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1. Executive Summary

The pup s e of the 2010 Wi nd | nttwofpid.a FEirstotime Sadyudy (
guantifies how wind generation affects the amount of operating reserve needed to maintain
historical levels of reliability. Second, the Study tabulates the cost of integrating wind
generation by measuring how system costs change with changes in operating reserve demand
and by measuring how system costs are affecteathiby system balancingracices

Based upon historical and simulated wind generation data and historical load data, the Study
shows that operating reserve demand for both regulation reserve service and load following
reserve service increases with higher wind penetration levets. plirposes of this Study,
regulation reserve service refers to operating reserves required by variability in both load and
wind over tenrminute time intervals and load following reserve service referspirating
reserves required by both load and windriability over hourly time intervals.Table 1
summarizes how operating reserve demand for both regulation and load following services
increasess wind penetration levels grow from approximaw®p MW to approximatelyl,833

MW. Table 2 depicts the cham@n operating reserve demand that is incremental to a load only
calculation of the same types of reserve service.

Table 1. Annual averageoperating reserve demand by penetration scenario.

Load Only 425MW 1372 MW 1833 MW
Regulation Up 97 105 137 137
West Regulation Down 72 84 120 120
Load Following Up 101 114 139 141
Load Following Down 106 113 132 133
Regulation Up 138 140 201 231
East Regulation Down 107 110 185 222
Load Following Up 139 144 207 245
Load Following Down 144 147 198 237
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Table 2. Annual averageoperating reserve demand incremental téhe load only scenario

Load Only 425 MW 1372 MW 1833 MW
Regulation Up 0 7 39 39
Regulation Down 0 12 48 48
West .
Load Following Up 0 13 38 39
Load Following Down 0 7 26 27
Regulation Up 0 3 63 93
East Regulation Down 0 3 78 116
Load Following Up 0 4 68 106
Load Following Down 0 3 54 93

The costs of integrating wind as calculated in this Study include costs associatattreiised
operating reserve demand as outlined above ancbite from daily system balancing practices.

Both types of costs were calculdteising the Planning and Risk model (PaR), which is a
production <cost Ssimulation model configured
system. For each wind penetration scenario, a series of PaR simulations were completed to
isolate each wind inegr ati on <cost component by wusing a
instance, PaR was first used to calculate system costs without any incremental operating reserve
demand and then again with the added incremental reserve demand. The change in sigstem co
between the two PaR simulations drives the integration cost calculation. Table 3 summarizes the
wind integration costs established in this Study alongside those costs calculated as part of the
2008 Integrated Resource Plan.

Table 3. Wind integration costsper MWh of wind generated as compared to those in the
2008 IRP.

Study 2008 IRP 2010 Wind Integration Study2010 Wind Integration Study
Wind Capacity Penetration 2,734 MW 1,372 MW 1,833 MW

Tenor of Cost 20-Year Levelized 3-Year Levelized 3-Year Levelized
Interhour / System Balancing ($MWh) $2.45 $0.82 $0.86

Reserve ($/MWh) $7.51 $8.03 $8.85

Total Wind Integration ($/MWh) $9.96 $8.85 $9.70

As shown abovehe Study finds that operating reserve demand and the associatedaesise

with wind capacitypenetration System balancing costijiven byday-aheadorecasterrors for

wind and load, trend similarlgs wind penetration increases frdn372 MW to 1833 MW,
however as expected, system balancing integration costs are much lower than integration costs
for operating reserves.
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2. Data Collection

2.10verview

The catulation of Operating Reserve demanmds based on load and production datger the
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2007 to 20090 e r i o dnitigl Tem® ) 6

1Fshogvsl thag over this period, temnute

interval datawas not available for all wind resources included in the Studyonetheless,
PacifiCorp chose to use this data because it represented the best base of observed data available
within the companyit includes significant concurrent load and wind generation datajtand
includes yearonyear variability in weather and othievariables affecting load and wind
generation levels

Figure 1. Raw historical wind production and load datainventory.

= Internal fine resolution data (10-min, 1-hour)

= Data to be developed by technical advisor

Capacity represents portion of the plant in PacifiCorp's control area.

Timeline 2007 2008 2009 2010
o1 [02 [os fos o1 Joz fos |os Jo1 oz [os fos Jor fo2 [os [os

Plant name Size, MW
Foote Creek 45
Stateline* 175
Combine Hills 41
Leaning Juniper 99
Wolwverine Creek 64.5
Marengo 140
Goodnoe Hills 94
Marengo Il 70.2
Mountain Wind | 60.9
Spanish Fork 19

_E Mountain Wind |l 79.8

2 |Rolling Hills 99
Glenrock 99
Glenrock Il 39
Seven Mile Hill 9  Datato be Developed
Seven Mile Hill Il 20
High Plains 99
McFadden Ridge | 28.5
Three Buttes 99
Dunlap | 111
Rock River 50
Composite of Small Projects 81
Top of the World 201.5

T |PACW Load

3 PACE Load
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The data inventory summarized in Figure 1 contamsnuch real, observed, concurrent data as
possible, owing to the volatile anshpredictable nature of wind generation output as well as the
many fine variations available in real load d#tat can be difficult to capture witsimulatel
data. Nonetheless, the data set selected for the Study contains gaps, anesalt PacifiCop
utilized the services of the Brattle Groupe technicaladvisor that assisted with this study, to
simulate missingwind datapertaining to the Initial TermThe simulation of wind data is
discussed at length in its own section later in this report.

