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Need for Capacity Planning
• Traditional need: Resource 

Adequacy/Generation Reliability
– Looks at Loss of Load Expectation (LOLE) due to 

generation resource availability
• Economic Transmission Planning Need: 

Reasonable dispatchable energy
– Used for long term high-voltage transmission 

development
• Can take up to 15-20 years to build, a methodology is 

required to populate the power flow and hourly security 
constrained economic dispatch models with a “reasonable”
assumption for future generation types, timing and locations.
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Need for Capacity Planning
Reserve Margins
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Need for Capacity Planning
• Traditional power flow modeling requires only 

enough resources to meet load and losses
– Local generation
– Purchases from external areas

• Economic models require the additional capacity 
for economic dispatch
– Using only enough generation to meet load and 

losses does not allow re-dispatch for constraint 
mitigation 

– It also does not truly represent that there are 
generation reliability requirements that will insure 
additional capacity to be available for re-dispatch
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Need for Capacity Planning
• Is this a traditional IRP plan?

– No, it is a Regional Resource Forecast (RRF)

• What is its use?
– Higher level planning

– Used for long term high-voltage transmission 
development

• Can take up to 15-20 years to build, a methodology is 
required to populate the power flow and hourly security 
constrained economic dispatch models with a “reasonable”
assumption for future generation types, timing and locations. 
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Need for Capacity Planning

• Industry article: “Regional Resource Planning Makes Sense”

• http://www.energypulse.net/centers/article/article_display.cfm?a_id=1416

IRP

• Company

• Resource 
Adequacy/Reliability

• Results in Specific 
Capacity Build

•Very Detailed/Micro Level

RRF

• Region

• Economic Transmission 
Planning

• Results in Robust 
Economic Transmission 
Plans

•Macro Level
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Resource Planning Model

• EGEAS (EPRI product)
– Primary Purpose – Find the optimum (least-

cost) integrated resource plan for meeting 
demand by expanding supply-side and 
demand-side resources

– Costs include capital investment as well as 
production
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Resource Planning Model
• EGEAS model has a 4 different methods of analysis

– Generalized Bender’s Decomposition - a non-linear technique 
based on an iterative interaction between a linear master 
problem and a non-linear probabilistic production costing sub 
problem

– Dynamic Program (DP) - based on the enumeration of a ll 
possible resource additions

– Screening Curve Option - Produces {Cost by Capacity Factor} 
Results for Evaluating Large Numbers of Alternatives

– Pre-specified Pathway Option - Provides More Detailed Analysis 
of a Plan than is Computationally Feasible Within an 
Optimization. Also Allows User Defined Plans to be Analyzed
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Resource Planning Model
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EPRI Dynamic Programming Example
PC = Production Cost

FIX = Fixed Cost for New Units

CC = Committed cost for current-year state

CCX = Committed cost for previous-year state

PC   586
FIX  445
CCX       
CC  1032

PC   580
FIX  557
CCX       
CC  1137

PC   597
FIX  310
CCX 1031      
CC  1938

PC   536
FIX 1126 
CCX 1031      
CC  2693

PC   541
FIX 1023
CCX 1031     
CC  2595

PC  6447
FIX  948
CCX 2595  
CC  9990

PC  6393
FIX 1044
CCX 2595  
CC 10032

PC  7164
FIX  191
CCX 2595  
CC  9950

PC  7105
FIX  287
CCX 2595
CC  9987

PC  7933
FIX  191
CCX 1938  
CC 10063

Year 1 Year 2 Year 3
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Resource Planning Model
• Objective Functions

– Present Value of Revenue Requirements
• Production costs

– Fuel

– Emissions

– Purchases and sales

• Capital investment costs
• Unserved Energy Costs

– System Levelized Average Rate
• System costs (above)/System Sales
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Resource Planning Model
• Optimization Constraints Utilized

– Reliability
• Reserve Margin - maximum or minimum
• Unmet Energy - maximum
• Loss-of-Load Probability - maximum

– Economic
• Low Earnings Asset Ratio
• Low Interest Coverage Ratios
• Large Increase in System Average Rate

– Tunneling 
• Used to Specify the Upper and Lower Limits of the A nnual and/or 

Cumulative Number of Resource Additions Available f or Consideration
– Environmental

• Optimize to a Pollutant Cap Level
• Incorporate System, Site or Unit Limits

– Limited Fuel
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Modeling of Resources
• Values expressed in 2008 Dollars
• De-Commissioning Costs not Modeled
• Fixed O&M has fuel reservation capacity charge for:

