Journal of Modeling in Engineering 23 (2025) 157-173

Journal of Modeling in Engineering

Journal homepage: https://modelling.semnan.ac.ir/

Semnan University ISSN: 2783-2538

Research Article

Energy Management of Renewable Energy Hubs including
Storages and Electric Vehicles in the Electrical and Thermal
Networks Based on Economic and Operation Objectives

Seyed Hossein Moayed &*

“ Department of Electrical Engineering, National University of Skills (NUS), Tehran, Iran

PAPER INFO ABSTRACT

Paper history: This article deals to the optimal power scheduling of renewable energy hubs

Received: 2023-12-26 based on storages and electric vehicles in electrical and thermal networks
Revised: 2024-07-05 according to the optimal economic and operation goals of the networks
Accepted: 2024-10-08 operator. To estimate these goals, the minimization of the operating cost and

energy losses of networks in the form of Pareto optimization based on the
Keywords: method of the sum of weighted functions is considered as the objective function.

This scheme includes the constraints of linearized optimal power flow of
networks and the operation model of hubs. Hubs include the limitations of
renewable resources such as wind turbine, photovoltaic and bio-waste units,
stationary storage such as hydrogen and thermal storage, and electric vehicles.
The bio-waste system simultaneously plays a role in the production of electrical
and thermal energy. Load, renewable power, energy price and parameters of
electric vehicles are uncertainty. In this article, stochastic optimization is used
to model the aforementioned uncertainties. Finally, the numerical results show
the capability of the proposed scheme in improving the economic and operation
status of energy networks by using appropriate energy management of the
mentioned hubs. So that the optimal power scheduling of the storage devices
and electric vehicles in the renewable hubs leads to the improvement of 29%-
56% of the operational status and 35.5% of the economic status of energy
networks compared to the load flow studies.
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5 Energy management system (EMS)
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2! Linearized AC power flow (LAC-PF)
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20 Optimal power flow (OPF)

3ee 5> (55l Joe Al



vy Gi;f.SJl clasis o GQJ,SJI lag, 055 g jlwe 3 (ol ls JERVRVRE S Sl ol (65, o pae \PY

a5 09l dzg (Jg o)l 5Ly asls 4 o)Al Vs
Flowo 32 &Sl 4 Jate slocle 55 Copae
2! B (Plane onl 5o ol &508 s (5515 2 0 42
ooy Jilae (S5 50 1 &5 (555b 4 el (5l
ol Slebre oley 1 VF] el el V) j2aS
Sl sl Jays3 5 Bl (nl 55 lofg Cuoal ]
oslinl bl 51 (S el (Slowbre Gloj o (g o
oot Jawe dllde ol o 1) el as g oui ol Jow
6l 09 oo oliiul (LAC-PFF) ™™ g5l Las AC ()l
5Ly asely BT aS 06l o 2,8 LAC-PF &y oloiws
a0 75l S mie8 b S slel s ol sla el o
V]l oo (S8l a5 a5 48 (28 el
5 C08(py, ~0n,) slejle Lulys ol o A
B (B = 0ne) 9) & oS 4 sin(g,, -9,
SN el 5o (V) 5Ly anels frizran 2igd 0 03)
a4 DVONVE] 55 13 Esgnp Vo0 JI 2120 (o logas
Sodpn 1 Sop sy aels o5 0gdge (e (ke
Dgd 00 @ 1 +HAV Ojsoas Vool gl 04 Laa>
V5l 6 aS s jlaie a5 Canl 3Ly Gl ol G5 yae AV
5 AVhAVm AV? lacs le B> L V] o jls cosss
©®) 5 (F) Ly, olizzl jlade cde 4 AVX(@o - ¢m)
Jol Q5 PEL (gl ooty (53 as e Ly, ol

D9 (50
Gy aisls Cusgase AC-PF 5 s OPF )5 #dlg ;o
Sheslaul cde 4y Jg 09 oo oslanl V<V, <V
Sy Bl Covgame (gdlering pib y0 AV e
Olgs Cudgase (cpl 1 ogdle .ol oolazul (A) alayl) aislon
Slopls amio S Ojygots @i Com g Lok (5,0l
ol 3 Js el (fPT Q7 €5 (el PQ laises 4o
Tk Glr b Joe S 4 o polie 4 i
otz B o dmio S 4 55 0e dmin (golgiiny
Sygot ol (1) als o dolee [N ] i 00 o i plazie
A5= &S sl Pxcos(IxAS)+Qxsin(IxA5) =S
Sl gl slaws [ Kilo N g s 5ly Bl il 8 e 360/NL
Sypets | s 5l Job amis V]
G Jge 8 Pxcos(IxAS)+Qxsin(IxA5) < S
e @S (polad (glil 4 alolas Gl 1SS 5 050 o0

2 Linearized AC optimal power flow (LAC-OPF)
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