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::. 5 Sume wind rasourcecosts ara wll Koown.
N

Operation and Maintenance

&) Some/wind resource costs have sigmficant uncertamty
Transmission
Green tag credits
Tax credits

&) Integration costsare least understood.
What do they comprise?
How are they calculated?
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‘!. Wind Integration Costs

ﬁ.. &) Wind resources incur all theintegration costs of other
resources, but two categoriesiare special to/wing:

incremental keserve hequirements

<

~ system Imbalance Gosts
<

~
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J!: GOSIS

ﬁ.. & Incremental heserve Requirement
Reserves meet unscheduled fluctuations in expected operations.

. &) Systemimbalance

ﬂ‘ Additional unit start-up costs.

4 Moving to/less favorabie portions of heat rate curves.
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Incurring bid-ask spread costs more often.
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ﬁ.. imbalance Gost Assessment

. &) Assessed imbalance costs with PROSYM mouel.
ﬁ

Various levels of; wind\capacity were tested in three future
yEdr's.

incrementaliproduction costs between wind and equivaient
amount of fiat energy tomeet loads:

Difierence inicosts ascrinedto variability of' wind output.

g
N



imbalance Gostincreases with
Instalied Wind Gapacity

Imbalance Cost as Function of Installed Wind Capacity

PAMy Documents\R P2002\Wind\ffla thourly summary 9-30.xIsJEast
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N Incremental Reserves Cost
’| fissessment

ﬁ . &) BOWEr'systems cope with variable, unpredictable; and uncontroliable
chiangesiin loads and/resources:

. &) Gurrent operating margins developed over time and experience-- not

calculated analytically.
~ &) Ghangein standard deviation of loads net of;wint generation was used as
4 proxy for'increased need for reserve margins.
‘ Reserve margin costs were grossed up by percent increase in/standard deviation.
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keserve Refquirements increase
with Wind Gapacity

Incremental Reserve Requirement

P:\My Documents\IRP 2002\Wind\[Incremental Reserve Requirements Calculation.xIs][MWh

y = 1.035E-07x2 + 1.532E-04x
R? =9.977E-01

y = 1.1179E-07x? + 4.9970E-05x
R? = 9.9826E-01
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Cw = Reserve requicement cost [S/MWh)
Pw = Installed wind capacity

f;= Wind capacity factor

A, B'= constants; [B/f~ S1/MWh)

Formula assumes cost of reserves increaseslinearly with reserve requirement-
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. System Capacity Factor

Imbalance  Reserve Total

ﬁ. East 500 MW  35% $1.75 $1.51 $3.26
West 500 MW 35% $2.10 $1.39 $3.49

East 1,000 MW 30% $3.25 $2.72 $5.97

West 1,000 MW 30% $2.95 $2.04 $4.99
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Jl: Analysis Assumptions

) Dispatch model'accurately refiects imbalance costs.
ﬁ Model/does not fully account for hydro flexibility.

I Model has perfect wind resource forecast.
. under-gstimates start up costs.
&) Operating reserve requirements are proportional tohourlyload volatility
~ net of'wind generation.
<

Did not include variability caused by thermal forced outages:
‘ Reserve margins may not be surficient coping mechanism.

ﬁ May need additional ability todropload.
n
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|
‘.. Analysis ASSUMpLIONS conmen

»
ﬁ.. 5) Cost ofireserves remains relatively constant relative tomarket prices:

<
<

I. &) Sufficient transmission|to fully integrate wind resources with the
sysiem.
~ Resource often located in isolated partsiof control areas:
<

&) Intra-hour'variability is not:significant.

ﬁ
n

Analysisiis someting of'asnapstiot and not indexed to market prices or: fuel costs.
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Capital and O&M (20yr life)

Transmission

Imbalance and Incremental Reserves
Production Tax Credit ($18.00 1st 10 years)

Renewable Energy Credits ($5.00 1st 5 yrs)
Total

2002 $/MWh (levelized)

Low High
$40.00 $50.00
$ 200 $ 6.00
$ 500 $ 6.00
-$12.00 $ 0.00
-$ 2.00 $ 0.00

$33.00 $62.00

Average $47.50
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{: Conclusions
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&) strong evidence that: wind integration issues and costs are manageable
for fairly significant amounts of wind on the system.

&) Wind=specific integration costs on/PaciiiGorp's system for wind, up/to
about 207 (wind capacity to peak load); appear to be around $5-6/MWHh.

~ &) FINDINGS'ARE PRELIMINARY!

Operating experience will buiidiconfidence and understanding:
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