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Objectives

• Define an optimal learning algorithm to deal 
with renewable energies uncertainty

– Calculate bounds on the profit risk linked to 
forecast errors

– Estimate learning speed

• Evaluate the incentives for energy providers to 
enter into a coalition in a learning context



Agents overview



Our model is based on a Stackelberg
Game
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Customers optimization program

DR costConsumption cost



Service providers optimization 
program 1/2

1 the revenues from the retail market

2 the costs of energy booking towards 
producers

3 a cost related to energy shortage if the 
energy provided by renewable producers 
is not sufficient to satisfy the demand of 
si customers



Service providers optimization 
program 2/2



Energy producers optimization 
program

1 the revenues of energy bookings

2 a cost related to energy shortage if the 
energy provided to each si is lower than its 
previous booking

• The profit of energy producer ek at each time period 
is the sum of two components:



Learning Game Description

Only service providers must forecast energy 
demand and energy production to optimize 
their profit



Optimal learning strategies

A Hannan consistent learning strategy exists 
for each provider si.



External regret Learning Algorithm

The external regret learning algorithm is a Hannan consistent 
forecasting strategy for si.



Coalition learning strategy

• A coalition of providers is a group of providers who 
collaborate to learn the hidden energy productions. 
They align their predictions on a common value.

• Independent learning payoff

• Coalition learning payoff

 time independent



Results : convergence time

• Convergence times are smaller
– For the grand coalition than under distributed learning 
– Under internal regret minimization than under external regret 

minimization

30 = not converged



Results : Will a grand coalition 
emerge? 

• A grand coalition has 85% (resp. 98:5%) of 
chances to emerge under external (resp. 
internal) regret minimization



Conclusion

• Summary
– We have used random individual sequences which do not 

require an a priori probabilistic structure.
– Only energy service providers must forecast energy demands 

and productions.
– They can decrease their average profit risk by sharing 

information and aligning their forecasts.
• They often have individual incentives to do so.
• It speeds up the market convergence.

• Ideas to be explored
– Exogenous prices
– Non captive consumers
– Add transport costs and constraints
– Use energy shortage costs to reach an energy mix target


