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Outline

§ The ABCs of Electric Power
§ The Deregulation of the US Electric Power Industry 
§ Opportunities for Mathematical Modeling
§ Robust Modeling of Short-Term Electricity Contracts

Ø Two-Stage Stochastic Linear Programs

Ø Robust Two-Stage Stochastic Linear Programs

– Issues with Using an Arbitrary Variability Measure

– A Special Class of Variability Measures

– Numerical Results

Ø Two-Stage Robust Stochastic Program with Binary First-Stage Variables

– A Branch-and-Cut Approach

– Numerical Results

The goal of this talk is two fold: To introduce the audience to the interesting field of electric power
and to present some results that relate to managing short-term electricity contracts.
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The Supply Chain of Electric Power
Electricity is a secondary energy source as it is generated by converting other sources of 
energy, like coal, natural gas, oil, and nuclear power.

Source: Energy Information Administration http://www.eia.doe.gov
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The US Electricity Market at a Glance
In 2002, the US consumed 3,971 BKWh of the world’s 14,275 BKWh of electric power. For the
same year, Canada produced 549 BKWh, of that 316 BKWh was generated from hydro and 
29 BKWh was exported to the US.

Source: Energy Information Administration http://www.eia.doe.gov
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The Price of Electricity Depends on Who and Where You Are

Source: Energy Information Administration http://www.eia.doe.gov

The average price varies from 4.10 Cents per KWh in the State of Washington to 10.40 Cents in 
New York. The price reached $6 per KWh in 1998 in the Midwest US.
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Electric Power and the Environment
Electric power plants are the 2nd largest user of freshwater in the United States after agriculture. 
Each day the electric power industry withdraws 190 billion gallons of water, 39 percent of all the 
freshwater withdrawals in the nation. 

Source: Energy Information Administration http://www.eia.doe.gov and Office of Fossil Energy http://www.fossil.energy.gov
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A Brief History of Electricity Deregulation

§ Public Utility Regulatory Policies Act of 1978 opened the wholesale market to 
non-utility generators

Ø “Section 210 of PURPA requires electric utilities to interconnect with and buy whatever 
amount of capacity and energy is offered from any facility meeting the criteria for a 
qualifying facility”

§ Energy Policy Act of 1992 authorized FERC to open the transmission systems to 
wholesale suppliers

§ The act of 1994 unbundled generation and transmission

Ø Comparable access refers to the belief that owners of the transmission grid should 
offer third parties access to the grid on the same or comparable basis and under the 
same or comparable terms and conditions as the transmission owner’s use of the 
system.

§ FERC order 889 in 1996 established Open Access Same-Time Information 
System

§ In December 1999, FERC asked all transmission-owning utilities to place their 
transmission systems under the control of Regional Transmission Organization

The competitive parts of the newly restructured systems are generation and retailing, 
while the regulated parts are distribution and transmission.

Source: Energy Information Administration http://www.eia.doe.gov
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Power Trading Requires Tightly Interconnected Systems

Source: North American Electric Reliability Council http://www.nerc.com

In order to maintain the reliability of bulk power operations, electric systems are already 
Interconnected and their operations are governed by NERC
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Opportunities for Mathematical Modeling

§ Long-Term Modeling
Ø Demand forecasting based on population and economic growth
Ø Electricity price trends based on economic and competitive forecasts
Ø Market design using game theory and simulation tools
Ø Contract evaluation and investment assessment – new power lines and plants – in light of 

technological advancements
Ø Modeling fuel contracts and operations, such as reservoirs and natural gas trends

§ Short-Term Modeling
Ø Demand forecasting based on weather
Ø Electricity price forecasting as a function of supply and demand while considering the strategic 

behavior of different players in the market place
Ø Managing the portfolio of power plants and contracts to maximize profit under price uncertainty

§ Frequently Overlooked Problems
Ø Assigning repair personnel and vehicles to maintenance calls
Ø Determining optimal inventory 
Ø Workforce issues such as hiring, training, aging, …
Ø Maintenance scheduling
Ø Emission trading and its relationship to generation
Ø Optimal operation of power plants and early problem detection – statistical quality control

Relevant areas include game theory, mathematical programming, statistics, …
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The Structure of a Short-Term Electricity Contract

§ Determine optimal schedules for the 
generating units

§ Refine the load forecast which may result 
in residual capacity

§ Auction the capacity through a bidding 
process where profit is maximized

ØCost is a function of amount of power 
produced to fulfill the contractual obligations

ØRevenue from a power contract has two 
components

–Capacity which is known at bid time

–Energy which is a function of the true 
consumption

§ Provide a robust solution
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A typical contract has two components: capacity and energy. The price is governed by the type 
of Power.
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A Two-Stage Robust Formulation

§The first stage selects the bids – binary decisions
§The second stage is a multi-period linear model for determining optimal 

generation. It contains all of the generation-related constraints
§The objective is to maximize expected profit while controlling second-

stage variability
§Mathematically, the goal is to

where
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Two-Stage Stochastic Linear Programs

Reference: John R. Birge and Francois Louveaux. Introduction to Stochastic Programming. Springer Verlag, 1997  
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Solving Two-Stage Stochastic Linear Programs
Observe that the second-stage objective is piecewise linear function of the first-stage decision.
Therefore, cutting-plane methods are often used to solve the problem efficiently.

The problem can then be solved iteratively
§ Solve the first-stage problem
§ Solve the (separable) second-stage problems
§ Add a cut to the first-stage problem 
§ Repeat 

Reference: John R. Birge and Francois Louveaux. Introduction to Stochastic Programming. Springer Verlag, 1997  
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Adding a Variability Measure to Control the Second-
Stage Objective May Result in Loss of Optimality
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Adding a Variability Measure to Control the Second-
Stage Objective May Result in Loss of Optimality

Reference: S. Takriti and S. Ahmed. "On Robust Optimization of Two-Stage Systems," Mathematical Programming, vol.99, pp.109-126, 2004 
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Why Do We Lose Optimality?

Reference: S. Takriti and S. Ahmed. "On Robust Optimization of Two-Stage Systems," Mathematical Programming, vol.99, pp.109-126, 2004 
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§When the variability measure is non-decreasing, we can show

§Extend the L-shaped method to solve the problem efficiently
Ø Solve the first-stage problem
Ø Solve the (separable) second-stage problems
Ø Scale the dual multipliers
Ø Add a cut to the first-stage problem 
Ø Repeat 

§An example of such a variability measure is squared cost above target

A Sufficient Condition for Maintaining Second-Stage Optimality 
is to Choose a Non-Decreasing Variability Measure
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An Example with Quadratic Variability Measure – STORM
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An Example with Quadratic Variability Measure – STORM
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An Example with Quadratic Variability Measure – 20TERM
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§Solve the linear relaxation by adding cuts as described before
§Start the branch-and-bound process

Ø If a node is fractional, continue the branch-and-bound process
Ø If a node is integer, add the necessary cut as described before

– If the solution remains integer, then fathom the node
– Otherwise, continue branching

How to Handle the Original Case with Integer First Stage?
Use a branch-and-cut approach where the cuts are generated as discussed before. Additional 
cuts are added at integer nodes.
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A Contract Selection Problem with 100 Bids and 200 
Scenarios
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Thank You – Any Questions?


