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Abstract:

With the expansion of distributed renewable energy sources and the increasing complexity of
operating distribution networks, microgrids have faced challenges in maintaining stability, reliability,
and power quality. The inherent fluctuations in production in sources such as solar and wind and the
need to create a momentary balance between production and consumption are among the most
important factors creating these challenges. Vehicle-to-Grid (V2G) technology, which enables two-
way energy exchange between electric vehicle batteries and the power grid, is considered a promising
solution to address these problems. This article first introduces the concept of microgrids, their types,
and the main issues related to sustainability. Then, the operating principles, advantages, and different
types of V2G technology are reviewed. The main focus is on the role of this technology in improving
the sustainability of microgrids. These roles include improving frequency and voltage regulation
through rapid power injection or absorption, managing fluctuations in renewable generation using
electric vehicles as energy storage, and increasing the reliability and resilience of microgrids,
especially in islanded conditions. V2G can also contribute to economic optimization and reduced
operating costs by participating in load response programs and energy markets. In addition to the
benefits, the technical, economic, and management challenges associated with the widespread
implementation of this technology are also examined. Finally, by reviewing case studies, the
efficiency of V2G is evaluated in different scenarios and its future prospects in smart energy grids are
outlined. The results show that V2G can be one of the key technologies for realizing sustainable,
smart, and resilient microgrids in the future.
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Table (1): Types of electric vehicles and their role in frequency regulation
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Figure (1): Simple structure of car-to-everything connectivity technology
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Figure (2): Vehicle-to-network system architecture and its main components
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Table (2): Classification of vehicle systems into networks in terms of control structure
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Table (3): Comparison of vehicle-to-network system control structures based on key parameters
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Figure (3): Hierarchical control structure in the vehicle-to-grid system. The structure consists of three control levels, and the
two-way communication and feedback exchange between the levels enables coordinated and precise power management.
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Figure (4-2): Schematic of a microgrid equipped with vehicle-to-grid technology
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Figure (5): Classification of microgrids based on grid connection structure and the role of distributed generation sources,
energy storage systems, and electric vehicles equipped with vehicle-to-grid technology in stability and frequency regulation.
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Figure (6): Classification of microgrids based on power throughput topology and how electric vehicles equipped with

connected vehicle technology are connected to the grid
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Figure (7): Different control and management structures in the microgrid and the role of electric vehicles based on vehicle-to-
grid technology in supporting the microgrid frequency during events
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Figure (9): Schematic of the role of vehicle-to-grid technology in increasing microgrid stability
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Figure (10): Conceptual structure of frequency stability in a microgrid, including the occurrence of disturbances, the creation
of active power imbalance, frequency deviation, and the role of the vehicle-to-grid system, storage, and primary and
secondary controllers in frequency recovery.

Yooro 858 Dl ol sl doo o il 8 oS (gl ol A (698 a e 5l AL Sl @ i > o
9 J)..j‘sa )‘)3 45......4).') ‘519‘0 GL..A ope p L)‘?" J.)Lu u...ai.u J.nls u...lg.i..wo 46‘014)9 oI 59 Lol ;.\..JLAGA ‘;LI Sgdio
5 Shac it ol () 3 3550 oS (68 B HE G ismld S 5 4 B sl (IS e &
INCL PR ] L ST IRVR VR[5 PSR P ESRP- I CEL JUVOPS S - OX. g W FOR TS TSV I JUSS S F S S

ol 2 el o Jeallpn s 5 0udn 95 (Silue eSS grie S plyieds Wil oo ASed 4 9095 dlele cogz)lz cnl )
WSy A ST lgd 8oy b uilS )8 Cdl s jo aiiie 0l Al 4 Jate (B sy 095 0,8 1,8 colaiul 90
il S s (gl Jolaia 4 o0l i oyl 5 eoulS 5 A Ll 3 5 a8 ol | Gl 39S 5l st
WS s uilS 8 496 5 adgl S 0 Fhe (eI Il S ailes V26 aibele 048 0 9o ol oyl

P ol B Blyzl yiSlas aile oo asls jleslaul b ‘}(}w Sl 50 bl P golal bl o Judes et )
S peosllan Condy o m3lh ul 4z 35gn sl Sl 3 Euile (sl i 5 ullS 5 s ol S e
09550 LUl «abbl cpl jo oyl 6yl o Sles WilS )8 Shaie Al a5 8 S Al lgi e Wil andls
olyg, 58y S ;0 1,35 uwly coaS iolidl o ol S Sgupn (uilS )8 8l aials pals el V2G5l oolasul
YW

