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Oman 2004 Restructuring, Resource Planning

Vietnam 2003 Financial Planning, Tariff Design

Moldova 2000/01 Integrated Resource Planning

Laos 1998 Nam Theun 2, Benefits & Costs 

Micronesia 1997 Retail Rate Design

Panama 1994 Water System Load Forecast

El S l d 1989 1992 L d F t d R t D iEl Salvador 1989, 1992 Load Forecast and Rate Design
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Integrated Resource PlanningIntegrated Resource Planning
Integrated Resource Planning, Overview

GoalsGoals

Limits

Resource Planning under various industry structures

Methodology
The demand side
The supply side
Portfolio analysis
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Integrated Resource PlanningIntegrated Resource Planning
Resource Planning, Process Goals

Minimize system cost, or plan to reliability criteria

Bring structure to decision making process

Expose logical inconsistencies

Test sensitivities
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Integrated Resource PlanningIntegrated Resource Planning
Resource Planning, Results Goals

Power System
Least cost
Reliability
Minimize Financial Risk
S l /F l di itSupply/Fuel diversity
Increase Flexibility

Social Benefits
EnvironmentalismEnvironmentalism
Energy Security or Independence

Development & Social Benefits
Technology/expertise transferTechnology/expertise transfer
Rural electrification
Local employment
Use of local resources
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Integrated Resource PlanningIntegrated Resource Planning
Resource Planning, Limits

Not a substitute for management strategy or public 
policy

C d l i i iCannot adequately capture noneconomic criteria

Energy security

Energy independence

Diversity of supply portfolio**Diversity of supply portfolio**

Market transformation
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Integrated Resource PlanningIntegrated Resource Planning
Resource Planning, Industry Structure
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Integrated Resource PlanningIntegrated Resource Planning
Resource Planning, Regulated Monopoly
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Integrated Resource PlanningIntegrated Resource Planning
Resource Planning, Purchasing Agent
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Integrated Resource PlanningIntegrated Resource Planning
Resource Planning, Wholesale Competition

IP P
D is tr ib u t io n C u s to m e r

T r a n s m is s io n  W ir e s

IP P

D is tr ib u t io n C u s to m e r

W h o le s a le  M a r k e t

IP P

D is tr ib u t io n C u s to m e r

IP P

IP P

D is tr ib u t io n

9

IP P D is tr ib u t io n C u s to m e r



Integrated Resource PlanningIntegrated Resource Planning
Resource Planning, Retail Competition
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Integrated Resource PlanningIntegrated Resource Planning
Resource Planning, Regulated Monopoly

Most common structure for IRP

Collaborative process between the utility, industry 
regulators, government and other stakeholders

Likely to contribute to improving public acceptance
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Integrated Resource PlanningIntegrated Resource Planning
Resource Planning, Purchasing Agent

More difficult because costs and benefits occur with 
different entities

Success depends on close collaboration between entities

Regulator faces a more complex situation since distinctlyRegulator faces a more complex situation since distinctly 
different entities must be monitored

fElements of IRP likely to become more decentralized and 
business oriented
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Integrated Resource PlanningIntegrated Resource Planning
Resource Planning, Competition

More focus on energy commodity price forecasting, risk 
assessment, risk management

Results from the planning process are often proprietary

Separate and understand the business-driven functionsSeparate and understand the business-driven functions 
and public policy driven functions of integrated planning

May still be used to specify main guidelines for energyMay still be used to specify main guidelines for energy 
policy and consider longer term aspects of supply, 
diversification, fuel substitution, conservation and 
environmental issues
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Integrated Resource Planning
Resource Planning Methodology The Demand SideResource Planning Methodology, The Demand Side

Load Forecasting TechniquesLoad Forecasting Techniques

Judgmental

Time Series Analysis

Trend or Ratio AnalysisTrend or Ratio Analysis

Econometric Analysis

End-Use Forecasting
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Integrated Resource Planning
Resource Planning Methodology The Demand SideResource Planning Methodology, The Demand Side

Forecast Methodology Options
Judgmental

Best when clear consensus or authority exists
Best when trends are regular and predictable
Lacks detail and documentation supporting assumptions

Time-Series AnalysisTime-Series Analysis
Mathematical extrapolation of historical patterns
Poor at capturing turning points
Used mainly for short-term analysis

Ratio or Trend Analysis
Low cost and data requirements
Useful for reality checks
May be too simplistic for complex applications

Econometric
Equations used to specify important determinants of demandquat o s used to spec y po ta t dete a ts o de a d
Significant theoretical and practical background research
May require substantial data
Requires software and analytical expertise 

End-Use/Engineering
C d d t il d t t
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Can produce detailed outputs
Substantial data requirements and cost
Does not include behavioral



Integrated Resource Planning
Resource Planning Methodology The Demand SideResource Planning Methodology, The Demand Side

EconometricEconometric

Equations used to specify important determinants 

of demandof demand

Significant theoretical and practical background 

research

May require substantial data

Requires software and analytical expertise 
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Integrated Resource Planning
Resource Planning Methodology The Demand SideResource Planning Methodology, The Demand Side

