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2Inria and CMAP, École Polytechnique

October 26, 2017

IEEE International Conference
on Smart Grid Communications

Dresden, Germany

Paulin Jacquot (EDF - Inria) DR: Impact of Consumers Preferences October 26, 2017 1 / 11



Introduction: the Context

Two-way communication system:

aggregator

1

2

n

N
The aggregator has providing costs Ct(`

t)

� depend on time period t ∈ T ,

� convex and ↗ in `t =
∑

n∈N `
t
n.

Each consumer n with flexible usages:

� minimizes its electricity bill

� and has a preferred consumption profile.

→ find a procedure that optimizes system costs
AND users costs.
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Billing mechanisms and System Costs

Each n ∈ N minimizes a bill (signal) : min
`n∈Ln

bn (`n, `−n) subject to

{ ∑
t `

t
n = En

`tn ≤ `tn ≤ `
t
n,∀t

.

Depends on its own profile but also the profile chosen by the others → GAME

� Daily Proportional (DP) [Mohsenian-Rad et al. (2010)]

bDPn (`n, `−n) =
En∑

m∈N Em

∑
t∈T

Ct

(∑
m∈N

`tm

)
� Hourly Proportional (HP) [Baharlouei and Hashemi (2014), Jacquot et al. (2017)]

bHPn (`n, `−n) =
∑
t∈T

`tn∑
m∈N `

t
m

Ct

(∑
m∈N

`tm

)

For HP and DP, system costs C(`) =
∑

t Ct(`
t) are equal to sum of users bills

∑
n bn(`).
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Users preferences and Social Cost

� In practice, consumers will not set their profile `n to the optimum of bn,

� Even if computation is automatic, they will disconnect if unhappy

→ utility functions un(`n) = (squarred) distance to a preferred profile ˆ̀
n:

un(`n) := −ωn

∑
t

(`tn − ˆ̀t
n)2

→ define user’s objective function as:

f αn (`n, `−n) :=

(1− α)

bn(`)−

α

un(`n)

with α ∈ [0, 1] “preference factor”.

Social Cost SC(`)= sum of users objectives =
∑

n∈N f αn (`).

bn is either bHPn or bDPn → 2 games GHPα and GDPα .

How does the parameter α influence the game ?
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Nash Equilibrium: Equilibrium Profile

We look for a stable situation where no user wants to change its profile

→ Nash Equilibrium (NE)

LNE
α :=

{
`NE ∈ L : for each n, `NEn ∈ arg min

`n∈Ln
f αn (`n, `

NE
−n)

}
.

Theorem

With any α ∈ [0, 1] and costs Ct(`) = at`+ bt`
2, for the games GDPα =

(
N ,L, (f αn )n)

)
and

GHPα =
(
N ,L, (f αn )n)

)
, the following results hold:

� each game has a unique Nash Equilibrum,

� the Best Response Dynamics (sequential alternating minimization) converges to each NE.

Remark 1: this is obtained by showing that the Games have the “potential” property.
Remark 2: The BRD provides a decentralized algorithm to compute each equilibrium.
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Efficiency Metrics

� Price of Anarchy, (Koutsoupias and Papadimitriou, 1999)
Define SC(`) =

∑
n fn(`) the Social Cost and SC∗ the optimal social cost.

A usual indicator to measure the efficiency of the NE is the PoA:

PoA(G) :=
(

sup`∈LNE
G
SC (`)

)
/ SC∗ .

� Price of Efficiency
We define a similar quantity from the system side, without the users preferences, but only
considering the system costs C(`) :=

∑
t∈T Ct(`

t):

PoE(G) :=
(

sup`∈LNE
G
C (`)

)
/ C∗ .

Remark: PoA ≥ 1 and PoE ≥ 1. For α = 0, PoE(Gα) = PoA(Gα).
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PoA(G) :=
(

sup`∈LNE
G
SC (`)

)
/ SC∗ .

� Price of Efficiency
We define a similar quantity from the system side, without the users preferences, but only
considering the system costs C(`) :=

∑
t∈T Ct(`

t):

PoE(G) :=
(

sup`∈LNE
G
C (`)

)
/ C∗ .

Remark: PoA ≥ 1 and PoE ≥ 1. For α = 0, PoE(Gα) = PoA(Gα).
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Theoretical study on a toy model

� T = {O,P},

� ∀t ∈ {O,P}, Ct(`) = `2 ,

� preferences:∑
n

ˆ̀P
n = ˆ̀P > E

2 >
ˆ̀O =

∑
n

ˆ̀O
n .

Theorem

Under certain conditions on ˆ̀
n and (En)n,

the unique NE are given, for α ∈ [0, 1] by:

for GDP
α , `P = E

2 + α (ˆ̀P−ˆ̀O)
2 ,

for GHPα , `P = E
2 + φ(α) (ˆ̀P−ˆ̀O)

2 .

with: φ(α)
def
= 2α

(1+α)+(1−α)N ∈ [0, 1] .

→ Explicit System costs and PoE at NE
Thm: ∀α ∈ [0, 1],PoE(GHP

α ) ≤ PoE(GDP
α ).
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Simulation with 30 users on a real database

Simulation on DR on all days
of January 2016.

Example on 2016/01/10:

α = 0.0

Paulin Jacquot (EDF - Inria) DR: Impact of Consumers Preferences October 26, 2017 8 / 11



Simulation with 30 users on a real database

Simulation on DR on all days
of January 2016.

Example on 2016/01/10:

α = 0.001
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Simulation with 30 users on a real database

Simulation on DR on all days
of January 2016.

Example on 2016/01/10:

α = 0.002
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Simulation with 30 users on a real database

Simulation on DR on all days
of January 2016.

Example on 2016/01/10:

α = 0.003
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Simulation with 30 users on a real database

Simulation on DR on all days
of January 2016.

Example on 2016/01/10:

α = 0.004
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Simulation with 30 users on a real database

Simulation on DR on all days
of January 2016.

Example on 2016/01/10:
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Simulation with 30 users on a real database

Simulation on DR on all days
of January 2016.

Example on 2016/01/10:

α = 0.02
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Simulation with 30 users on a real database

Simulation on DR on all days
of January 2016.

Example on 2016/01/10:

α = 0.03
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Simulation with 30 users on a real database

Simulation on DR on all days
of January 2016.

Example on 2016/01/10:

α = 1.0
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HP billing numerically better on PoA and PoE

Price of Anarchy

D = {all days of January, 2016}.

� for α = 0, DP is optimal but HP has
very small PoA (=1.0015) (see [2]),

� when α grows, HP is more efficient than
DP, maxα PoA(GDPα ) = 1.122,

� PoE is lower for a wide range of α
→ users will be more selfish with the
DP billing, less robust,

� HP will be more beneficial for the
aggregator.
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Conclusion and Perspectives

� Game-theoretic model for DR integrating users temporal preferences.

� With preferences, HP billing performs better than DP.

An implementation of Demand Response based on the HP billing is interesting both for
consumers and for the system, and we have a distributed algorithm to compute load profiles.

In practice α could differ among price-sensitive users, and is difficult to estimate.

Extension: preferences could be used in a dynamic model where users can leave the DR
program if unsatisfied.

THANK YOU!

paulin.jacquot@polytechnique.edu
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