2.2 Historical Load and Load Forecast Data

The historical load data for the East and West Balancing Authority Avaasollected for the Initial

Termfrom the PacifiCorp Pl system Thesedatawereused for all the calculations involvirigstorical

load inthe Study. The hourly dayahead load foasts were gathered from Paci€ p 6 s | oad
forecast group,swere the dayahead hourly load forecasts used to set up the generation system
through the Initial Term period.

2.3 Historical Wind Generation and Wind Generation Forecast Data
2.3.10verview of the Wind Generation Data Used in the Analysis

Tenrminuteinterval metereavind generatiordata were available for a subset of the wind sites
summarized irFigure 1 The wind output data were collected by Pi&unfp at each physical
project location using thBl software system. In addition to historical wind generation data, the
Study required historical deghead wind forecasts, modeled ddyead wind forecasts for
simulated data, and the creation of an ideiald profile. All of these data sets were needed to
establish wind integration cosising PaR and adiscussed in turn below.

2.3.2Historical Wind Generation Data

As shown inFigure 2, a cluster dPacifiCorp owned and contractednd generation plastis

|l ocated in Pacific Powerds service area (Pac
anot her is located in the Rocky Mountain Pov
Authority Area). It is worth noting that two wind sites, Wolverine Creeldaho, and Spanish

Fork in Utah are part of the East Balancing Authority Area, but are geographically distant from

both the western and the eastern clusters.

! The PI system collects load and generation data and is supplied to PacifiCorp by OSISoft
http://www.osisoft.com/softwarsupport/whais-pi/what_is PI_.aspx
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Figure 2. Map of PacifiCorp wind generating stationsused in this study
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The available istorical teaminute wind generation data were examined to produce sotia
statistical diagnostics for each site and between sites. For each site4 $hblgs: (1) number

of 10-minute interval data observations available, (2) standard deviatiobsefrved capacity
factors (3) the minimuncapacity factgrand (4) the maximuroapacity factar Small negative
capacity factorvalues (that show up as the minimum) in the data are the result of power
consumption associated with routine operation of thelwrojects even during times when the
project itself is not producing energy.

Table 4. Statistical properties of wind site capacity factor data.

Plant Name Number of Observations Standard Deviation Min Max
Goodnoe 83,520 32% 0% 100%
Leaning Juniper 157,824 35% 0% 100%
Combine Hills 157,824 38% -3% 100%
Stateline 157,824 24% -1% 100%
Marengo 79,776 33% -11% 100%
Wolverine Creek 157,824 29% -1% 100%
Spanish Fork 74,736 29% -4% 87%
Mountain Wind 66,096 29% 0% 100%
Foote Creek 157,824 30% -2% 100%
Seven Mile Hill 52,704 31% 0% 100%
McFadden Ridge 11,952 34% -1% 100%
High Plains 15,840 21% 0% 67%
Glenrock 50,256 29% 0% 100%
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Table5 shows the correlation observed among aggregate hourly load and wind generation data in
2008. By and large, hourly changes in load and wind generation output, wiieloplerational
planning, do not appear to be correlated.

Table 5. Hourly correlation of systemwind and system load

Overall Rolling 6 hourRolling 12 Hou
January -2.5% -2.9% -3.49
February -2.8% -0.6% -1.7%
March -0.4% -1.4% -2.29
April -6.4% -3.5% -5.9%
May -10.4% -3.0% -6.49
June -12.0% -9.2% -11.99
July -12.4% -12.3% -14.29
August -9.1% -8.4% -9.8%
September -6.5% -0.6% -4.09
October -3.5% -4.8% -6.7%
November -7.5% -3.6% -4.49
December -2.0% 0.3% -1.1%

2.3.3Historical Day-ahead Wind Generation Forecasts

Day-ahead wnd forecasts were collected from daily histal files maintained by Pacifi@p
commercial operations. The files contairdadraheadhour-by-hour wind generation forecasts
for the wind projects operating during the Initial Terior those projects naperating during
the Initial Term,day-aheadforecasts were created usitig daily volumetriaday-aheadforecast
error from projects having complete data sets. As such, ti@savere used to bootstrapthe
daily day-aheadforecast volumetric errors fahe 1372 MW and 1833 MW scenarios, and the
daily error (positive or negative) was applied to simulatedd generationdata to create a
modeleddayaheadforecast. The modeledayaheadforecast maintained the same general
hourly shape as the simulatethd generation data but was shifted vertically Roysthour on an
equal percentage basis to keep the aggregate volumetric error constant.

2.3.41deal Shape Wind Generation

In order to isolate wind integration costs from other system costs, a flatchoydprofile is
required for PaR modeling. This profile, deemed the ideal wind shape for purposes of the Study,
treats all the energy produced by wind projects as monolithic blocks. Comporting with standard
trading products among forward energy marketsthe Western Interconnect, the energy
produced in each 36our daily block between hour ending seven and hour ending 22 was treated
as a single block. Similarly, energy produced in tHe8r block between hour ending 23 and

2 Bootstrapping is a common statistical method used to estimate data by extrapolating from existing data.
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hour endingsix was treateds a single block. For each block, the total energy delivered from
wind generation is averaged, thereby flattening the generation pattern.

2.4 Wind Generation Data Simulation

The technical advisorassistedPacifiCorp in developing theStudy methodology and in
supplemenng the historical wind generation dataith simulatedten-minute intervalwind
generationdata This section summarizes the methodology used to simulate wind generation
data and provides sample data and graphics to illustrate the detalised in each step of the
process.

