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AgendaAgenda

» Review of New Portfolios – Pete Warnken

» Results of Deterministic Runs – Stan Williams

» Results of Stochastic Analysis – Christine Jerko

» Customer Impacts – Kim McRunnel

» DSM Analysis – Mike Koszalka

» Next Steps – Melissa Seymour



Review of New PortfoliosReview of New Portfolios

Peter Warnken
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New Candidate PortfoliosNew Candidate Portfolios

» Created 7 additional candidate portfolios based on PVRR analysis
and PIM participant feedback
• Modified three of the top-performing original portfolios by replacing the 

FY2015 Wyoming IGCC resource with a pulverized coal resource

• Two “gas-only” portfolios – one with all CCCT; the other with a 
combination of CCCTs and IC Aero SCCTs

• A “Capacity Expansion Model (CEM)” portfolio based on the results of a 
CEM run

• Additional IGCC portfolio
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Portfolio InventoryPortfolio Inventory

Portfolios Presented at Prior PIM
Reference:

• (E) PC in Utah – FY2011
• (E) DC-CCCT  – FY2009
• (E) WC-CCCT  – FY2014
• (E) IGCC – FY2015
• (W) DC-CCCT  – FY2013
• (W) IC Aero SCCT - FY2013

A. Remove FY2011 Utah PC, Replace w/ DC-
CCCT

B. Replace FY2009 CCCT with Aeros
C. Defer FY2011 Utah PC, Replace w/ WC-

CCCT
D. Replace FY2015 IGCC w/ PC Coal
E. RMATS Scenario
F. Build on East Side vs. West Side
G. Replace FY2014 CCCT with Compressed 

Air Energy Storage
H. Replace FY2014 CCCT with Hydro Pumped 

Storage

Stress Cases:
» 18% Planning Margin
» 12% Planning Margin
» Without Front Office Transactions

New Portfolios
J. Portfolio B, with Wyoming PC 

Replacing IGCC
K. Portfolio C, with Wyoming PC 

Replacing IGCC
L. Portfolio D, with Wyoming PC 

Replacing IGCC
M. All Gas with CCCTs
N. All Gas with CCCTs and IC Aeros
O. Utah and Wyoming IGCC
P. CEM-selected Portfolio

Notes:

PC: Pulverized Coal

DC-CCCT: Dry-Cooled, Combined Cycle Combustion 
Turbine

WC-CCCT: Wet-Cooled, Combined Cycle Combustion 
Turbine

IGCC: Integrated Gasification Combined Cycle

IC Aeros: Intercooled Aeroderivative Simple Cycle 
Combustion Turbine
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New Portfolio Build TablesNew Portfolio Build Tables

» Test hypothesis that switching Wyoming IGCC with PC Coal will 
lower PVRRs for original portfolios
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New Portfolio Build Tables…ContinuedNew Portfolio Build Tables…Continued

» Test hypothesis that replacing all coal units with gas units 
results in marginally lower deterministic PVRRs than portfolios 
with coal:
• All CCCT Gas…

• Combination of CCCT and IC Aeros…
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New Portfolio Build Tables…ContinuedNew Portfolio Build Tables…Continued

» Build gas-fired resources to enable deferral of Utah Pulverized 
Coal unit and construction of IGCC in its place; results in two 
IGCC units in the East
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New Portfolio Build Tables…ContinuedNew Portfolio Build Tables…Continued

» CEM-Selected Portfolio (Constructed by using the build pattern 
selected by a CEM simulation run)

• Compare the CEM portfolio with Portfolio E:

• Differences include: 
⇒ East: (1) defer Utah brownfield coal and second CCCT by one year, (2) 

add IC Aero SCCTs in FY2014, (3) exclude FY2015 WY brownfield coal

⇒West – spread IC Aeros builds to FY2011 and FY2014, and add IC Aero 
SCCT in FY2014



Results of Deterministic Runs Results of Deterministic Runs 

Stan Williams
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PVRR RankingsPVRR Rankings

» Light shaded bars represent the original portfolios A – I

» Dark bars represent the new portfolios J – P

» Bold border bar is the Reference portfolio (A)

