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Economic Dispatch Revisited

 The economic dispatch problem attempts to minimize cost of generation while 

meeting the loads

 Network influence is not considered – only generation and load
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Economic Dispatch Revisited

 Closer look at the optimization problem
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Outline

• Unconstrained optimization

• Equality constraints – Lagrange Multipliers

• Inequality Constraints – Feasible sets

• Quadratic Programming

• Economic Dispatch
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General Optimization Problem

 In general, an optimization problem has the following form:

 Suppose this occurs at       
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Unconstrained Optimization Problem

An unconstrained optimization problem has the goal of finding the 

minimum of a function f(x), that is:

 Matlab:  fminunc(fun, x0)
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First Order Necessary Conditions for Minimum

 Unconstrained optimization problem:

 Why?

 What is the second order condition?
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First Order Necessary Conditions for Minimum

 Unconstrained optimization problem

 More detailed proof:

 What is the second order condition?
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First Order Conditions for Minimum with N variables

 Unconstrained optimization problem

 What is the necessary condition for N variables?

 What is the second order condition?
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Unconstrainted Optimization with Multiple Variables

 Suppose the cost of operating generator 1 is:

and the cost of operating generator 2 is:

 If the two generators are operating in parallel, what is the power of the two 

generators for which the total cost of operation is a minimum? What is this cost?
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Unconstrainted Optimization with Multiple Variables

 Suppose the cost of operating generator 1 is:

and the cost of operating generator 2 is:

 How do we know it is a minimum?
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Contour Lines and the Gradient

 What are contour lines?

Curve/points at which the function has the same value
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Contour Lines and the Gradient

 Relationship to the gradient
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Gradient Descent Algorithm Basics

 What if analytically finding the minimum based on the gradient is complicated?

 Gradient or steepest descent is a common numerical algorithm to find optimal point

o Which direction does the gradient point?

o What about the negative of the gradient?
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Gradient Descent Algorithm

 The gradient points in the direction where the 

function increases the most

 Therefore, we can take a guess (initial point) and 

compute the following:
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Gradient Descent Algorithm Results

 The gradient points in the direction where the 

function increases the most

 Therefore, we can take a guess (initial point) and 

compute the following:
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Summary for Unconstrained Optimization

 For an unconstrained optimization problem

 First order necessary condition for a local min:

 Second order condition:
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Outline

• Unconstrained optimization

• Equality constraints – Lagrange Multipliers

• Inequality Constraints – Feasible sets

• Quadratic Programming

• Economic Dispatch
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Equality Constrained Optimization Problem

 An optimization problem with equality constrains is defined as follows:

 Example:  
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Lagrange Multipliers

 Suppose that we have the following problem

 The first order necessary condition for a minimum occurs when:
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Equality Constrained Opt. Problem Example

 Example:  
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Eq. Constrained Optimization Problem

 Suppose that we have the following problem

 The first order necessary condition for a 

minimum occurs when:

 Why? 
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Equality Constrained Opt. Problem Example

 Example:  
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Optimization Problem with Equality Constraints
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Outline

• Unconstrained optimization

• Equality constraints – Lagrange Multipliers

• Inequality Constraints – Feasible sets

• Quadratic Programming

• Economic Dispatch
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Inequality Constrained Optimization Problem
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Inequality Constrained Optimization Problem
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Inequality Constrained Optimization Problem
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Karush Kuhn Tucker (KKT) Conditions for Optimality
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Inequality Constrained Optimization Problem
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General Optimization Problem Example
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General Optimization Problem Example
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Feasible Set Definition
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Feasible Set Example
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Outline

• Unconstrained optimization

• Equality constraints – Lagrange Multipliers

• Inequality Constraints – Feasible sets

• Quadratic Programming

• Economic Dispatch
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Quadratic Programming Definition

 A quadratic programming problem is a type of optimization problem which 
has a quadratic cost function with linear inequality and linear equality 
constraints
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Quadratic Programming Example

 Write the following problem in QP form:
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Economic Dispatch Example

 Economic Dispatch is to find out, for a single period of time, the output power of every 

generation unit so that demands are satisfied at a minimum costs

 Example formulation #1:
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Example Economic Dispatch
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Example Economic Dispatch
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Example Economic Dispatch v2 with Capacity Constraints
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Example Economic Dispatch v2 with Capacity Constraints
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Example Economic Dispatch v2 with Capacity Constraints
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Next Topics

 Economic Dispatch – Linear Programming

 Optimal Power Flow

 Unit Commitment 