The overall approach teimulating wind generation datavolved takingan historical data
inventory addressing data quality issues in the data inventoigntifying gaps requiring
simulation and finding the bessuited relationship between pairs of sitemd using that
relationship to approximate the wind output for periods with missing historical observations.
However, it is worth noting that for sites with no historical data, the necessary numerical
relationdips were estimated between relevant locations by using simulated wind data made
available by the National Renewable Energy Laboratory (NRElAdditional detail on
simulation procedures &vailable in Appendix A.

2.4.1Categorization oHistorical Wind Data to Determine&Simulation Scope

The historical wind data were classified into three groups to determine the periods requiring
simulation for each site. The three categories are defined in turn below, and Figure 3 depicts
how each site was categoed.

(1) Fully Availabled this category refers to sites for which output data are available for the
entirety of thelnitial Term. Specifically, these wind plants include: Leaning Juniper,
Combine Hills, Stateline, Wolverine Creek, and Foote CreHEkese plats sum to 425
MW of capacity

(2) Partially Missing refers to sites for which output data are unavailable for a portion of
the Initial Term. The wind plants that fall into this category are: Goodétiltse Seven
Mile Hill, Marengo, Spanish Fork, Mountain WinMcFadden Ridge, High Plains, and
Glenrock. One important feature of the partially missing data profiles is that the missing
portions are always chronologically located at the beginning of the time Pevinzk a
partially missing data profile begins,atont ai ns no f ufhede@lantsd at a
sum to 848 MW of capacity.

(3) Completely Missing refers to wind projects, for which no output data are available for
the 20072009 Initial Term. Those sites are: Dunlap, Rock River, Rolling Hills, Three
Buttes, and Top of the World'heseplants sum to 560 MW of capacity
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Figure 3. Categorization of wind generation data.

Data at The Bratile Group
Plant Name Category 2007 2008 2009

Jan] Feb] Mar] Apr [May[ Jun] Jul T Aug] Sep] Oct] Nov] Dec] Jan] Feb] mar [ Apr [ may] Jun] Jul T Aug] Sep] Oct] Nov] Dec| Jan] Feb] Mar] Apr [May] Jun] Jul T Aug] Sep] Oct ] Nov] Dec

Goodnoe Partially Missing
Leaning Juniper Fully Available I I I N I N I | T T 1 1
Stateline Fully Available I I I I I I I | I I |
Combine Hills Fully Available I I I N I I I | 1 1 1
Marengo Partially Missing
Marengo Il Completely Missing
Wolverine Creek Fully Available N I I I N I I I I | T 1T 1T T T T T T T T 1
Spanish Fork Partially Missing I I |
Mountain Wind Partially Missing 1 1 1
Mountain Wind Il | Completely Missing
Seven Mile Hil Partially Missing
Dunlap | Completely Missing
Rock River Completely Missing

Foote Creek Fully Available I T T T T T T T T T 1T I T T T T T T T T T 1 I T T T T T T T T T 7
McFadden Partially Missing
High Plains Partially Missing Data to be Developed :l:l:l:
Three Buttes Completely Missing |
Glenrock Partially Missing I I I I I |
Rolling Hills Completely Missing
Glenrock Il Completely Missing
Top of the World | Completely Missing
Note: This table displays data availability at the monthly level, and is intended for presentation purposes only. In reality, the data availability varies at a sub-hourly level (ten minute intervats).

Legend:
Data available
Data to be developed

2.4.2Simulation Process

The simulation process used in the Study evolved to become iterative in nature to ensure that
simulated wind gemation data used to establigiperating reservedemandwas reasonably
aligned to theoperatingreservedemandcalculated using observed wind generation data. As
such, different methods of error sampling and simulation techniques (multiple linear, ®obit; f
example) were evaluated in this manner. Tallebustrates an exampleof how @erating

reserve demand calculated from observed and simulated data were used to evaluate different
error sampling and raddition methods used in this iterative proctssthe West Balancing
Authority Area.

Table 6. Comparison of operating reserve demanccalculated from actual wind generation
plant data and simulated wind generation plant data estimated using a least squares
regression and applying different scaling of gors added back into the raw prediction.
Actual Wind Generation Data
Load Following Up  Load Following Down Regulation
15.0 (19.1) 15.5

Test (Developed Wind Data)

Error Scaling (%)  Load Following Up  Load Following Down Regulation
10 9.9 (13.0) 111
50 10.6 (13.9) 12.3
75 11.7 (14.2) 14.3
100 12.4 (15.9) 17.1

Several simulation attempts ended with values above the feasible generation capacity range, or
values beneath zero. Attempts to add the error term back into the prediction (a necessary
simulation step) also ¢&d significant hurdles in developing reasonable results. The highly
variable teaminute output led to error terms with ranges larger than the simulated values in
many cases, which would also test the boundaries of either zero or maximum plant capacity
ddivered. Several processes were attempted to retusamplederror estimation back to the
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modeled estimate, per proper regression, including sampling of truncated error distributions,
medians of the error distributions, and various bins of errors sampl@ddded back to the
regression estimate. Various combinations of these methods were put througiertikng
reserve demancestimation calculations to assess whether the results were reasonable.
Ultimately, the Tobit simulation methddescribed in me detail in section A.4.3nd a 3step
smoothed median of the sampled errors proved to offer reasonably stable results.

Ultimately, the iterative simulation process produced a simulation methodology comprised of
several sequential steps:

(1) estimatetie Tobitregressions;

(2) using the regression coefficients, generate estimates of the mean output of the

predicted

(3) calculate the regression residuals;

(4) randomly sample the residuals according to predefined simulated output ranges;

(5) apply anontlinear 3step median smoother to the sampled residuals;

(6) add the smoothed residual series to the predicted mean output.