» All results are within 2.1% of the lowest PVRR portfolio
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PVRR ObservationsPVRR Observations

» Base Portfolios
• One element change to the Reference Portfolio (A)

• PVRRs are similar to Reference Portfolio

» Advanced Technology and Transmission
• New technologies and RMATS scenario

• Tended to have highest PVRRs
⇒High capital costs drive increase in PVRR

» Replace IGCC
• Portfolio E was best performer of original portfolios

⇒ Inspired Portfolios J, K and L

• Replacing the IGCC with Wyoming PC consistently lowered the 
PVRR
⇒Net impact is about $75 million savings
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PVRR Observations cont.PVRR Observations cont.

» Heavy Gas
• Tested hypothesis that replacing coal with gas units results in lower 

PVRR
• Hypothesis was correct

⇒All Gas portfolio (M) is least cost
⇒All Gas with Aeros (N) is third least cost

• Capital cost is the driver
⇒All Gas (M) is least cost with highest variable cost

• CEM Portfolio (P)
⇒Mostly gas, with Utah PC deferred to 2012
⇒Close second least cost

– 0.014% higher PVRR than All Gas portfolio

⇒Why does it perform well?
– Benefits from low capital costs of gas resources and delaying Utah PC start 

date to 2012
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PVRR Rankings: Variable and Fixed CostsPVRR Rankings: Variable and Fixed Costs

» Lower variable cost portfolios tend to have higher capital costs and 
vice-versa

» Capital costs are estimates. Engineering studies will be required to 
determine actual costs

Net Variable 
Power Cost 

($Bil)
Net Variable 
Cost Rank

Capital Cost 
($Bil)

Capital Cost 
Rank

Overall PVRR 
($Bil)

Overall PVRR 
Rank

A: Reference 10.94 3 2.43 14 13.37 9
B: Remove FY2011 Utah PC, Replace w/ DC-CCCT 11.51 14 1.88 4 13.40 12
C: Replace FY2009 CCCT with Aeros 11.02 5 2.35 11 13.36 8
D: Defer FY2011 Utah PC, Replace w/ WC-CCCT 11.11 9 2.27 8 13.38 10
E: Replace FY2015 IGCC w/ PC Coal 10.90 1 2.42 12 13.32 6
F: RMATS Scenario 11.18 10 2.31 9 13.49 13
G: Build on East Side vs. West Side 10.94 2 2.45 15 13.39 11
H: Replace FY2014 CCCT with Compressed Air Energy Storage 11.07 8 2.42 13 13.49 14
I: Replace FY2014 CCCT with Hydro Pumped Storage 11.05 6 2.48 16 13.53 16
J: Portfolio B, with Wyoming PC Replacing IGCC 11.47 13 1.86 3 13.33 7
K: Portfolio C, with Wyoming PC Replacing IGCC 10.97 4 2.33 10 13.29 4
L: Portfolio D, with Wyoming PC Replacing IGCC 11.06 7 2.25 7 13.31 5
M: All Gas with CCCTs 11.68 15 1.58 2 13.26 1
N: All Gas with CCCTs and IC Aeros 11.76 16 1.54 1 13.29 3
O: UT & WY IGCC 11.32 12 2.19 6 13.52 15
P: CEM-selected Portfolio 11.29 11 1.97 5 13.26 2
12% Planning Margin 11.05 2.09 13.14
18% Planning Margin 10.92 2.64 13.56
Front Office Transactions 10.99 3.18 14.17
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ConclusionsConclusions

» The top 7 portfolios are within 0.466% of least cost

» The top performing portfolios will be run stochastically (with 12% and 
18% portfolios), which are the following:
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Results of Stochastic Analysis Results of Stochastic Analysis 

Christine Jerko
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Two Types of Stochastic Runs Applied to PortfoliosTwo Types of Stochastic Runs Applied to Portfolios

» 1)  All five stochastic parameters considered variable: load, 
hydro, gas price, power price, and forced outages.