– CC $20/kW
– CT $5/kW

• No transmission connection charges
• Other types of units can be seen within the Assumptions to the EIA Annual Energy Outlook

3.2546738,6133.0141.611,683800CC/Seq
5.9250069,7134.5546.643,031760IGCC/Seq
5.9250068,3092.9839.6221181100IGCC

25.0015.911,7131000Wind**
2.007101110,4000.5169.572,9281200Nuclear
5.34401210,8423.6617.725971200CT
3.2546737,1962.1134.018571200CC
5.9250068,8444.7028.2218331200Coal

%HoursYearsBtu/kWh$/MWh$/kW-Yr$/kWMW

FORMaintLead TimeHeat RateVariable O&MFixed O&M
Overnight

Const. Cost*
SizeType

* Overnight Construction costs represent 2007 Assumptions to the EIA Annual Energy 
Outlook + 30%

** Wind along with Hydro would also require energy limitations modeled with resource
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2007 EIA Assumptions to the Annual Energy Outlook
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Modeling of Resources
Costs in $/MWh Comparison
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Capacity Screening Chart:
What we would expect to see 
selected from the model
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Assumptions to Models

• Static Variables

– Once defined, the values do not change 
from future to future (scenario to scenario)

• Uncertainty Variable

– The values can change from future to 
future, and reflect the definition of a future 
being modeled
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Assumptions to Models
• Study Period

• Area Definitions

• Demand & Energy

• Generation Resources

• RPS Mandates

• Generation Retirements

• Existing Generation Data

– Fixed Cost

– Variable Cost

– Unit Maintenance

– Forced Outage Rate

• Must Run Status

• Firm Interchange

• Financial Variables

• Reserve Margins

• Generator Alternative Data

– Cost and Operating data

– Book and Operating Life

– Expenditure Schedule

– Alternative Emission Rates

• Demand & Energy

• Fuel Prices

• Environmental Allowance Costs

• Demand Response

Static Variable Uncertainty Variable
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Impacts of Assumptions
Most Economic Prototypes
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Impacts of Assumptions
Most Economic Prototypes
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Impacts of Assumptions
Lower Natural Gas Costs

Most Economic Prototypes
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Impacts of Assumptions
Lower IGCC Capital Costs

Most Economic Prototypes
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Impacts of Assumptions
$25/ton Carbon Tax

Most Economic Prototypes
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Siting of Capacity

• Difference between ISO and local utility
– Economies of scale (benefit of pooling 

resources)
– Specific versus generic
– Market sensitivities keep utilities from 

expressing where they will put a unit before 
ready to commit
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General Siting Methodology
• Transmission is not an initial siting factor, but may be used as a 

weighting factor all things being equal

• Site by region with the exception of wind 

• “Share the Pain” mentality.  Not all generation in a region can be 
placed in one state and one state cannot be excluded from having
generation sited

• Avoid Greenfield Sites for gas units (CTs & CCs) if possible - prefer 
to use all Brownfield sites

• Site base load units in 600 MW increments, & Nuclear at 1,200 MW

• Limit the total amount of expansion to an existing site to no more 
than an additional 2,400 MW

• Restrict greenfield sites to a total size of 2,400 MW

• Limit using Queue generation in multiple futures
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Future Specific Philosophy for Siting

• Reference & 20% Wind Future
– Use all Non IA Queue and Brownfield sites if possible

• Limited Investment Future
– Prefer Queue or Brownfield before Greenfield

– Prefer sites close to cities

• Environmental Future
– Queue or Brownfield early, then greenfield if necessary
– Use Brownfield sites not used in Reference, 20% or Limited 

Investment Future before Greenfield if available

– Can Re-use Queue sites used in Reference/20% future if the 
Queue site is at a greenfield location
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Generation Site Selection Priority Order

• Priority 1:  Generators with a “Future” Status 
– Queue Generators without a Signed IA
– Global Energy’s “New Entrants” Generators – Will be referred to as “EV” Gens

– Both Queue and EV Gens are under the following status:
• Permitted
• Feasibility
• Proposed

• Priority 2:  Brownfield sites (Coal, CT, CC, Nuclear Methodology)
• Priority 3: Retired/Mothballed sites which have not been re-used
• Priority 4: Greenfield Sites

– Queue & “New Entrants” in Canceled or Postponed Status
• Priority 5: Greenfield Sites

– Greenfield Siting Methodology
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Midwest ISO - using Ventyx, Velocity Suite © 2008

Siting Priority 1: Queue Generators
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Midwest ISO - using Ventyx, Velocity Suite © 2008

