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Cooperative energy management in renewable energy communities (CER)

● The set-up: Each member in the
community may:
● Consume energy
● Produce energy (e.g., solar panels)
● Store energy (e.g., battery energy systems)

● The objective: minimize the costs by
exploiting incentives on the energy shared
within the community

● The strategy: control the charge/discharge
behavior of the batteries and some
controllable loads
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Energy flow model of a member within the energy community

Model of the (dis)charging behavior of the battery:

emaxi
d

dt
εi(t) = ηiri(t) − di(t),

where:

● emaxi ∈ R≥0 is the maximum energy capacity.

● εi(t) ∈ [0,1] is state of charge (SoC).

● ηi ∈ [0,1] is the efficiency

Model of the Thermostatically Control Load:

CTCL
i

d

dt
Θi(t) = ζi P

TCL
i δi(t)
´¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¸¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¶
⊆ci(t)

−RTCL
i (Θi(t) −Θ

AMB
i ) ,

where:

● Θi, Θ
AMB
i : TCL/ambient temperatures.

● CTCL
i , RTCL

i : thermal capacity/resistance.

● ζi ∈ [0,1]: efficiency
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The concept of shared energy (Italian regulation)

Given a continuous-time signal x(t) ∈ R with t ∈ R and a sampling time ∆ ∈ N+, we denote by tk =∆k
with k ∈ N the discrete times at which the signal is sampled, yielding the discrete time signal x(tk) ∈ R.
We also denote by [x]Tk , where k, T ∈ N the vector collecting T samples of the continuous time signal
starting from tk and use the slender notation x when clear from the context:

x = [x]Tk = [x(tk),⋯, x(tk+T−1)]
⊺. (1)

Definition

The shared energy is the minimum between the energy fed into the network and the energy consumed
by the community members in a given W = Υ∆ with Υ ∈ N:

Esh(b,s,Υ) =min{∑
i∈V

g(bi,Υ),∑
i∈V

g(si,Υ)} ∈ R⌈k,Υ⌉,

where, given the horizon H = hΥ∆ with h ∈ N, the function g is defined as follows:

g(x,Υ) =∆

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎣

1⊺[x]
Υ−mod(k,Υ)
k

Ih−1 ⊗ 1⊺Υ[x]
(h−1)Υ
⌈(k+1)/Υ⌉Υ

1⊺[x]
mod(k,Υ)
(⌈k/Υ⌉+h−1)Υ

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎦

.
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Problem of interest

In the scenario of an energy community operating under an incentive scheme based on the
self-consumption realized by the whole community, the objective is to minimize the costs for the
whole community by maximizing the shared energy over the horizon.
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Optimization problem formulation: objective function and constraints

The objective function we aim to minimize is

f(v) = p⊺e∑
i∈V

g(bi,Υ) − p
⊺
shEsh(b,s,Υ), v = [v⊺1,⋯,v

⊺
n]
⊺
. and vi = [r

⊺
i ,d

⊺
i ,d

c
i
⊺,gc

i
⊺,δi]

⊺
.

The local constraints are:

0 ≤ ri ≤ rmaxi 1,
0 ≤ di ≤ dmaxi 1,
0 ≤ ri ≤ mr

i ⋅ (ε
max
i 1 − εi),

0 ≤ di ≤ md
i ⋅ (εi(k, T ) − ε

min
i 1),

0 ≤ dc
i ≤ di,

0 ≤ gc
i ≤ gi,

0 ≤ bi ≤ bmaxi 1,
0 ≤ si ≤ smaxi 1,

Θmin
i 1 ≤ Θi ≤ Θmax

i 1,
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Optimization problem formulation: objective function and constraints

Together with those related to the (dis)charge dynamics of the battery:

emaxi

∆
(Dεεi(k, T ) − e1εi(tk−1)) = ηiri(k, T )−di(k, T ), where e1 =

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

1
0
⋮

0

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

,Dε =

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

1 0 ⋯ ⋯ 0
−1 1 0 ⋯ 0
0 ⋱ ⋱ ⋱ ⋮

⋮ ⋱ ⋱ ⋱ 0
0 ⋯ 0 −1 1

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

.

and the TCL’s dynamics:

DΘ
i Θi(k, T ) − e1e

−αi∆Θi(tk−1) = (1 − e
−αi∆)ΘAMB

i

+ (1 − e−αi∆) ζiR
TCL
i PTCL

i δi(k, T )
, where DΘ

i =

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

1 0 ⋯ ⋯ 0

−e−αi∆ 1 0 ⋯ 0
⋮ ⋱ ⋱ ⋱ ⋮

0 0 ⋱ ⋱ 0

0 ⋯ 0 −e−αi∆ 1

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

.
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Optimization problem formulation: MILP transformation

We compactly write the optimization problem as follows:

min
v,θ

p⊺e∑
i∈V

g(bi,Υ) − p
⊺
shEsh(b,s,Υ),

s.t. Local constraints ∀i ∈ V.

By using the standard trick z =min{x, y} ⇒ z ≤ x and z ≤ y, we obtain an LP formulation:

min
v,θ

p⊺e∑
i∈V

g(bi,Υ) − p
⊺
shθ,

s.t. Local constraints ∀i ∈ V,

θ −∑i∈V g(bi,Υ) ≤ 0,

θ −∑i∈V g(si,Υ) ≤ 0.
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Numerical Simulations: members consumption and generation powers

Six agents community example

● Sampling time: ∆ = 15 minutes,

● Horizon time: H = 12 hours

● Simulation time: 3 days.

Param. Value Param. Value

rmaxi 5kW dmaxi 5kW
bmaxi 20kW smaxi 20kW
Θmax

i 20°C Θmin
i 18°C

RTCL
i 83.33°C/kW CTCL

i 300kWs/°C
PTCL
i 0.2kW ζi 0.8
εmaxi 0.9 εmini 0.1

mr
i 50kW md

i 50kW
emaxi 20kWh ηi 0.8

Table: Constants and parameters in simulation
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Numerical Simulations: members buy (bi), recharge (ri) and discharge (di) powers

Six agents community example

● Sampling time: ∆ = 15 minutes,

● Horizon time: H = 12 hours

● Simulation time: 3 days.
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Numerical Simulations: members batteries SoC (εi(k, T ))
Six agents community example

● Sampling time: ∆ = 15 minutes,

● Horizon time: H = 12 hours

● Simulation time: 3 days.
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Numerical Simulations: members TCL temperatures (Θi(k, T ))
Six agents community example

● Sampling time: ∆ = 15 minutes,

● Horizon time: H = 12 hours

● Simulation time: 3 days.
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Numerical Simulations: 10% cost reduction via shared energy increase

No optimization With optimization
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Thank you for your attention!

Diego Deplano
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