A more detailed description of each step appafppendixA, and the resulting regression coefficients
appear in AppendiB.

®These are generally referred to in the |literature as fi
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3. Methodology
3.1 Method Overview

This section of the Study presents the approach used to establish the enumeration of operating
reserve demand and the method for calculating wind integration costs. Ten minute interval load
and wind data is used totesate the amount of operating reserve, both up and down, needed to
manage fluctuations in | oad and fluctuations
Areas. The operating reserve discussed here is limited to spinning reserve apinnom

reserve, which are needed for regulation, load following, and contingency reserve services. For
purposes of this Study, regulation service refers to the operating reserve required to manage the
variability of load and wind generation in ten minute perioaisgd load following service
represents the operating reserve required to manage the variability as measured in hourly
periods’ Contingency reserve, although mentioned, is supplied in accordance with the North
American Reliability Corporation (NERC) stamda and remains unchanged by the wind
generation contemplated in this Study. Therefore, the operating reserve quantities discussed
herein are only pertinent to supplying the demands of regulation and load following services,
which are assessed in for loashd load net wind scenarios.

Once the amount adperatingreserves established for different levels of wind penetration, the

cost of holding theeserveon Paci fi Cor p6s s yPaR mm@dditostousiad cul at
PaR for evaluating meratingreserve cost, the PaR model is used to estimate wind integration

cost associated witthlaily system balancing activitiesThese system balancing costs result from

the unpredictable nate of wind generation on day-aheadbasis and can be characterized as
system costs boenfrom committing generation resources against a forecast of load and wind
generation and then dispatching generation resources under actual load and wind conditions.

3.2Incremental Operating ReserveDemand

A dense data sef tenminute interval wind generation and system ldages the calculation of

the marginakeserverequirement in two componentgl) regulation which is developed usgy

the teaminute interval data, and (®)ad following, which is calculated using the saméadaut
estimated using hourly variabilityThe approach for calculatingcrementaloperatingreserve
necessary to supply adegeiatapacity for égulation andoad following at levels required to
maintain current control performance was based on mergingnt operational practice with a
survey of papers on wind integration, as well as advisory from the technical adWiketnitial

Term load datas used ashe baseline case (zero wind generation) in each scenario. Coincident
wind data (as observeg|us that simulated by the technical advisor) were added in increasing
levels of wind capacity penetration to gauge thenge in peratingreserve demand. For
purposes of the Study, tihegulation calculation compares observedrtenute interval load ah

‘Pacificor pos definitions for regul ati on aiond pracica,dandfad | | o wi n g
intended to describe the operational practices or terminology used by other power suppliers or system operators.

® The external studies PacifiCorp has relied on can mostly be found on the Utility Wind Integration Group (UWIG)

webste at the following link:http://www.uwig.org/opimpactsdocs.html
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wind generation production to a ten minute interval estimate,laad following compares
observed hourly averages to an averagearly forecast.

3.2.1 RegulationOperating Reserve Service Demand

With no subhourly clearingor imbalancanarket, PacifiCorpmustplan tomeet sukhourly load

(and load net of wind) deviations wiits own resources. This includegenerating units on
automatic generation control (AGC), demand side management (DSM), and the ramping of
flexible generation units in real time opeoa, whichrequiresthat existing units be committed
andthen dispatcled to provideoperatingreserve Wind variability among teminute intervals

can represent a quantity of generation required to ramp up or down to maintain system stability.
Regulation servicedemand for wind generation variability was considered fifBb. parse the
tenminute interval wind variability from the ensuing load following analysis, a persistence
forecast of the rolling prior 6@ninutes was used to analyze the variatioreath ten minute
interval. The actual wind generation in each ten minute interval was subtracted from the rolling
average of the prior six teminute intervals, and the standard deviation was computed for each
monthly period. This approach follows the oneed by the National Renewable Energy
Laboratory (NREL) for its recent fAE®stern Win

Regulationindomin= Peps2(Windh)
Where:
Pcps2= The percentile of a twiailed distributionequaling theBalancingAuthority
Aread €PS2 performande
Wind, = the wind forecast error defined a&ind actuaromin-Wind 10-min-forecas)
Wind 10min-forecast = the rolling average of the wind generation in pisotr terrminute
intervals also referred to as a persistence forecast of theggrior 60 minutes
Wind acwarnomin = the observed wind generation for a givent@nute interval

The load variability and uncertainty was analyzed comparing thmiteumte actual load values to

a line ofintended schedulevhich was represented byiad interpolated between an actual-top
ofthehour | oad value and the next houroés | oad f
A sample of how the intended schedule compares to actual load data is shown in Fifoee 4.

method approximately miics real time operations process for each hour. At the top of the
given hour, the actual load is known and a forecast for the next hour was made. For the purposes
of this study, a line joining the two points was made to represent the ideal path famgher

decline expected within the given hour. The resulting actuamiente load values were
compared to this straight line so as to produce a strip of error terms, as depicted id Ritgjare

data from February 2009.

