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Electricity cannot be stored

☛ Equilibrium 
production/consumption 

Today EDF 
adjusts its 

power 
production to 
the expected 
consumption

Sending 
incentive signals 
(electricity tariff 

variations) 
to influence 
consumption

How to optimize the 
transmission of these 

control signals?

Sustainable Energy System 

Modelling

Results Conclusion and References

Bandit Models Data
“Smart Meter Energy Consumption Data in London Households” 

Low Carbon London - UK Power Networks
Consumption at half-an-hour intervals of 1 100 clients 

subjected to Dynamic Time of Use energy prices
3 tariffs: Low, Normal, High

In a multi-armed bandit problem, a gambler faces a row of K slot 
machines (also called "one-armed bandits") and has to decide which ones to play in 

order to maximize her reward 

Tracking - Upper Confidence 
Bound (UCB) algorithm
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Low tariff

High tariff
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Number of times the tariff 𝐼% has been picked:

Empirical loss of the tariff 𝐼% at 𝑡:

At each round 𝑡 = 1,… , 𝑇
◉ a tariff 𝐼% ∈ {1,… , 𝐾} is picked according to 𝑐%
◉ a consumption 𝑌% is observed, with Y5|𝐼% ∼ 𝜈9:
◉ the loss ℓ(𝑌%, 𝑐%) is suffered

Stochastic multi-armed
bandit for target tracking

Each tariff 𝑘 is defined by an unknown distribution 𝜈#
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Pseudo regret

For Tracking - UCB strategy:

Expectation of the global 
loss of the strategy

In order to influence power consumption, 𝐾 tariffs are available
The vector  𝜈 = (𝜈', … , 𝜈?) of the consumption laws associated with 

the different tariffs is unknown

Learn client behaviour & Optimize chosen tariffs 
Estimate consumptions & Pick tariffs accordingly 

Application of bandit algorithms for
power consumption control:

Tariffs = Slot machines 

Analyse data, model it and simulate new data
to be in full information setting and be able
to evaluate algorithms performance 
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How to simulate and test 
bandit algorithms?

Application of bandit theory

Exploration - Exploitation trade-off
and Sequential Learning 

Renewable energies are subject to climate
☛ Difficulties in adjusting production  

New communication tools (smart meters)
☛ Data access & instantaneous 

communication with
consumers

A generalized additive model for consumption 𝑌:
E[Y ] =

X
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fi(Xi)With 𝑋A A some explicative variables,

◉ if 𝑋A is a discrete variable with 𝑚 modalities:
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◉ if 𝑋A is a continuous variable, its effect is modelled with spline:

andwith

Explicative variables are temperature, date, time, tariff...

With the data provided, consumption law is estimated and 
thanks to this model, for any temperature, date, time, 

tariff… a realistic random consumption is
generated. Thus, performance 

of bandit algorithms can
be evaluated.
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Assumptions Algorithm (continuous setting)

500 simulations over a year
(Ridge estimator)

◉ Quadratic loss:
◉ Consumption model:

(variance of noise independent of chosen tariffs)
◉ Only two tariffs given at a same time:

◉ Attainable target:

At 𝑡 = 1,2, …

A target consumption 𝑐% is given

The tariff 𝐼% ∈ {1,… , 𝐾} (discrete setting) or the population proportions receiving the
different tariffs 𝑝% ∈ 𝒫 = 𝑝 ∈ 0,1 ? ∑ 𝑝# = 1?

#H' } (continuous setting) are chosen

The consumption 𝑌% is observed. 𝑌% is a random variable with 𝑌% ∼ 𝜈9:(discrete setting) or
𝑌% = 𝑝%I𝑍, 𝑍 ∼ 𝜈 (continuous setting)

The loss ℓ(𝑌%, 𝑐%) is suffered, with ℓ ⋅, 𝑐% a convex function of minimum 𝑐%
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Sun. Dec. 29 Mon. Dec. 30 Tue. Dec. 31Tue. Jan. 1 Wed. Jan. 2 Thu. Jan. 3

Average consumption 
over 500 executions

Target consumption

Average proportions
of tariffs sent 

(low, normal or high)
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Conclusion and prospects 

References

☑︎Design, implement and test an efficient algorithm with theoretical guaranties to track a target
consumption under basic assumptions

☐Deal with more complex models: noise variance depending on tariff and eventually on
explicative variables (temperature, date, time…), any loss function…

☐Create client clusters to send personalized signals and improve power consumption control

◉ Parameters: 
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Expectation of the
global loss of the best strategy: at

each time 𝑡 the optimal tariff is picked

For 𝑡 = 1,… , 𝐾

For 𝑡 = 𝐾 + 1,…

V = �IK ✓̂ = 0◉ Initialisation:               and    
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