» 2) ‘Spark Spread’ analysis:  considers only power prices, gas 
prices, and forced outages as stochastic processes.
• Most influential parameters
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Summary Risk MeasuresSummary Risk Measures

» Average Cost: 100 iteration average of the present value of 
operating cost

» Upper Tail Average Cost: Average of 5 highest iterations of 
present value operating costs

» Standard Deviation of Upper Tail: Expected variation of cost 
around the upper tail

» Risk Exposure: The difference between our expected 
stochastic operating costs and the average of the upper 
stochastic tail of operating costs

» Cost Risk Trade-Off: Net present value of revenue required 
(total portfolio costs) versus risk exposure
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Summary Statistics Stochastically Produced Portfolios Summary Statistics Stochastically Produced Portfolios ––
Variable Costs Only Variable Costs Only (100 Iterations)(100 Iterations)

» Stochastic average ordinal ranking consistent with deterministic average 
variable costs 

» Lowest costs are associated with fuel diversified portfolios (E, J, L, K) 
» Highest cost associated with ‘heavy’ gas portfolios (M, N)
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Fixed Deterministic with Stochastic Variable CostsFixed Deterministic with Stochastic Variable Costs

» E, L, K and 12% are lower cost portfolios
» Highest cost still associated with ‘heavy’ gas portfolios (M, N)

Fixed Deterministic Costs + Average Stochastic Variable Costs
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Upper Tail Average CostsUpper Tail Average Costs

» K and E have lowest combination of upper ‘tail’ risk, and variability around that risk
» Although 18% and 12% portfolios appear to have relatively low upper ‘tail’ risk, the 

standard deviation is higher than all other portfolios
» 12% has the highest proportion of ENS contributing to overall cost
» 12% has 80% higher ENS costs than portfolio with next highest ENS costs

Upper Tail Cost and Standard Deviation 
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Overall Risk ExposureOverall Risk Exposure

Difference between stochastic average with average upper tail cost

» K exhibits least potential risk: combination of fuel diversity, and generation diversity

» J exhibits highest potential risk

Risk Exposure
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Cost vs. Risk TradeCost vs. Risk Trade--OffOff

» Ideally targeting portfolios in lower left-hand quadrant.

» K appears least risk relative to cost

Total Cost vs Risk Exposure
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Spark Spread: Upper Tail Average CostsSpark Spread: Upper Tail Average Costs

» K has lowest combination of upper ‘tail’ risk, and variability around that risk

Upper Tail Average and Standard Deviation for Spark Spread 
Stochastic Run
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Spark Spread: Overall Risk ExposureSpark Spread: Overall Risk Exposure

» Ranking remains the same as the ‘all variable’ stochastic runs

Risk Exposure for Spark Spread Stochastic Analysis
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Spark Spread: Cost vs. Risk TradeSpark Spread: Cost vs. Risk Trade--OffOff

» K is least risk relative to cost, J is high risk and high cost

» Little discernable difference between other portfolios

Total Cost versus Risk Exposure
for Spark Spread Stochastics
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ConclusionsConclusions

» Little variance in standard deviation of stochastic results due to 
high concentration of existing coal

» Stochastic results marginally favor diversified portfolios in terms 
of fuel mix (i.e. gas and coal)

» Generally, all gas portfolios performed comparatively worse
» Generation diversity (i.e. simple cycles mixed with combined 

cycles) gives the portfolio added flexibility which translates into 
lower stochastic risk

Portfolios to be Targeted
» Select lowest cost deterministic portfolios – M, P
» Select portfolios that are low cost and low risk – L, E, K
» Eliminating portfolios J and N
» Stress runs to be performed on selected portfolios

• CO2 and High Gas 



Customer ImpactsCustomer Impacts

Kim McRunnel
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BackgroundBackground

» Previous IRP methodology

» Comments on the 2003 IRP Method

» Customer impact analysis and IRP process

» Issues to consider when choosing a methodology

» Next Steps
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Previous MethodologyPrevious Methodology

» On a total company basis

» Two parts:  
• Costs already in rates (Benchmark) 

• Year on year increase in generation costs

» For costs already in rates
• Retail Revenue / Retail MWh sold  = Benchmark Total Company 

Revenue Requirement per MWh or Retail Rate

» For year on year increase (IRP costs)
• Annual Revenue Requirement / annual  load 