® NREL, Eastern Wind Integration and Transmission Styzhgpared by EnerNex Corporation, (January 10, 2010),
p. 143. The report is avalble for download from the following hyperlink:
http://www.nrel.gov/wind/systemsintegration/pdfs/2010/ewits_final_report.pdf

"The Control Performance 2 is a edlility standard is maintained by the North American Electric Reliability
Council. A definition is available on page 3of the document at the following hyperlink:
http:/www.nerc.com/files/Reliability Standards Complete_Set 2010Jan25.pdf
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The erratawere assembled mdhly and theirRegulation demand estimated similarly to the
method used for the Ifinute values of the wind data:

Reg u I atior'oalemin: PcpsZ(Load)

Where:
Load = the load forecast errpcalculated similarly toVind;

Figure 4. Sample ofintended schedile ten-minute load estimateand observed system load.
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Figure 5. Variability between the line of intended scheduleand observed load with errors
highlighted by green arrows.
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As the teaminute load and wind errors each represent unpredictable clirarige need for
dispatchable generation, their variability was assessed separately and combined. The regulation
demand of load net wind generation was estimated assuming short term variations in load are not
correlated with changes in aggregate wind gatimm output through the use of a geometric
average (shown for Regulation Up):

. _ . 2 . 2
Regulationypiomin = \/RegulatlonLoadUPlomin + Regulationy inqupiomin

As the need for regulation service can vary whether the wind is up or down, both Regulation Up
and Regulation Down sepes were estimated at each end of the error distributions.

A sample of the errors logged for the same period, for load and wind, are shown in6FiCiuee
independence of the forecast errors for wind and Veaslassumed. Thesarors,or differences
between forecast and actual, comprisedeahimate of the demand made on regulation service
operatingreserves during power system operations. These differences were calculated for every
ten minutes of operation through the Initial Term period, and segairgte monthly bins for
further analysis.

August 11, 2010 DRAFT Page 13 of 60



Vé PACIFICORP

A MIDAMERICAN ENERGY HOLDINGS COMPANY

Figure 6. Independent forecast errors inten-minute interval load and wind generation
(December 2008, approximately 890 MW of wind penetration).

150.00

100.00 -
=
=
- 50.00 -
o
g
1%}
g 000 II ||I I | H‘ | I“ ll H
e i |

-50.00 - B Wind Erro

Load Error
-100.00 -
Time

Analyzing the results on a monthly basis as opposed to g@w@lirthe calculations together
annually all owed for the fact that rsgolaiem mont h
(for example, July and August) than others, and so costs could be more accurately attributed with

a weighted average of resuiss opposed to grouping theeentir
analysis bin. This is due toperatingreserve being employed to manage the tails of the
distributions involved, and a single annual bin would apply the greatest tail occurrences to the
entire year, as opposed to only themth in which it occurs. Figuré demonstratethe resulting
distributions of regulation demand for wind generatismere regulation down demand is the

negative side of the distributiofhe vertical lines drawn on Figufg illustrate the operating

reserve threshold defined in the Study and data labels are added to denote outlying data points.
Similarly, Figure 8 illustrates the resulting distribution of regulation demand for load, where
regulation up demand is the posdtiside of the distribution.
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Figure 7. Wind Regulation errata plotted for the Mays of the Initial Term at the 1,372MW
wind capacity penetration level.
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Figure 8. Load Regulation errata plotted for the Mays of the Initial Term.
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3.2.2 Load Following Operating Reserve Demand

PacifiCorp maintains system balance by optimizing its operations to an hourly forecast with
changes in generation and market activity. This planning interval represents hourly changes in
generation which are assessed witlinghly 20 minutes each hour to account for a botdm
the-hour (:30 after) scheduling deadline. Taking into account the conditions of the present and
the expected load and wind generation, PacifiCorp must schedule generation to meet demands
with an expetation of how much higher or lower system load (net of wind generation) may be.

PacifiCorp's reatime desk updates the next hausystem load forecast forty minutes prior to
each operating hour. This forecast is created by comparing the currenbddtio the load of a
similar-load-shaped day. The hotw-hour change in load from the similar day and hours (the
load delta)was applied to thdicurrend hour load and the sum is used as the forecast for the
ensuing hour. For examplen a given Monday ta PacifiCorp operator may be forecasting hour

to hour changes in system load by referencing the hour to hour changes on the prior Monday, a
similar-load-shaped day. If the hour to hour load chabgeveen the prior Monday's like hours
was5%, the operatowill use a5% change in load as the next hour forecast.

As for the corresponding short term operational wind foretasthourly wind forecass done

by persistence; applying the instantaneous sample of the wind generation output 20 minutes past
the curent hour to the next hour as a forecast and balancing the sistémat point. The

resulting operationamodelingprocess thereforavent as follows; at the top of the hour, wind
generation output, dispatchable generation output, and load vaderes sunmarized, and

trended using the methods above. Theregatic o mpar ed to the next hour
as soon as possible, with the generation and load values updated at roughly 26 pasiutee

hour. In real time operationshis resultwould then be balanced through a combination of
market transactions and scheduling adjustments to PacifiCorp resources to produce a balanced
schedule for the ensuing howith all transactions having to be complete by 30 mimp#st the

hour. Meanwhile, br puiposes of the calculation made in t&i&idy the hourly wind forecast
consised of the 28" minute output from the prior hour, and the load forecastmodeled per

the approximation described above with a shaping factor calculated using the day froeekne w
prior, and applying a prior Sunday to shape any NERC holiday schedules.

