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Course topics

• Session 1: Introduction to Power systems
• Context and motivation

• Power flow analysis

• Economic dispatch

• Session 2: Renewable sources
• Stochastic models of variable sources

• Dispatching random sources

• Session 3: Energy dispatch
• Risk-limiting dispatch

• Matlab session
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Course topics

• Session 4: Incentive-based demand response
• Modeling demand 
• Peak time rebates
• Contract design for demand response

• Session 5: Flexible loads
• Modeling flexibility
• Load dispatch
• Case study: Electric vehicles

• Session 6: Micro-grids
• Lean energy concept
• Joint generation and load dispatch
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Incentive-based Demand 
Response
Joint-work with J. Vuelvas (PUJ), K. Poolla and P. Varaiya (UC-Berkeley)
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Demand Side Management

 New paradigm in grid operation

 Active consumers are responsible of grid balance

ICT-based
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Power and Information 
Bi-directional flow

PRO-SUMER



Demand Side Management
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Demand Side Management
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Categories of Demand Side Managment (DSM) (Gellings, 1985).



Incentive-Based Demand Response

Participating agents are paid for diminishing their energy 
consumption

There are three key components of an incentive-based DR program:
1) A baseline

2) A payment scheme

3) Terms and conditions (such as penalties)

Examples:
1) Peak Time Rebates

2) Interruptible Capacity Program

3) Emergency DR
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Incentive-Based Demand Response

BASELINE: an estimation of the power consumption that would have 
been consumed by demand in the absence of DR

It is often based on the average historical consumption of a consumer 
or a customer group on days that are similar to the forthcoming DR 
event.

A counter-factual model is developed to estimate the customer 
baseline.
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Incentive-Based Demand Response

Peak Time Rebate (PTR):

Incentive=(Reduction) x (Reward/KWh)

Reduction= (Baseline)-(Measured consumption)
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Incentive-based Demand REsponse

Peak Time Rebate (PTR) analysis:

How will users behave under this contract?

How will uncertainty in energy requirements affect behavior?

Does PTR guarantee a peak shaving effect? 
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Peak time rebate

Utility function: represents the 
welfare or satisfaction of a 
consumer from consuming a 
certain amount of energy.

Risk-averse user: Concave 
utility function.

Utility saturates after a 
threshold energy level.

12

User model
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Peak time rebate

13

User model
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Peak time rebate

User faces uncertainty in 
energy requirements:

With  a random variable 
with support:

14

User model
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Peak time rebate

• Energy cost:

• User payoff:

• Rational behavior without DR:

• qmax is the maximum allowable consumption (technical limit)
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Peak time rebate

• Estimate  baseline:

• Load reduction:

• Rebate:
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Peak time rebate

The payoff of a user  enrolled in PRT is:

How would a strategic agent behave to maximize his payoff?
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Peak time rebate

Stochastic programming algorithm

Solved backwards in time
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Peak time rebate

Two periods problem:

At time t-1, the SO (or aggregator) “measures” the baseline 
as consumed energy:

At time t, if called for a DR event, consumer decides how 
much energy to reduce with respect to the baseline, in 
exchange for an economic incentive.
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• The consumer faces the problem:

• It is solved backwards in time:

First: 

Then:

Peak time rebate
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Peak time rebate
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Peak time rebate
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Peak time rebate
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Peak time rebate
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Peak time rebate
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Peak time rebate

3/05/2018
F. Ruiz - Control and Optimization in Smart-Grids                     

Politecnico di Torino
26



3/05/2018
F. Ruiz - Control and Optimization in Smart-Grids                     

Politecnico di Torino
27



Incentive-based Demand Response

Conclusions:

For a two periods model results we show that:
A strategic user overconsumes energy at the baseline 

settling period
For an incentive lower than energy price, users shift 

consumption to the baseline settling period
For an incentive higher than energy price, the best consumer 

strategy is to overconsume as much energy as possible at the 
baseline settling period.
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NOVEL DR CONTRACT 

• PTR exhibits gaming issues

• It’s more profitable to over-consume at t-1 than to reduce to maximize benefits

• Gaming opportunities reduce with uncertainty

• New approach: User declared baseline + Uncertainty in service activation

• Contract slides
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Future directions

Research questions:

Consumer model: Up to now users are modeled as rational agents that maximize 
benefits. Rising concerns from behavioral economics.

Reference point: users don’t evaluate net Budget but gains and loses w.r.t. status quo.

Asymmetric value effect: high value for loses – Low value for gains.

Deformed weight  for low or high probability events.

Consumer bandwidth: Incentive-based DR can be employed in real time markets or just day 
(hours) ahead markets? Is a user capable of following commands every xx seconds?
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INCREASED INTEREST IN RECENT YEARS
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