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Paradigm Shift

Operations research more important than ever in energy

Policy changes
Deregulation
Renewable energy integration

Technology changes
Evolution of solvers
Parallel computing
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Electricity Supply Chain

The integrated operation of the electricity supply chain ...
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Deregulation

... has been replaced by a market

Electricity price in Belgium, January 18-25, 2015
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Renewables Making Headlines
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The Duck Chart
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Evolution of Solvers
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Parallel Computing

9 / 13



Operations Research in the Energy Industry

The energy industry is a very active user of OR

Late 1980s: Lagrange relaxation applied in unit
commitment

Early 2000s: adoption of branch-and-bound in unit
commitment, MISO reports $2.1 - $3 billion savings
between 2007 and 2010!

Late 1980s: stochastic dual dynamic programming solves
medium-term hydrothermal scheduling, used in most
hydrothermal systems today to determine water levels and
prices (Brazil, Scandinavia, Turkey, Switzerland)
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Example: PJM Day-Ahead Market Model

Solved by mixed integer linear programming

PJM traded $50.03 billion (!) in 2014
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Learning Outcomes

Explain the architecture of electricity markets

Formulate math programs that describe energy markets
and regulations

Formulate math programs that describe risk management

Implement models using AMPL
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Topics

Mathematical background

Power system operations

Power market operations

Economic dispatch, competitive market equilibrium

The transmission network

Ancillary services

Unit commitment

Financial instruments

Demand response

Capacity expansion
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