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The problem of interest
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Cooperative energy management in renewable energy communities (CER)

¢ The set-up: Each member in the [ Community generation ~ Gommunity 1

community may: storage
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® Consume energy
® Produce energy (e.g., solar panels)
® Store energy (e.g., battery energy systems)

exploiting incentives on the energy shared )N A@\

within the community i)
® The strategy: control the charge/discharge | 0 5 |
behavior of the batteries and some
An integrated community energy system
controllable loads L

<«—> Power flow

<«--» |nformation flow
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The problem of interest ntra MILP formulation
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Energy flow model of a member within the energy community

FHO! generation g;(t) Ea
P0) recharge 7;(t) g
1 v
sell s;(t) % buy b;(t) ’7 consumption ¢;(f) @ S
L
ds(t) 40 discharge d;(t) I

Model of the (dis)charging behavior of the battery: Model of the Thermostatically Control Load:

d TcL d TCL TCL AMB
L el (t) = mir(t) - di(2), G 2 0i(t) = G P e (1) - R (8i(1) - 67M)
dt _,_/
cei(t)
where:
where:
* '™ € Ry is the maximum energy capacity. ° ©; OAME. TCL/ambient temperatures.
® £;(t) €[0,1] is state of charge (SoC). o CFCN RTC: thermal capacity/resistance.
® n; €[0,1] is the efficiency ® (; €[0,1]: efficiency
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The problem of interest ed MILP formulation
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The concept of shared energy (Italian regulation)

Given a continuous-time signal z(t) € R with ¢ € R and a sampling time A € N,, we denote by t; = Ak
with k € N the discrete times at which the signal is sampled, yielding the discrete time signal x(tx) € R.
We also denote by [ar]f where k,T € N the vector collecting T' samples of the continuous time signal
starting from t;, and use the slender notation @ when clear from the context:

x = [z]f = [z(t), - 2(trer-1)]" (1)

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 = TA with T e N:

Esn(b,s,T) = min{Z g(bi, 1), > g(si, T)} eRM®YT

3% i€V
where, given the horizon H = hYA with h € N, the function g is defined as follows:
1T[m]g—mod(k,'r)

h-1)Y
9(x, L) =Aflp-1® 1Ir[l']F(k+1))/r]r
1T[x]mod(k,'r)
([k/Y]+h-1)T
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The problem of interest
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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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Centralized MILP formulation
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Optimization problem formulation: objective function and constraints

The objective function we aim to minimize is

f(v):p-le—Zg(bi7T)_p:hEé‘h(bﬁsaT)y v = [vI)“'7v'rT1]T' and Vi = [riTvdzTad'?Tagz?T76i]T'
i€V

The local constraints are:

0 < 7 < X,
0 < d;i < dll\-/[Axl,
MAX
0 < r < my - (™1 - &),
d
0 < di < mi-(ei(k,T)-ei™1),
0 < di < d;,
(e}

0 < g; < g,
0 < b < BN
0 < 8 < sy,

oM™ < O; < 01,
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Centralized MILP formulation
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Optimization problem formulation: objective function and constraints

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

I T
MAX -
& (Dezi(b, T) - exei(ti-r) = mira(h, T)=ds (K, T),  where €1 = lb.=lo -~ - -~ |
i S
0 0 0 -1 1
and the TCL's dynamics:
1 0 0
—o; A
D?@i(k,T) —ele_aiAei(tk—l) _ (1_e—aiA)@iAMB ) 5o —e 1 0 0
, where i = : - .
+(1-e ) GRICV P 5i(k, T) 0 0
0 0 —e ™% 1
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Centralized MILP formulation
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Optimization problem formulation: MILP transformation

We compactly write the optimization problem as follows:
min p; Zg(bhr)_thES/l(bvs*T)v
v,0 €V

s.t. Local constraints Vie V.

By using the standard trick z = min{z,y} = z <z and 2z < y, we obtain an LP formulation:
min  pe 30 g(bi, T) = pint,
b i€V
s.t. Local constraints VieV,
0 - Ziev g(biv T) <0,
0-%.v9(s:;,T)<0.
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MILP formulation Results and discussion
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Numerical Simulations: members consumption and generation powers

Six agents community example

® Sampling time: A =15 minutes,

— C fon —— Generation|

® Horizon time: H =12 hours o : : : : : ‘
* Simulation time: 3 days. /\(\/\ /\(\/\ /}(\/\
Param. Value Param. Value é: ,‘ | ‘/>‘\ | / |
SN NN NS
ryax 5kW a3 5kW S EANRA WA
by 20kW sy 20kW = L AN AN AN
ellymx 20°C E_)IlynN 18°C - 10 . .
RICY | 83.33°C/kW | CFC% | 300kWs/°C R AN AN A\ AV AN
prev 0.2kW Gi 0.8 e I e e
S T B S B LA N A AN A
my 50kW mé 50kW ———————
e | 20kwh ™ 08 ELALA AN A A
Table: Constants and parameters in simulation RO »f-{i.uf;ff.m.‘,(l] o
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d MILP formulation Results and discussion

Numerical Simulations: members buy (b;), recharge (r;) and discharge (d;) powers

Six agents community example

® Sampling time: A = 15 minutes,

[——Buy power

Recharge power Discharge powex\

® Horizon time: H =12 hours

® Simulation time: 3 days. OMWJLWL D’IIIILmrmyumummIn M %MHWU‘ULWU'MM‘IW Mv#
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Results and dis

Numerical Simulations: members batteries SoC (¢;(k,T"))

Six agents community example
® Sampling time: A = 15 minutes,
® Horizon time: H =12 hours

® Simulation time: 3 days.

Noncontrolable Consumption

Renewale Generation]
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MILP formulation Results and discussion
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Numerical Simulations: members TCL temperatures (0;(k,1"))

Six agents community example

® Sampling time: A =15 minutes

® Horizon time: H =12 hours | g: WMF\W/W Amﬁ%ﬂm%‘\pﬂﬂ/’ J‘Mv\,h%
® Simulation time: 3 days. 5,
= whf/b\.aeﬁﬁﬁf\-mwm“ e
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Numerical Simulations: 10% cost reduction via shared energy increase

(N Bought cnergy [ Sold energy Shared energy

10 <10 10

N Bought cnergy [ Sold energy Shared cnergy

Total Energy [KJ]
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