• Used the % increase over previous year to show annual increase 
over Retail Rate
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Previous MethodologyPrevious Methodology

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
row

1 IRP $/MWh Revenue Requirement 8.78$         9.30$         11.03$       12.18$       13.91$       15.78$       16.28$       17.43$       19.93$       22.15$       22.41$       

2 Year on Year Increase $/MWh 0.51$         1.73$         1.15$         1.73$         1.87$         0.50$         1.14$         2.50$         2.23$         0.26$         

3 CY 2001 Actual Average Retail Rate 48.97$       48.97$       48.97$       48.97$       48.97$       48.97$       48.97$       48.97$       48.97$       48.97$       

4 Annual Increase over CY 2001 Retail Rates 1.1% 3.5% 2.3% 3.5% 3.8% 1.0% 2.3% 5.1% 4.5% 0.5%

5 Cumulative Increase over CY 2001 Retail Rates 1.1% 4.6% 6.9% 10.5% 14.3% 15.3% 17.6% 22.8% 27.3% 27.8%

Example Calculation of IRP Annual Increase as a Percent of CY 2001 Retail Rates
Using the  Diversified Portfolio I

Note: 2003 IRP (pg 117) – Chapter 7, Table 7.7 IRP Annual Increase Calculation Example
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Previous MethodologyPrevious Methodology

» Year on year increase includes impact of inflation on operating 
costs (fuel and variable costs) of existing resources as well as
costs associated with adding new resources and new 
transmission

» IRP revenue requirement only compares portfolios of new 
additions and does not include costs which would be the same 
for each portfolio (existing distribution, transmission, general
plant and operating costs, fixed costs of existing generation 
assets)

» Only relevant when comparing one IRP portfolio against another

» IRP revenue requirement is only a portion of the total Company 
revenue requirement impact
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Comments on the 2003 IRP MethodComments on the 2003 IRP Method

» Show the “full” impact
• Does this mean costs already in rates in addition to new 

generation?  

• How does this differ from previous methodology?

» By Customer Class
• In order to get to customer class you need jurisdictional allocation 

• Perhaps one of the most complex and laborious types of analysis 
PacifiCorp performs – Multi-State Process (MSP)

• The IRP is not the vehicle for this type of analysis
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Customer Impact and IRP processCustomer Impact and IRP process

» The purpose of the IRP is to determine the least-cost, lowest risk 
portfolio of new resource options to meet the future needs of our 
customers

» The IRP does not address the issue of cost allocation – this is a 
regulatory issue
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SummarySummary

» Customer impact analysis is very complex

» The previous analysis was appropriate given our limitations

» Does the customer impact analysis belong in the IRP?



DSM Analysis DSM Analysis 

Mike Koszalka
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Class 1 DSM ModelingClass 1 DSM Modeling

» Treat Class 1 as peaking resources
• Limited operating hours, months, seasons

» Cool Keeper and ID Irrigation Load Control are in the existing 
resource mix.

» New Class 1 resources are applied to portfolios with the 
potential to defer supply side resources. 
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Class 2 DSM Planning DecrementsClass 2 DSM Planning Decrements

» To determine value only, not to develop the target.

» Approximate the range of shapes of various DSM opportunities

» Establish values for Class 2 DSM to be used in cost 
effectiveness evaluations

» Objective to obtain resources to defer supply side units in the 
next IRP. 
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Class 2 DSM Planning DecrementsClass 2 DSM Planning Decrements

East or West System 
Load

East load shape 
(approx. 60% load 

factor)

West load shape 
(approx. 60% load 

factor)

100 MW

Commercial Lighting40%40%100 MW

Commercial Cooling20%20%100 MW

Residential Cooling10%10%100 MW

End-Use Hourly Load 
Shape

West System Load 
Center

East System Load 
Center

Decrement Size



Next StepsNext Steps

Melissa Seymour
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Next StepsNext Steps

