17 29.6% 58 373
13.0%
/ 2000 1200 $39.40 $132.17 29.8% 53 1,059
8.0% - 2005 300 $10.69 $58.19 18.4% 20 47
2005 600 $9.32 $58.19 16.0% 45 96
3.0% 2005 900 $10.58 $58.19 18.2% 32 792
soomMw 600 MW 900 MW 1200 MW 2005 1200 $8.12  $58.19  14.0% 34 2,132

Table 13. Summary of Vista DSS results with AGC constraint violation data
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IDAHO POWER COST AS PERCEN E OF MID-COLUMBIA MARKET

Q&

MW 1998 2000 2005 AVG

300 11.60%  16.60%  18.40%  15.53%

600 17.10% 22.90% 16.00% 18.67%

900 21.90%  29.60% - 25.75% —u
1200 25.10%  29.80% - -

—e—STUDY YEAR 1998 —#—STUDY YEAR 2000

—A— STUDY YEAR 2005 ==6==AVERAGE

March 21, 2007

300

600 900 1,200
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IDAHO POWER COST IN DOLL PER MWh OF WIND ($/MWh)
COST BASED ON 2007 LEVELIZE RPA RATE ($62.77/MWHh)

$25.00 \.&
MW AVG % AVG ($IMWh)
300 15.53% $9.75
600 18.67% $11.72
$20.00 1 900 25.75% $16.16
1200 ; -
$15.00 -
$11.72/MWh
! $10.72/MWh
$10.00 - g10 05mwh T
= = =
s s s
<t N o
[e0] ()] o
™ <t ©
$5.00 1 f E O AVERAGE
——3RD ORDER LINE FITTED TO AVERAGE
$0.00 : ' ; ‘ :
0 300 600 900 1,200 1,500

WIND PENETRATION LEVEL

March 21, 2007 IPC Hydro Wind Study



i -

ydrologic Sensitivity

HCC Generation Output
MWh @ 300, 600 MW

Wind
e 1998
e 1998

« 2000
« 2000

* 2005
« 2005

300
600

300
600

300
600

March 21, 2007

Flat
8,073,189
8,023,189

6,337,282
6,350,878

4,849,747
4,844,634

A IDSCORP Compamy

Variable

7,972,745
7,713,782

6,304,673
6,250,816

4,776,864
4,835,293

IPC Hydro Wind Study

Difference
(100,440)
(309,407)

(32,609)
(100,062)

(72,883)
(161,922)
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Sensitivity to Market pricN
- PV set to Mid-C Prices -
System
Peak % MW 1998 2000 2005 AVG
10% 300 12.46% 11.04% 17.87%  13.79%
20% 600 18.54%  17.50%  16.03%  17.35%
30% 900 20.95% 21.91%  29.67% 21.43%
40% 1200 | 22.97% 22.14% 13.70% .

March 21, 2007

IPC Hydro Wind Study




=3 IDAHO
=== " POWER.
r \ AmIDECORP Company

Sensitivity to AGC
Reserve Changes @ M

HCC 600 MW Wind

North West Wind Integration Working Group Draft Report
Comments Resulted in (among other things)

* Lengthening the Wind Forecast Time Horizon
* Including a Load Forecast Error
* Including L-10 Reserve
Resulted in a Modeled Reserve Changes to the Final Report of
Flat Case Reserves changed from 72.5 to 48.3
Variable Case Reserves changed from 116.4 to 102.6

March 21, 2007 IPC Hydro Wind Study
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Sensitivity to AGC
Reserve Changes @ N

HCC 600 MW Wind

Flat Case Reserves changed from 72.5 to 48.3 Value

* 1998 600 97,430, MWh more output $2,366,573
« 2000 600 43,039 MWh more output $15,982,267
e 2005 600 50,510 MWh more output $4,852,448
Variable Case Reserves changed from 116.4 to 102.6

« 1998 600 23,240 MWh more generation $1,630,883
« 2000 600 29,138 MWh more generation $25,446,093
« 2005 600 76,702 MWh more generation $5,956,142

March 21, 2007 IPC Hydro Wind Study



Market Price Sensmwty

SR

Results with 2005 pricing

AG AGC

Vlolatlons Violations
Flat Case Var Case

annual
costper avg costas %

study penetrat MWh energy energy

year ionlevel wind price price

1998 300 $7.71 $58.19 13.2% 19 30
1998 600 $9.11 $58.19 15.7% 24 125
2000 300 $7.42 $58.19 12.8% 30 64
2000 600 $7.54 $58.19 13.0% 31 76
2005 300 $10.69 $58.19 18.4% 20 47
2005 600 $9.32 $58.19 16.0% 45 96
2005 900 $10.58 $58.19 18.2% 32 792
2005 1200 $8.12 $58.19 14.0% 34 2,132

March 21, 2007
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Market Price Sensitiviti

23.0% | _m— 2000 - 05 Prices I
2005 HIST

—— 1998 - 05 Prices

18.0%

13.0%

8.0%

3.0%
300 600 900 1200
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Points for Discussions \

— Actual versus Vista DSS reserve carrying capability of HCC

— Transmission for Integrating Wind Generation

— Relicensing of Hydro Power Projects

— Effect of Load Growth

— Market Prices in the Pacific Northwest

— Market Structure and Operating Agreements in the Pacific Northwest.
— Nature of Wind Generation Development in Idaho Power

— Modeling of Reserve Requirements

— Hydro Conditions

— Comfort Threshold

March 21, 2007 IPC Hydro Wind Study



