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Energy resource management in smart
grids considering an intensive use of
electric vehicles
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Energy resource management

Problem formulation

Programming tools

Case study
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| = Development of methodologies to solve the energy resource

S
°
,ézl

management
= In a smart grid context
= To be used by a Virtual Power Player (VPP)
= Considering an intensive use of electric vehicles

= The main objective is to obtain the optimal scheduling for the
next day

= Minimizing the total operation cost of the VPP

= Without violate any technical constraint related with the network
= Without violate any resource constraint

= QObtaining a feasible solution in a reasonable amount of time
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= The following mathematical formulation has been used in

the energy resource management

Objective Function

min [ = fi+f,+/;+ 1,

Operation cost of the Distributed Generation (DG)
Npg (CA(DG.I) X X p6pe. T Ca06.0 X Fpecne.n +]

fIiZ

p2
t=1 DG=1\ Cc(pG.1) X L DG(DG.1)

Operation cost of the energy bought from external suppliers
T Ng

/= ZZCSP(S,r) x P, SP(S.1)
\ =1 5=1
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the energy resource management

Objective Function

min [ = fi+f,+/;+ 1,

Problem formulation

= The following mathematical formulation has been used in

Operation cost of the energy bought from EV users
T N,

fi= Z Zchh(V,z) x P peh(V.r) — Conw ) X F Ch(V.0)
=1 V=1
Penalization cost of the excess available power and
demand

NDG

T N;
Ji = Z(ZCNSD(L,I) x P NSD(L) T Z Crap(DG.1) X P EAP(DG.t)
9 =1 \_I=1 D=1

non-supplied

|
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| = Network power balance

= Active and reactive power balance with power loss at each bus
= \oltage magnitude and angle limits at each bus
= Line thermal limit at each line

| = DG and external supplier power limits

= Active generation limits
= Reactive generation limits

= EVs technical limits
= Energy balance in the battery of each EV
= Minimum and maximum stored energy at each EV
= Charge and discharge maximum limits at each EV
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= Deterministic technique

GAMS = Mixed-Integer Non Linear Programming

= Metaheuristic

‘ = Simulated Annealing
= Particle Swarm Optimization

AP = Hybrid Particle Swarm Optimization
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g» Evaluation of the solution using the

| fithness function:

YES

Generate a neighbor solution using two
heuristics

 Order of merit — DG and Suppliers

« Charge and Discharge intelligent Allocation — V2G

 Objective function

NO « Penalization functions related with some constraints

k=k+1 NO
YES
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' Waste to energy @ Cogeneration
@ Biomass (»:) Small hydro
@ Fuel cell

33 bus distribution network
66 DG units

10 external suppliers
Electric vehicles:

E Photovoltaic

. Wind

= ;)p Electric vehicle

Case study

Case | Number of | Optimization
study EVs technique
1000
MINLP and
1 2000 SA
3000
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= Case Study 1

= The proposed SA achieved worse operation costs than the
MINLP methodology, however with a much lower execution

Case study

time
Number Approach Operation cost (m.u.) Execution time (s)
of EVs Best Worst Mean
1000 MINLP 6555.03 - - 20,559.21 (5.71)
SA 6594.08 6610.41 6599.86 20.72
000 MINLP | 6940.95 i i 103,945.70 (28.9)
SA 6997.28 7016.52 7007.83 39.54
2000 MINLP 7325.26 - -
7422.00 7445.04 7431.50 75.63

= In the 3000 EVs scenario, the SA achieves a solution
around 0.03 % of the MINLP’s execution time, and the
difference in the operation cost is about 1.3 %
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= Optimal scheduling resulit of SA for 3000 EVs scenario

3 4 5
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Case study
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