Using the Initial Term data for PacifiCorpos
and wind forecasts was implemented to measure the seasonal or annual trendarialitigy
between the hourly interval load and wind forecasts and the observed average hourly load and
wind generation valuesThese differences @ve segmentednto bins by load magnitude and

wind generation magnitude using load and wind datarderto facilitate making a weighted
average of the reserves demand by load level and wind generation output level. An example of
load and wind data segmented into bins appears in Figutesough 2. Figure 9 depicts
forecast load in West Balancing AuthtgriArea with a range of over and under predictions tied

to Control Performance 2 (CPS2) performance lev@gure 10 shows the same data for the East
Balancing Authority Area. In similar fashion, Figure 11 displays forecasted wind generation in
the WestBalancing Authority Area with a range of over and under predictions consistent with a
97% CPS2 performance levelFigure 12 shows the same wind generation forecast data for the
East Balancing Authority Area.
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Figure 9. Example of bin analysis for load ftlowing reserveservice from load variability in

the WestBalancing Authority Area (May 2007-2009).
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Figure 10. Example of bin analysis for load following reserveservice from load variability

in the EastBalancing Authority Area (May 2007-2009).
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Figure 11. Example of bin analysis for load following reserveservice from wind variability
at the 1372 MW penetration level for the West Balancing Authority Area (May 2007
2009).
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Figure 12. Example of bin analysis for load following reserveservice from wind variability
at the 1372MW penetration level for the East Balancing Authority Area (May 2007-2009).
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Probabilities implied by the population of each bin, representing the expected amount of time
spent in each load state, were represented by ttoeibsd data. The percentile equivalent to the
historical CPS2performance of PacifiCorp was sampled above and below the median of each of

the bins. The average CPS2 performance for |
Areas over the perio@004 to 2009 was just below 97%As the goal of thisStudyis to
i ncorporate wind integration i rperfermancef 97@or p o s

wasemphasized in these calculation8n assessment of th@verall system power quality
standabne topic that is beyond the scope of this Study, and thus, the Company assumed this
level of reliability will be maintainedThe difference between the CPS2 percentiles and the
median of the bins represents the impliadrementalload following service dr gperating
reservedemand within that bin. As each respective bin also has an implied probability by the
number of data points falling within it, the volumetric position over the study period was
calculated as a simple weighted average.

To further exphin the calculation method fdpad following reserve demand, the following
example follows fronthe illustration inFigure 10. To assesshie load following up reserve
positionfor Bin 5, subtract the lower bound valugg32 MW) from the system load farast of

5,687 MW to arrive atan estimate of 154 MW for the occurrences within that Ioitegrating

this process through all binsrodued a compositeohd following up position for theEast
Balancing Authority Arean May, and the process was repeatedefach month in thep and

down directions. Wind generation was analyzed in exactly the same procedure, but with
generation output representing the individual state variable. The wind and load reserve positions
were combined using the root sum squareutation in each direction (up and down), assuming
their variability in the short term is independent.

_ 2 , 2
ReserveSLoadFollowing - \/LoadReserveSLoadFollowing + WlndReserveSLoadFollowing

3.3 Determination of Wind Integration Cost

3.3.1 Overview

Owing to the variability and unceainty of wind generation, each hoof power system
operations features a need to set aside increagectingreserve(both spinning and nen
spinningreserve, in addition to those set aside explicitly to cover load and contingency events
which are inhent to the PacifiCorp system with or without winddditional costs are incurred
with daily system balancingractice that is influencelly the unpredictable nature of wind
generation on dayaheadbasis. To derive how wind generation affects operatiagerve costs

and system balancing costs, the Study utilizes the PaR model

Paci fi Corpébs PaR model , devel oped and | icense
chronological unit commitment and dispatch productiost simulation engine and is configdr

with a detailed representation of the PacifiCorp system. For this study, four different PaR
simulations were developed farrange of wingpenetration scenasoas defined in Table 7. By

carefully designing the four simulations, we were atdeisolae wind integration costs
associated with operating reserves and to separately calculate wind integration costs associated
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with system balancing practicelhe former reflects integration cost that asisem shortterm
(within the hour and hour ahead) iadaility in wind generation and the latter reflects integration
costkthat arise from errors in forecastitogad andwind generation on a deghead basis

Table 7. Wind penetration scenarios used in PaRas a percentage of total fleet capacity

2007 2009 2010
Represenative Timing Baseline End of Year End of Year End of Year
Installed Wind Capacity (Megawatts) 0 425 1,372 1,833
Wind Penetration Percentage 0% 3% 10% 12%

The fourPaR simulationsised for each penetration scenario in the Study are atiged in

Table 8. The first two simulations are used to tabulate operating reserve wind integration costs,
while the third and forth simulations support the calculation of system balancing wind
integration costs.Table 8 identifies how key input varigsichange among the simulations. The
simulations were run over the 2011 to 2013 forward term (three years), wherein 2007 wind
generation and load data are used as inputs for 2011, 2008 wind generation and load data are
used for 2012, and 2009 wind genematand load data are used for 201Bhis calculation
method combines the benefits of using actual system data available for the historieéiree
Initial Term periodwith current forward price curves pertinent to setting the cost for wind
integration srvice on a forward basfs.PacifiCorp resources used in the simulations are based
upon the 2008 IRP Updatesource portfolid

Table 8. Wind integration cost simulations in PaR

PaR
Model Forward Load Wind Profile Incremental Day-ahead
Simulation Term (Initial Term) (Initia | Term) Reserve Forecast Error
1 2011- 2013 Actual Ideal Shape None None
2 2011- 2013 Actual Actual Yes None

Operating ReservintegrationCost = System Cost from PaR simulation 2 less system costs from PaR simulation

3 2011- 2013 Day-ahead Day-ahead Forecas Yes None
Forecast
Yes
4 2011- 2013 Actual Actual Yes (Commitment from

PaR Simulation 3)
System BalancinimtegrationCost = System Cost from PaR simulation 4 less system costs from PaR simulation

8 The Study uses the March 31, 2010 official forward price curve.

° The 2008 Integrated Resource Update report, filed with the state utility commissions on March 31, 2010. The
reportisavai |l able for download from Pacifi Corpbés | RP Web

http://www.padficorp.com/content/dam/pacificorp/doc/Energy_Sources/Integrated_Resource_Plan/2008IRPUpdate/
PacifiCorp2008IRPUpdate -31-10.pdf
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3.3.2Calculating Operating Reserve Wind Integration Costs