Sras 55 5 Sy Ol o slaliod Jols & 4, 5 GullS 3 (sl w9 oe sl (3) US55 oS S len
by e a5 ol Gl b sl lie 31 (S 9,5 b T Gl el ol S 5By b Sl iy
30 g g By 395 ol jlade 5l et S8 ase il 10 g 0als sbm] Jols pae Sras g sody 98T Gles ol
A Cond (6 yidion Sy b Wilgi oo Blaail el e ol 5 (st molie adé g Jobae oyl o9 Gl Jdo 4 ey
RCRY ST gpl YL

o >3 i ol (S b (izren 5 49l 7S sl S el el (S glaa lyd cnl e
coplply i a8 lis jlore 0dgaome ay (uilS,8 asle T30 o (uilS )8 ialiEl ey ler Cds b uils 3 cdl sl
Gl 1) iS5 Gl ol arels wilgs co (B sleg 095 asile Jedlas pu polio 51 (5,00 a5 conl )] ko JS oyl
A5 Sguge Wolaygy £48g sl jo |y aSlilip ) iS5 )8 (g lal 5 00,5 HoligS 1, bk lej cosls

5y (g5l ~¥-Y-Y
5 o 5 Sl sle o 4o ol palas 4o 5y Jpid LB ol L 5 08 ieses U5 4 55 5 sl
sSles 5 bl g5 aSed Slasein 8], Gls Jobs il cow Tase ol g9 ol Sed oo S (iLazil g5
Sleess ol 5o b asS (el ctwyoay 1) bl 55T, e 5L Wl plns a5 (Jy50 50 0l0 18 J S slagis
Sy dalgs # a5l ol yisu (o 5ldg e e (ol L (ralS wass il el (iaSTy (6400 0 500 Lol 15 SLSU
15 Ygars aSos ol Ll aSGT cass ol 18,55 5 Vb Conles 51 calise LYs & 55 6 lul daasiis ) o
g Sy o)l i JEsl sleaSis a4 cans oyl jo bghs Ll 4 Caglie Cans g 009 20565 mlaw
Gk 5l gy e doaSidn 5l gl )0 aSST pgo ail Sl 0dgi 5 5k Sliis pl 50 ool SLlg 05 o0
Sy AT pons ol atsly Sl (ol colie 9 ,Shoe 4 (g0b5 0> b 5Ly J5S 5 Wigd oo Jate pias 42 55550
S ol 5y Judg 5o Sl Dl s Wilgh oo 5 (60b g ud o> slaaileln i pdsaass alie gl yog
Soxdy et b g pdisiand gl gl 0 GLSL e g e o e b Gl sl plasly; g4
999, )4‘)3 )L>bo Sgd> )| ol U”‘ as (5')9"0 e Q}w I VEON dmeL e )U3 oty u.cl.u S u&o.a e:\.i..m).v) 6)0).30).9‘4'

IAAY


http://jeps.dezful.iau.ir/article-1-565-en.html

[ Downloaded from jeps.dezful.iau.ir on 2026-07-30 ]

Journal of Novel Researches on Smart Power Systems - VVol. 14 - No. 4- Winter 2026

VE-F Gl —pslez ojlod — oo lo Jlo —diedien &8 st (0 g Oladbod 4,08

565 bl (5 R0 g e salsn azlse saags b aSd Sy syl S ol 1 O WIsS (IS et
a s 5ldy g laul copl ply wogd SLdgadlal 4y poxie wilgh oo « S )L L slaaSlils jo g (lgs a3 s By
Sg oo bgrpe 35 0,k sogamme jo o] ok Lad> as aSl 5l il 5l 5 .S ol