» Public Input Meetings
• November 10th

• December 9th

» Next IRP Public Input Meeting:
• Review results of Stress Analysis

• Discuss Action Plan & Path Analysis

• Discuss draft IRP document



PacifiCorp  2004 IRP Portfolio Table IRP Public Input Meeting
September 30, 2004

CANDIDATE PORTFOLIOS

Portfolio Unit Type Region

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
A: Reference 2808
East Brownfield Coal Utah-S 575 575 575

Greenfield IGCC WY 368 368 368
Dry Cool CCCT w/ DF Utah-S 525 525 525
Wet Cool CCCT w/ DF Utah-N 560 560 560

West Dry Cool CCCT w/ DF WMAIN 586 586 586
IC Aero SCCT WMAIN 194 194 194

B: Remove Utah PC, Replace w/ Gas 2758
East Greenfield IGCC WY 368 368 368

Dry Cool CCCT w/ DF Utah-S 525 525 1050 1050
Wet Cool CCCT w/ DF Utah-N 560 560 560

West Dry Cool CCCT w/ DF WMAIN 586 586 586
IC Aero SCCT WMAIN 194 194 194

C: Replace FY2009 CCCT with IC Aeros 2805
East Brownfield Coal Utah-S 575 575 575

Greenfield IGCC WY 368 368 368
Wet Cool CCCT w/ DF Utah-N 560 560 560
IC Aero SCCT Utah-N 522 522 522

West Dry Cool CCCT w/ DF WMAIN 586 586 586
IC Aero SCCT WMAIN 194 194 194

D: Defer Utah PC, Replace w/ WC-CCCT 2808
East Brownfield Coal Utah-S 575 575 575

Greenfield IGCC WY 368 368 368
Dry Cool CCCT w/ DF Utah-S 525 525 525
Wet Cool CCCT w/ DF Utah-N 560 560 560

West Dry Cool CCCT w/ DF WMAIN 586 586 586
IC Aero SCCT WMAIN 194 194 194

E: Replace IGCC w/ PC Coal 2823
East Brownfield Coal Utah-S 575 575 575

Brownfield Coal WY 383 383 383
Dry Cool CCCT w/ DF Utah-S 525 525 525
Wet Cool CCCT w/ DF Utah-N 560 560 560

West Dry Cool CCCT w/ DF WMAIN 586 586 586
IC Aero SCCT WMAIN 194 194 194

F: RMATS Scenario 2616
East Brownfield Coal Wyoming 383 383 383

Greenfield IGCC Utah-N 368 368 368
Dry Cool CCCT w/ DF Utah-S 525 525 525
Wet Cool CCCT w/ DF Utah-N 560 560 560

West Dry Cool CCCT w/ DF WMAIN 586 586 586
IC Aero SCCT WMAIN 194 194 194

G: Build on East Side versus West Side 2788
East Brownfield Coal Utah-S 575 575 575

Greenfield IGCC WY 368 368 368
Dry Cool CCCT w/ DF Utah-S 525 525 525
Wet Cool CCCT w/ DF Utah-N 560 560 560
IC Aero SCCT Utah-N 174 174 174

West Dry Cool CCCT w/ DF WMAIN 586 586 586
H: Replace FY2014 CCCT with Compressed Air Energy Storage 2571
East Brownfield Coal Utah-S 575 575 575

Greenfield IGCC WY 368 368 368
Dry Cool CCCT w/ DF Utah-S 525 525 525
Compressed Air ES WY 323 323 323

West Dry Cool CCCT w/ DF WMAIN 586 586 586
IC Aero SCCT WMAIN 194 194 194

I: Replace FY2014 CCCT with Hydro Pumped Hydro 2648
East Brownfield Coal Utah-S 575 575 575

Greenfield IGCC WY 368 368 368
Dry Cool CCCT w/ DF Utah-S 525 525 525
Pumped Hydro Utah-N 400 400 400

West Dry Cool CCCT w/ DF WMAIN 586 586 586
IC Aero SCCT WMAIN 194 194 194

J: Portfolio B, with Wyoming PC Replacing IGCC 2773
East Greenfield Coal WY 383 383 383

Dry Cool CCCT w/ DF Utah-S 525 525 1050 1050
Wet Cool CCCT w/ DF Utah-N 560 560 560