Siting Priority 1: New Entrants
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Siting Priority 2: Brownfield Siting “Guidelines”

• Queue Generators
– Treat the same as “Brownfield” sites when expanding

• Coal
– Only consider Existing/Planned sites that are greater than 200 MW
– Only consider sites outside the 25 mi buffer of a major urban area

• CC
– Use 200MW sites built since 2000 

• Only to limit the amount of potential brown field sites

• CT 
– Use 100MW sites built since 1990

• only to limit the amount of potential brown field sites
– Prefer sites Near Urban Areas in Limited Investment Case

• Nuclear 
– Can expand an existing site twice - 1200 MW intervals

• Wind
– Emerging Technology - Will use Queue Generation, DOE study, NREL staff for 

siting
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Midwest ISO - using Ventyx, Velocity Suite © 2008

Siting Priority 2: Brownfield Coal
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Midwest ISO - using Ventyx, Velocity Suite © 2008

Siting Priority 2: Brownfield CC



31

Midwest ISO - using Ventyx, Velocity Suite © 2008

Siting Priority 2: Brownfield CT
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Midwest ISO - using Ventyx, Velocity Suite © 2008

Siting Priority 2: Brownfield Nuclear
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Midwest ISO - using Ventyx, Velocity Suite © 2008

Siting Priority 3: Retired/Mothballed Sites
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Midwest ISO - using Ventyx, Velocity Suite © 2008

Siting Priority 4: Greenfield Sites-MISO Queue Suspended
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Midwest ISO - using Ventyx, Velocity Suite © 2008

Siting Priority 4 - Greenfield Sites “New Entrants”
Canceled/Postponed
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Greenfield Siting Criteria: Coal and IGCC

• Required Criteria “Must Haves”:

– Within 1 mile of railroad or navigable waterway
– Within 1/2 mile of a major river or lake
– Outside 20 mile buffer of Class I lands

– Outside air quality non attainment region
– Outside 25 mile buffer surrounding an major urban area (a population greater 

than 50,000 and an area larger than 25 mi2)

• Optional Criteria “Like to Haves”:
– Within 20 miles of coal mine or Dock capable of producing more than 2 million 

tons per year
– Access to gas pipeline
– Multiple railroad lines 

– MN and WI prefers to build for minimum coal need
– IL, IN, ND, SD, KY want to build coal
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Greenfield Siting Criteria: CC
• Required Criteria “Must Haves”: 

– Within 1 mile of railroad or navigable 
waterway

– Within 2 miles of a major river or a lake
– Within 10 miles of a gas pipeline
– Outside 20 mile buffer of Class I lands

• Optional Criteria “Like to Haves”:
– Close to Urban Area (Within 25 mile buffer)
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Greenfield Siting Criteria: CT
• Required Criteria “Must Haves”:

– Within 20 miles of railroad or navigable 
waterway

– Within 5 miles of a gas pipeline 
– Outside 20 mile buffer of Class I lands

• Optional Criteria “Like to Haves”: 
– Within 1 mile of river or navigable waterway
– Within 2 miles of a major river or a lake
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Greenfield Siting Criteria: Wind
• Required Criteria “Must Haves”:

– Follow 80/20 rule:  80% of wind sited in areas of 
Class 3 wind speed or greater and 20% can be sited 
at Class 2 or greater at 50 meters, and no sites in 
areas less than class 2

– Outside 10 mile buffer of Class I lands
– Outside 25 mile buffer surrounding an major urban 

area 

• Optional Criteria “Like to Haves”: 
– Within 20 miles of railroad or navigable waterway
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Greenfield Siting Criteria: Nuclear

• Use Existing or Proposed Sites only
• Work with regions to site nuclear

• All States considered
• States with Restrictions on New Nuclear 

Build
– Minnesota
– Wisconsin
– Kentucky
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Midwest ISO - using Ventyx, Velocity Suite © 2008

Siting Priority 5: Coal Greenfield Sites
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Midwest ISO - using Ventyx, Velocity Suite © 2008

Siting Priority 5: CC Greenfield Sites
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Midwest ISO - using Ventyx, Velocity Suite © 2008

Siting Priority 5: CT Greenfield Sites
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Pitfalls to Avoid
• Model

– Superfluous units
– State limitations
– Run Time
– Unit modeling limitations
– Knowledge of system

• Retirements
• Future plans not publically announced

• Siting 
– Will inherently be wrong
– Interconnection requirements not identified 

(remember: the goal is economic energy transfer)