To assess the effects of various levels of wind capacity added BaldwecingAuthority Areas

on operating reserve costsach penetration scenario was simulated in PaR using both ideal
(Simulation 1) and actuk (Simulation 2) wind profiles. Both the ideal and actual PaR
simulations excluded System Balancing cast$he ideal wind profilei s a Afl atte
representation of the actual profile, where wind generation is averaged acressl @ifpeak

blocks. Sudth a profile requires no additionaperatingreserveto support wind generation
variability, and as suchSimulation 1 only includel an @erating reserveneeded for load
variability. In summarySimulation 1 included actual historical loads, ideal wind fites, and no
incrementabperatingreserveo account for wind variability.

Simulation 2 usel the actual windyeneratiorprofiles, which reflect the 2007 to @0 observed
and developednitial Term wind dataas inputs for the 2011 to 2013 forward periot@hese
actual wind generationprofiles reflect thesame variability used to derivethe incremental
operating reserve requirementseeded to integrate wind generatiorhus, the second PaR
simulation includes the incrementaberatingreservedemand createby the variable nature of
wind generatioras well as the actualariablewind generatiorprofiles.

The system cost differences between these two simulations were divided by the total volume of
wind generationn each penetration scenario to derivewhed integration costs associated with
having to hold incrementabperatingreserveon a per unit of wind production basis

3.3.3Calculating System Balancing Wind Integration Costs

PacifiCorp conducted another series of PaR simulations to estiiaigtesystem balancing wind
integration costs consistent with the wind penetration scenstimsed In this phase of the
analysis, PacifiCorp generation assets were committed consistent withaaated/ forecast of
wind and load, but dispatched against actwind and load. To simulate this operational
behavior, twaadditionalPaR simulationsverenecessary for eachind penetratiorscenario.

Simulation 3was used taletermine the unit commitment state of generation assets given the
day-aheadforecast of wnd generationand load.Simulation 4 usedhe unit commitment state
from Simulation 3 but dispatches units based on actual wgaderationand load This actual

wind and load data is pulled from the Initial Term , and thusdestical to the actual wd
generation and load inputs used to deriperatingreserve wind integration costs as described
above. In botlof thesePaR simulations, the amount of incrememé&serverequired for each
penetration scenariwwasapplied.

The change in system codtetweenSimulation 4 and the system costs frorBimulation 2
already produced in the estimation ofperatingreserveintegration costssolates the wind
integration cost due tsystembalancing. Dividing the change in system costs by the volume of
wind generationin each penetration scenapooduced aystem balancing integration costs on a
perunit of wind productiorbasis.
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3.34 Allocation of Operating Reserve Demarad PaR

PaR Simulations 2 through 4 require operating reserve demand inputs thabemasplied
consistent with the ancillary services structure native to the mathel.PaR model distinguishes
reserve types by the priority order for unit commitment scheduling, and optimizes them to
minimize cost in response to demand changes and timsitguat reserverequired on an hotto-

hour basis. The higheptiority reserve types are regulation up and regulation down followed in
order by spinning, nespinning, and finally, 3@ninute norspinning’® Reserve requirements in

the model need to be adlated into these PaR reserve categosied areexpressed as a
percentage of load.

The regulation up and regulation down reserves in PaR are a type of spinning reserve that must
be met before traditional spimg and norspinning reservedemands are 8sfied. The
incremental operating reserve demand needed to integrate wind generation was assigned in PaR
as regulation up and regulation down. The traditional spinning angpioning reserve inputs

are used for contingency reserve requirements, whérhain unchanged among all PaR
simulations in the StudyThe 30-minute nors pi nni ng reserve IS not ap
system, and thus it is not used in this Study.

Note that given the hourlgranularity in PaRthere is no distinction betweaperatingreserve
categorized as regulation and lgfatiowing in terms of how the model optimizes their use
Thus both regulation reserve service demand and load following reserve service demand are
combined as a geometric average amput in PaR as regafion up and regulation down
Further, owing to the hourly granularity of PaR and the fact that PaR optimizes dispatch for each
distinct hour, regulation reservage effectivelyreleased for economic dispatch from one hour to

the next The PaR model regires separate inputs fopianing operatingreserveand ron-
spinning operatingreserve. Table 7 summarizes how the services for operating reserves are
applied in PaR.

Table 7. Allocation of operating reservedemand to regulation, spinning and nonspinning
reserve categories irPaR.**

Reserve Service PaR Regulation Up PaR Regulation Down PaR Spinning Reserves PaR Non-Spin Reserves
RegulationUp;owmin RegulationUpsowmin 0 0 0
RegulationDown; gyin 0 RegulationDown; oyin 0 0
Load Following Up Load Following Up 0 0 0
Load Following Down 0 Load Following Down 0 0

0.5*%(5% of Hydro and Wind 0.5*%(5% of Hydro and Wind
Contingency 0 0 Generation output + 7% of Generation output + 7% of

Thermal generation output) Thermal generation output)
Total Geometric Average of the above| Geometric Average of the above Sum of the abowe Sum of the above

%1n PaR, spinningaserve is defined as unloaded generation which is synchronized, ready to serve additional
demand and abl® reach reserve amount within 10 minutes. {dpiming Reserve is defined as unloaded
generation which is nesynchronized and able to reach required generation amount within 10 minutes.