West Dry Cool CCCT w/ DF WMAIN (ISO) 586 586 586
IC Aero SCCT WMAIN (ISO) 194 194 194

Total 
MWs

Portfolio 
Total PM 

MW's



PacifiCorp  2004 IRP Portfolio Table IRP Public Input Meeting
September 30, 2004

Portfolio Unit Type Region

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Total 
MWs

Portfolio 
Total PM 

MW's
K: Portfolio C, with Wyoming PC Replacing IGCC 2820
East Brownfield Coal Utah-S 575 575 575

Greenfield Coal WY 383 383 383
Wet Cool CCCT w/ DF Utah-N 560 560 560
IC Aero SCCT Utah-N 522 522 522

West Dry Cool CCCT w/ DF WMAIN (ISO) 586 586 586
IC Aero SCCT WMAIN (ISO) 194 194 194

L: Portfolio D, with Wyoming PC Replacing IGCC 2823
East Brownfield Coal Utah-S 575 575 575

Greenfield Coal WY 383 383 383
Dry Cool CCCT w/ DF Utah-S 525 525 525
Wet Cool CCCT w/ DF Utah-N 560 560 560

West Dry Cool CCCT w/ DF WMAIN (ISO) 586 586 586
IC Aero SCCT WMAIN (ISO) 194 194 194

M: All Gas with CCCTs 2950
East Dry Cool CCCT w/ DF Utah-S 525 525 1050 1050

Wet Cool CCCT w/ DF Utah-N 560 560 1120 1120
West Dry Cool CCCT w/ DF WMAIN (ISO) 586 586 586

IC Aero SCCT WMAIN (ISO) 194 194 194
N: All Gas with IC Aeros 2947
East Dry Cool CCCT w/ DF Utah-S 525 525 525

Wet Cool CCCT w/ DF Utah-N 560 560 1120 1120
IC Aero SCCT Utah-N 522 522 522

West Dry Cool CCCT w/ DF WMAIN (ISO) 586 586 586
IC Aero SCCT WMAIN (ISO) 194 194 194

O: Utah and Wyoming IGCC 2775
East Greenfield IGCC Utah-S 368 368 368

Greenfield IGCC WY 368 368 368
IC Aero SCCT Utah-N 174 174 174
Dry Cool CCCT w/ DF Utah-S 525 525 525
Wet Cool CCCT w/ DF Utah-N 560 560 560

West Dry Cool CCCT w/ DF WMAIN 586 586 586
IC Aero SCCT WMAIN 194 194 194

P: CEM-Selected Portfolio 2763
East Brownfield Coal Utah-S 575 575 575

Dry Cool CCCT w/ DF Utah-S 525 525 1050 1050
IC Aero SCCT Utah-N 261 261 261

West Dry Cool CCCT w/ DF WMAIN (ISO) 586 586 586
IC Aero SCCT WMAIN (ISO) 97 97 97 291 291

STRESS CASE PORTFOLIOS

18% PM 3156
East Brownfield Coal Utah-S 575 575 575

Greenfield IGCC Utah-N 368 368 368
Dry Cool CCCT w/ DF Utah-S 525 525 525
Wet Cool CCCT w/ DF Utah-N 560 560 560
IC Aero SCCT Utah-N 174 174 348 348

West Dry Cool CCCT w/ DF WMAIN 586 586 586
IC Aero SCCT WMAIN 194 194 194

12% PM 2447
East Brownfield Coal Utah-S 575 575 575

Greenfield IGCC WY 368 368 368
Wet Cool CCCT w/ DF Utah-N 560 560 560
IC Aero SCCT Utah-N 87 87 87 261 261

West Dry Cool CCCT w/ DF WMAIN 586 586 586
IC Aero SCCT WMAIN 97 97 97

No Front Office Transactions 4444
East Brownfield Coal Utah-S 575 575 575

Greenfield IGCC WY 368 368 368
Dry Cool CCCT w/ DF Utah-S 525 1050 1575 1575
Wet Cool CCCT w/ DF Utah-N 560 560 560

West Dry Cool CCCT w/ DF WMAIN 586 586 1172 1172
IC Aero SCCT WMAIN 194 194 194


