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BackgroundBackground 
 P bl f i i l d b d b li [ ] Problems of price‐responsive loads based on baselines [1]
 Information asymmetry between end‐users and operators
 The value of the “baseline” changes over timeg
 The availability and value of the supply also changesover time

 P ibl l ti Possible solution
 Schedule more “certain” supply and demand in a longer time 

scale
 Schedule the difference when the information becomes more 

accurate and closer to the actual consumption
 Customers define their own “baselines” and becomeCustomers define their own  baselines  and become 

responsible for them

3[1] Hung‐po Chao, “Price‐Responsive Demand for a Smart Grid World,” 
The Electricity Journal, 2010, Vol.23, No.1



Overview of adaptive load management
‐‐multi‐temporal aspect
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Overview of adaptive load management
‐‐multi‐layered aspect
 Wh ti ? B ll Why aggregation?  Because small users

 Are usually risk averse
 Cannot participate in the market directly
 Have higher uncertainty in demand quantity

: aggregated demand curve more predictable
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Overview of adaptive load management
‐‐multi‐layered and multi‐temporal aspects
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Values and choices of energy serviceValues and choices of energy service

Every user/customer has different values and 
needs for energy servicegy

minimize (energy cost) + (utility) + (risk)minimize (energy cost) + (utility) + (risk)
subject to (state dynamics)

(state energy cost constraints)(state, energy, cost constraints)
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Balancing demand with the systemBalancing demand with the system

O h t ti i tiOne‐shot optimization
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Examples of balancing with the system
‐‐ Island of Flores, Portugal

One‐shot optimization
Internal temperature 
of the refrigerators
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Balancing demand with the systemBalancing demand with the system

Moving‐horizon optimizationMoving‐horizon optimization
Current time stepCurrent time step
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Examples of balancing with the system
‐‐ Island of Flores, Portugal

Moving‐horizon optimization
Internal temperature 

f h f iof the refrigerators
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ConclusionConclusion
 M lti temporal and m lti la ered optimi ation Multi‐temporal and multi‐layered optimization

 Multi‐temporal aspect
 Contracts based on the best forecast/information of the system and the users 

at different time stepsat different time steps
As the forecast and the information changes, additional contracts in a finer 

time step
Dependent on the risk aversion of the customer

 Multi‐layered aspect
: reducing high uncertainty of small‐users’ demand through 
aggregation

 Balancing with the system
: Information exchange at the right time between demand entities 
d i i l f h i ll i l bland system operator is crucial for a physically implementable 

demand response scheme.
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