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Introduction

Context

Integrate renewable energies in the energy production of the Telecoms sites.

Minimize the energy cost of the Telecoms sites.

Interconnectthe Telecom sites.

Optimize the energy exchanged between two Telecoms sites.

Problematic:

How to optimize the energy between two Microgrids (sites) globally and locally?
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A. SYSTEM DESCRIPTION

S Telecoms
Assumptions: I 0| equipement
b 7 2 pV
* Loaddemand is constant. _ £y Wit 4__.Wb oy
* No sale of energy to the Grid. —
» Charging battery should be only by the remaining We
energy. > l
Wexch

s W, refersto the energy lost.

Input Modeling Constraintes Cf)l,tI)IJ]i(t:itCI)\I{le Optimization
- . Calculate the «  Energy balance *  Minimize the +  Determine the
*  Meteorological data o . imal value of
_ renewable energy  *  Maintain the operating cost optimal value o
(Sunshine, Wind fth
production (ig,, values of ((W,, of the (W, Wy, and
speed, Load demand). architecture
PV, and Wind Wy, and W,.c) ectu Wexcn)
*  Purchased energy studied
. Turbine) within their :
price.
»  Define the battery lower and
state of charge. upper bounds.




B. OPTIMIZATIONALGORITHM
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O Linear Programming (LP)
1. An exact optimization method.
2. A mathematical modeling technique.

3. The objective function and constraints must be linear.

O Particle Swarm Optimization (PSO)
1. Anbio-inspired algorithm (behavior of birds).
2. An heuristic optimization method.

3. The optimization performance stands into the choice of the PSO

parameters.
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B. OPTIMIZATIONALGORITHM

% v}v Load W, 1. Linear Programming Model
o~ Zp | o .
W, Wy — * Objective function:
W, min C = z W ,(®)C k(i)
—’l t=1
Wexcn *  Penalty function:
- _ {1, if d(t) >0
 Decisionvariables: k(v) = {o, Otherwise
X< Wy We Wa SOC Wexcn d(D) = Wy (1) — Wpy (1) = Wyee()
* Input: Constraint
e onstraints:
© W, Wy W
*  Energy balance:
* Objective:
d(t) = K()(W,(t) — W3 (1)) + (k(t) = D(W.(1) — Wy (t
Minimize the cost of energy purchased from (© = KO(Wy(® = Wa () + (kD) ~ DW() ~ Weyen (1)
the grid in the deficit case. *  Battery:

soc(t+ 1) = soc(t) + (1- k(t))Wcl(Et) + k() Wy (t)

C
SOCpin < SOC(t) < SOCynax

* Assumptions:

o The K(t) refers to the charging state of the
battery.

o  The purchased energy price is considered |SOC(T) —SOC(1)| < ¢
constant. e  Grid:

0<P, (D < Pemax » Padmax < Pa(t) <0

0 < Wy (1) < Wypmax
*  Exchange: 5
wexch =0
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B. OPTIMIZATIONALGORITHM

»w = Load W 2. Particle Swarm Optimization Model
=2z W
——— W, — *  Objective function: r
”_L,\E Wiyt —> NE ]
' mmC=P+ZWg(t)Cg
Wg t=1
—_—
l *  Penalty function:
Wexch
Wi(t) —d (t) + Wp(1), ifdt)>0
. . Wyt = 0 Otherwise
* Decisionvariables: ’
X=[W,, ] _1—d(® - WD, ifdt)<0
b Wexen(0 {O, Otherwise
" Input: d(t) = Wi(t) — Wy, () — W, (D)
= W) = Wpy(L) — Waut
. va, Wi, W)
* Objective: » Constraints:
o  Minimize the cost of energy purchased from *  Battery:
the Grid inthe deficit case. (1 — k(©) W, (t) + k(t) Wy(b)

SOC(t+ 1) =Ssoc(t) + E

L] i N p
Hypothesis: SOCpin < SOC(t) < SOCpax

o Penalty is appliedto avoid the following

scenarios: 0< Pc (t) < Pcmax ’ Pdmax =< l:'d (t) <0
1. Charging and dischargingthe batteryin the |SOC(T) —SOC(1)| < &
steady state e  Grid:
2. Discharging the battery if thereis an excess
of energy 0 < Wg(t) < Wypax

3. Energy leftisnot sufficentto charge the *  Exchange:
battery Wexen 2 0 7




A. COMPARATIVE STUDY
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gy L 5KW Conclusion Case I: Ist of July in Lannion
> —. * LP suggests the best schedule of the B S—
A 16kW —» e considered system compared to the £ e Wi it
N . 0
™ 7akwh PSO algorithm. ‘é
0,2€/kWh *  PSO becomes avoidable when the g5
—> numbers of decision variables w
increase. ! —
Wexcn P ST T N VA O R I/ I

Tirme [h]
CaseZ: Ist of May in Lannion
fr—

* Operatingcost (C) and exchanged energy (W oxcn) proposed by the both approaches:

Scénario PSO LP i e
CO | WerenlkWh) | C(© W eren(kWh) 21

Cas 1: (July) 1,85 32 0,68 24 g §

Cas 2: (May) 2,61 27 1,18 18 mﬁ. oo S D O
o4 6 8 10 12 1 ot 1% N 2 M

Time [h

Cas 3: (October) | 2,38 185 b 10 Cased : Ist of |][:i[]]|JEl' in Lannion

R ‘

*  Comparaison betweenthe characteristics of the two algorithms: Em T e
K
LP PSO B :
g
Computational time | < 1min > 1h g
Robustness Confirmed Confirmed : 2 4 5 5 {ﬂ {2 1|4 {5 1‘5 zlu 2} M
Time [
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A. COMPARATIVE STUDY
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FVE Load 5kw . . .
=& 69kW The energy scheduling on the 1stof Julyin Lannion
—_—>
"éﬂ‘~ %W i Case 1: 1stof Julyin Lannion Battery state of charge
0,2€/kWh -
— 15 — — E'%“11141 : o
PR
w. - —_ 2 5 S
exch Em. ———y % 80 o /_..- ,f “‘"'-.._-_-.‘c
[} ‘E “. / ,f
. H Z 60 ~"~\‘--,, _,--” 7 Y i
Conclusion § 5 5 Tnee” T near programming
5 > ul - === P50
» The energy dispatch 2 4 6 8 0 0 % B W2 D 2 4 6 B 02 W% B N 2 M
proposed by the Tine [t Time (]
both approaches is Energy scheduling proposed by PSO Energy scheduling proposed by LP

globally similar.
e The difference
occurs in the

variation of the = .
battery state of : :
charge.
T R R EEEEEEEEEEE

Time [h] Time [h]



= Load 5kW
.;%‘7 69kW
_
A\ 16kw < >
74kWh
0,2€/kWh
e
Wexch
Conclusion

Introduction
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The energy dispatch
proposed by the
both approaches is
globally similar.
The difference
occurs in the
variation of the
battery state of
charge.

A. COMPARATIVE STUDY
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A. COMPARATIVE STUDY
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FVE Load S5kw . . )
aZ  69kW The energy scheduling on the 1st of Octoberin Lannion
_
A\ 16kw < , e .
_l\_’L —_—> 24kWh Case 3: 1st of Octoberin Batterystate ofcharge
Lannion
0,2€/kWh
15 I [ [ I [ I [ [ 1 T §1m T j"'"‘"n
Wexch = =N & /f N \h\‘\ .
§1u e Wi T £l \ e NS
. E 5 \\'\_ _,.m/ 7
Conclusion ;| i BN e
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2l T P50
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dy disp AEER RN @ 2 46 bR W B DR N
proposed by the T Time ]
' nergy scheduling proposed by nergy scheduling proposed by
both approaches is E hedul d by PSO E hedul dbyLP

globally similar.

» The difference
occurs in the
variation of the
battery state of
charge.
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SENSETIVITY ANALYSIS
e | Load 5kw . . .
=& 69kW The energy scheduling on 1st of Octoberin Lannion
_
L\ 16kw b , B
J\_,E 74kWh . .
0,26 /kWh - Operating cost (C) and exchanged energy (W ,,.p) for different values
’ > of the initial battery state of charge using LP.
Wexch
SOC(t0) 100% | 90% |80% | 70% | 60% | 50% | 40%
Conclusion C©) 2,16 1,64 0,68 0 0,46 1,42 2,39
«  The economic scenario to Wexcn(KWh) | 39 N e

adoptis: SOC(t0)=70%

» Energy scheduling of the system studied on the 1st of July in Lannion
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Linear Programming Particle Swarm Optimization

- Positive aspect; * Positive aspect:
1. Effectiveness (operatingcost).
2. Robust

»  Negative aspect

1. Effectiveness (operating cost).
2. Rapidity (Computational time).
3. Robust

- Negative aspect: 1. Rapidity(Computational time).

i 2. Convergence requires some parameters
1. Problem formulation g g P

to be tuned (i.e., Population size).

» The comparative study confirms the effectiveness and rapidity of the LP in
front of the PSO in terms of computational time and operational cost.

» The sensitivity analysis shows the impact of the initial battery state of
charge on the energy scheduling.

13




Thank you for your attention !
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nnex1: Simulation data

Component

Values

Load demand

Constant rated power: 5kW

Photovoltaic

Installed peak power: 69kW

Wind Turbine Rated power: 16 kW
Battery Rated energy: 74 kWh
Grid Purchased electricity price: 0,2€/kWh

Battery PARAMETERS:

SOCmin=30%, SOCmax=100%, SOC(1)=80%, € =3%
PSO PARAMETERS:

Numbers of variables: 24

Numbers of iterations: 300

Populationsize: 1000
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OPTIMIZATION ALGORITHM
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A. SYSTEM DESCRIPTION

S Telecoms
Hypothesis: oy L | equipement
oom pv
: Wy, —
* Loaddemand is constant. oy Wt < , B
* No sale of energy to the Grid. >
» Charging battery should be only by the remaining We
e

energy. l N
s W, refersto the energy lost. exch

Photovoltaic model:

1 T — Tre
(Lan and al.,2015) Ppv(t) = prcG(t)< + B( ét) f)>

T (t) = T,(t) + G(b) (%’)

_ _ 0,5C,S@V(t)® if V< V(t) <V,
Wind Turbine model: Py (t) =

(Diaf and al.,2007)

P. ifv,<v@® <y,
0, Otherwise

ViO=vo® (1)

Battery model:
Charging mode: Wi, (£) = Wy (t— 1) + (W (£) + Wyt (£) — Wi (D))
Discharging mode: Wp(t) = Wp(t—1) — (va(t) + Wy () — Wy (D)

(Hossain and al.,2019)
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