1 Contingency Resenvs specified by théorth American Energy @rporationin per
http://www.nerc.com/files/BAESTD-002-0.pdf.
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3.3.5 Satisfyilg Reserve Service Demand in PaR

Paci fi Corpos
shown in Table3. Regulation reserve is typically held by units operating in aatiengeneration

control (AGC) mode.

t her mal

and hydro

Table 8. Reserve service capability of each generating unit in PaR.

antefed ia Pafas e

Regulation Regulation
Unit Name Up Down Spin Non-Spin
BEAR RIVER No No No Yes
CARBON 1 No No Yes Yes
CARBON 2 No No Yes Yes
CHEHALIS Yes Yes Yes Yes
CHOLLA 4 Yes Yes Yes Yes
CLEARWATER 1 & 2 No No No Yes
COLSTRIP 3 &4 No No No Yes
COPCO1&2 No No Yes Yes
CRAIG1&2 No No No Yes
CURRANT CREEK Yes Yes Yes Yes
DAVE JOHNSTON 1 No No Yes Yes
DAVE JOHNSTON 2 No No Yes Yes
DAVE JOHNSTON 3 No No Yes Yes
DAVE JOHNSTON 4 Yes Yes Yes Yes
FISH CREEK No No No Yes
GADSBY 1 No No Yes Yes
GADSBY 2 No No Yes Yes
GADSBY 3 Yes Yes Yes Yes
GADSBY 4 Yes Yes Yes Yes
GADSBY 5 Yes Yes Yes Yes
GADSBY 6 Yes Yes Yes Yes
HAYDEN 1 & 2 No No No Yes
HERMISTON 1 Yes Yes Yes Yes
HERMISTON 2 Yes Yes Yes Yes
HUNTER 1 Yes Yes Yes Yes
HUNTER 2 Yes Yes Yes Yes
HUNTER 3 Yes Yes Yes Yes
HUNTINGTON 1 Yes Yes Yes Yes
HUNTINGTON 2 Yes Yes Yes Yes
JC BOYLE No No No Yes
JIM BRIDGER 1 Yes Yes Yes Yes
JIM BRIDGER 2 Yes Yes Yes Yes
JIM BRIDGER 3 Yes Yes Yes Yes
JIM BRIDGER 4 Yes Yes Yes Yes
LAKE SIDE Yes Yes Yes Yes
LEMOLO No No No Yes
LITTLE MOUNTAIN No No No Yes
MERWIN No No No Yes
MID-COLUMBIA Yes Yes Yes Yes
NAUGHTON 1 No No Yes Yes
NAUGHTON 2 Yes Yes Yes Yes
NAUGHTON 3 Yes Yes Yes Yes
SWIFT Yes Yes Yes Yes
TOKETEESLIDE No No No Yes
WYODAK Yes Yes Yes Yes
YALE Yes Yes Yes Yes
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3.3.6 Modelhg gas plant utilization in PaR

One of the objectives in calculating wind integration costs using PaR veasulate observed
reattime uni t commi t ment and dispatch behavior
simulation period. A specific focus wadacedon eastside gas plantgapable ofproviding
regulation reserve servicdhe commitment status of these gas plants, consisfif@urrant
Creek, Lake Side, and Gadsby wunit sPaRtomirrbrr ou g h
recent utilization of these unitén the PaR framework, ust run status means that the unit is
committed but not necessarily fully dispatcheat, all times. PacifiCorp then compared the
resulting simulated capacity factors fie simulation yeaR013 against actual plant capacity
factorsfor 2009 keeping in mind that 2009 wind generation and load data are used as inputs for
the 2013 PaR simulatiorear. Differences in the capacity factors were reasonably small.

Given these findings, PacifiCorp concluded thHdR was reasonably aligned with actual
operationalcharacteristicof the easside gas plantsvhen settingCurrent Creek and Gadsby
units4 through 6as must run Consequently, this must run configuration was applied intBaR
circumvent the fact that PaR establishes unit commitment on price and not necessarily on
operating reserve requirements. In this way, and consistent with receaticopsrpractice, the
Current Creek and Gadsby units 4 through 6 are available for meeting operating reserve
obligations even when owtf-theemoney from a pure market dispatch perspective.

The must run setting on Currant Creek and Gadsby units 4 threiMgwas applied in PaR
Simulations 2 through.4 In each of these simulations, incremental operating reserve demand
needed to integrate wind is applied in the model, and-mmstonfiguration ensures that the
select set of eastide gas units will be @ilable to meet the added reserve obligation even at
times when they are owf-themoney. In contrast, PaR Simulation 1 does not include any
incremental operating reserve demaauad thus, the musun setting was not used.

3.37 Transmission Topologin PaR

PacifiCorp used thPaRtransmission topologgonsistent with the 2008 IRP Update as shown in
Figure 13.

August 11, 2010 DRAFT Page 24 of 60

C



A MIDAMERICAN ENERGY HOLDINGS COMPANY

% PACIFICORP

Figure 13. PaR transmission topology.
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3.3.8 Carbon Dioxide Cost AssumptionsiaR

Given the 2011 to 2013 forward term used in the ttltere was no C{rost applied to fossil

fired thermal generating resources. This assumption simplifies any comparison of the calculated
wind integration cost among the three forward simulation years and avoids the possibility of
disparity between plamtispatch costs and wholesale electricity market forward prices used over
the term. This is in contrast the 2008 IRP Updateén which PacifiCorpassumed that federal
capandtrade carbon dioxide (Cfallowance prices go into effect in 2013, with psictarting

at $8.58/ton in 2013 dollars and escalating at 1.8 percent pathgeaafter
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