Demand Function for Electric EnergyDemand Function for Electric Energy
Q = f ( Y, Pe, Po, AS, W, T, X)
where:

Q = Quantity of Energy consumed
Y = Income
Pe = Price of Electric Energy
Po = Price of substitute energy sources
AS Appliance stocksAS = Appliance stocks
W = Weather
T = Trends or Tastes

17

T = Trends or Tastes
X = Miscellaneous



Integrated Resource Planning
Resource Planning Methodology The Demand SideResource Planning Methodology, The Demand Side

Difficulties with Estimating Parameters Difficulties with Estimating Parameters 

Structural Changes in Economy or Power Sector

Sh  Ti  S i  f A il bl  DShort Time Series of Available Data

Solutions

Simplified Specification of Demand Equation

Parameters Substituted from Energy Economics 

Literature 
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Integrated Resource Planning
Resource Planning Methodology The Demand SideResource Planning Methodology, The Demand Side

El ti it  M d lElasticity Model

Elasticity = (% Change in Quantity ÷ % Change in 

Price or Income)

% Δ Q = ( % Δ P * Ep) + ( % Δ Y * Ey)p y
where: Q = Quantity consumed

P = Price of electricityf y

E = Elasticity (price or income)

Y = Income (GDP)
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Y = Income (GDP)



Integrated Resource Planning
Resource Planning Methodology The Demand SideResource Planning Methodology, The Demand Side

Logarithmic Partial Adjustment ModelLogarithmic Partial Adjustment Model

Accounts for Time Lags

Estimates Constant ElasticitiesEstimates Constant Elasticities

Model Specification Model Specification 
ln Qt = ( Ey * ln Yt) + (Ep * ln Pet) + ( a * ln Qt-1)

where: ln   = natural logarithm
t    = time period t
t-1 = previous time period
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t 1  previous time period
a    = adjustment parameter



Integrated Resource Planning
Resource Planning Methodology The Demand SideResource Planning Methodology, The Demand Side

Elasticities
Based on literature search of energy economics literature

Adjustments made to agree for comparable situations and future 

outlook

AdjustmentPrice Elasticity Income Elasticity
Short Run Long Run Short Run Long Run Coefficient

Residential -0.20 -0.50 0.24 0.60 0.40
Industrial -0.16 -0.40 0.36 0.90 0.57
Agricultural -0.16 -0.40 0.36 0.90 0.57
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Other -0.20 -0.50 0.24 0.60 0.40



Integrated Resource PlanningIntegrated Resource Planning
Resource Planning Methodology, The Supply Side
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Integrated Resource PlanningIntegrated Resource Planning
Resource Planning, Supply Side Inputs

Existing Resources
Capacity
H t R tHeat Rate
Maintenance Outage Rate
Forced Outage Rate
F l C ( i bl )Fuel Cost (variable or contract)
Variable Operation and Maintenance
Fixed Operation and Maintenance
Must Run Status
Operating Life
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Integrated Resource PlanningIntegrated Resource Planning
Resource Planning, Supply Side Inputs

New Resources
Capacity
Heat Rate
Maintenance Outage Rate
F d O t R tForced Outage Rate
Fuel Cost (variable or contract)
Variable Operation and Maintenance
Fixed Operation and MaintenanceFixed Operation and Maintenance
Must Run Status
Operating Life

Weighted Cost of Capital (calculated)
Interest during construction and during operation
Construction timing and schedule
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Integrated Resource PlanningIntegrated Resource Planning
Resource Planning, Supply Side Inputs

Contracts

CapacityCapacity

Variable cost

Fixed Cost

C t t TContract Term
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Integrated Resource PlanningIntegrated Resource Planning
Resource Planning, Supply Side Summary
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Integrated Resource PlanningIntegrated Resource Planning
Resource Planning, Supply Side Summary
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Integrated Resource PlanningIntegrated Resource Planning
Resource Planning, Supply Side Summary
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Integrated Resource PlanningIntegrated Resource Planning
Resource Planning, The Supply Side, Real World Results
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Integrated Resource PlanningIntegrated Resource Planning
Resource Planning, Portfolio Analysis
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Integrated Resource PlanningIntegrated Resource Planning
Resource Planning, Portfolio Analysis
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Integrated Resource PlanningIntegrated Resource Planning
Resource Planning, Portfolio Analysis
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Integrated Resource PlanningIntegrated Resource Planning
Resource Planning, Portfolio Analysis
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Integrated Resource PlanningIntegrated Resource Planning
Resource Planning, Portfolio Analysis
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Integrated Resource PlanningIntegrated Resource Planning
Resource Planning, Portfolio Analysis

Alternative PlansAlternative PlansAlternative PlansAlternative Plans

Increasinng R
isk

35
Increasing Cost



Integrated Resource PlanningIntegrated Resource Planning
Resource Planning, Portfolio Analysis

Space of feasible solutions

Increasingg R
isk

Alternative Alternative 
Ri k L lRi k L lRisk LevelsRisk Levels
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Integrated Resource PlanningIntegrated Resource Planning
Resource Planning, Portfolio Analysis
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