oy alele ol 55b 51 als bl el V26 wibelus 5l soliiul b Luils /6 meba p aalibl ol Lol 35 s sz a
2 odle aiilgs g b, ISy S8 (6351l 5 Jone g5 ar ey el @y Jate (B slagy0e5 ol e aSiin ) 5L
58T ol malass g oyl Lol i aS > o s axil anile o i 5 98T, lg5 Cu i j0 guiST oles Jols
9,00 I ST Al Gy kS ¢ el of 9ot Wlgiee Gl 232 b 55 698 )0 i (Sl S et
Lol (55950 Ay o Ses gl b5l sl V26 jga poe 5 jga> alie Glagy luw )0 bl 55,8, (o)
blg g 5y obib leyan Ly Dllugs asels da b 5Ly Jlade aiwS aile ol asls Gldy g lul Judss o
S aSln, Yowln o,Slee [ Silo baslis cpl Sgue 00,5 oo 1,8 oolainl 550 jlxe dga j0 5Ly Lads jo piacew
1 g Jabos 5 e s 35 55 3, gl 3 el o5dle sl ol sligs ot 53 el ey o (5505 i
23,5 Laziin 385 jebds piwew IS (6)luL 5 V26 Glls LSS L Sl ol 3

Lis 4y il 3 glul aiiie sl h; (Soelins o Slee b5l 5o gwlal (atlis 50 5y (sl 5 18 (sl
L 8 s 2155 4 5 5l o o 15 055 m Ly pn ol 3 st Sl ol 51 5,55k 5 5381 ol ol
oolauwl 9 ﬁd).\).\?u éﬁla.& 6}“) Q}.O.t 5‘5..)).».:‘ Mls 5&4&&»).:) 3o oW 43.».0‘5 alisee 6L®wb 3o )LJ9 wla.c Cj.la.w
el ool ial38 ) o lul £65 90 () Sl (& y08 Sig iSUl sl Joe 5l 00 S

Jaie (B sy o> jpam oS 39y g0 WALl ulS 8 oulals ;o 4l 4 5,095 allole 25 4 az g bl asliplly 5o
Gl b ddn sgn Lol g) 989 plam 0 1) s (il 8 3 S 15 o 232 b B2y 5 o)l 5 Wil LS5, @0
(bl Gl S 8 s 3050 32 35 5L, ailebes ol JBT el oY el 5 385 ()l (alis sl o
» V2G ).,.:SLS 5 00 (gilwonly (giluas lasme jo Wolayg, 989 5 (5,10 o e alie slogs lew (goxy slo Lad o
b sl oS (oS ©)goa 5 5 (WIS 8 slaals

DISTURBANCE SOURCES

Load Change Renewable
Fluctuation
Ak A
T Ny
Utility Grid ACBus \ )
Voltage Deviation
atAC Bus

| Local Loads
PV Array h El /ﬁ\ AC BUS VOLTAGE RESPONSE
C = _‘1_ 7 > _ .| REACTIVE POWER SUPPORT |

g f—- ——< - > 1.10 Disturbance

ST 2

E
3
=
-
@

LT

L) (Voltage Support)

Occurs
-
PV Inverter
BESS Inverters < | Qpy E 1.00
i3 ‘ = Je~-== T
4 [} ~ BESS Inverter 3
i 2 90
Qgess 3
8
e b s /
) | ®
EV Aggregator Inverters PR 1 IZI V2Gletter ™ o § o y
(v26) = | | Quae | 3 :
1 'E~ fr— - I | == With Support
ﬁ ] | ) ! 070 - -~ Without Support
i ( J
| vbusred 060 1 T T T T ]
' {mesnced) o 2 4 6 8 10 12 14 16
Power Flow i {-:} Voltage Controller Time (s)
~=-~ Control/ Signal Flow L - Monitor AC Bus Voltage | |
—=-- Disturbance * Detect Deviation ‘ Coordinated control and reactive power support from
——- Reactive Power Support * Compute Control Actions inverters (PV, BESS, V2G) help minimize voltage deviation
(to AC Bus) L and improve voltage recovery at the AC Bus.

Gl 5 el 303 1yl 93Ty olaf Sllungi gl g 51 Sl Jols 4K 59 5y 55l (soptehe S s(1) S

3o 03guze 43 jWg Lid> 53 (J S Ol 9 6551 jlwe 1SS (o i el
Figure (11): Conceptual structure of voltage stability in a microgrid, including load and generation changes, reactive power
fluctuations, bus voltage deviations, and the role of inverters, energy storage, and control equipment in maintaining voltage
within the allowed range.
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Figure (2-13): The main challenges and obstacles of implementing vehicle-to-network technology in microgrids.
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