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Abstrac t – Improve me nts in ba tte ry te c hnolog y ma ke  e le c tric  ve hic le s more  a nd more  suita ble  for the  use  a s 

e le c tric ity stora g e s. Ma ny be ne fits c ould be  a c hie ve d by using  e le c tric  ve hic le s for storing  e le c tric ity in the ir 

ba tte rie s. This pa pe r ta lks a bout the  ide a  of e le c tric  ve hic le s a s e le c tric ity stora g e s in e le c tric  powe r syste ms. 

The  ide a  ha s a  g re a t numbe r of supporte rs, but a lso  a  sig nific a nt pa rt of the  profe ssiona l c ommunity be lie ve s 

tha t is unfe a sible . This pa pe r is not c la ssifie d in e ithe r side  a nd strive s to  g ive  a  re a listic  pic ture  of this ide a . For 

this purpose , finding s from pa pe rs publishe d in sc ie ntific  journa ls a re  ma inly use d. The re  is a lso  some  informa tion 

from we bsite s, ma inly for some  te c hnic a l issue s. Pa rtly, the  opinions of the  a uthors a re  pre se nt. Spe c ific itie s of 

EVs a nd EPSs tha t e na ble d the  birth of this ide a  a re  e xpla ine d a long  with propose d c onc e pts throug h whic h the  

ide a  c a n be  imple me nte d. Ke e ping  with the  ve hic le  to  g rid c onc e pt, issue s a bout the  imple me nta tion of the  

ide a  a re  c onside re d. Ac hie ve me nts in the  pra c tic a l re a liza tion of the  ide a  a re  a lso  pre se nte d. 

Ke ywo rds: e le c tric ity, e le c tric  ve hic le s, stora g e s, V2G 

I. INTRODUCTION

The  pe o p le ’ s c o nsc ie nc e  a b o ut the  imp o rta nc e  o f a  mo re  ra tio na l use  o f e ne rg y inc re a se s e ve ry 
d a y. Ma ny e ffo rts a re  ma d e  to  find  so lutio ns tha t le a d  to  a  hig he r e ne rg y e ffic ie nc y a nd  to  a  la rg e r 
using  o f re ne wa b le  e ne rg y so urc e s. The  ma in d rive rs o f the se  c ha ng e s a re  c o nse q ue nc e s o f using  
fo ssil fue ls a s e ne rg y so urc e s. 

Po sitive  c ha ng e s a re  ha p p e ning  in the  tra nsp o rt se c to r a s we ll. One  o f the  mirro rs o f the se  c ha ng e s 
is a  sig nific a nt a wa ke ning  o f the  p ro d uc tio n a nd  using  o f e le c tric  ve hic le s (EVs). The y a re  la rg e ly 
d rive n b y a c hie ve me nts in EVs te c hno lo g y a nd  va rio us sub sid ie s. Ac hie ve me nts in EVs te c hno lo g y 
ma d e  EVs mo re  c o mpe titive  a nd  mo re  a p p e a ling  a s p ro d uc ts. Be sid e s tra d itio na l g o o d  
c ha ra c te ristic s (hig h e ne rg y e ffic ie nc y, lo w ma inte na nc e  c o sts, a nd  no t e mitting  e xha ust fume s), EVs 
to d a y ha ve  a  sig nific a ntly lo we r p ric e  a nd  a  la rg e r a uto no my. Ho we ve r, the  p ric e  a nd  the  a uto no my 
a re  still ma in o b sta c le s to  a  wid e r use  o f EVs. Affo rd a b le  EVs (up  to  EUR 30,000) ha ve  the  a uto no my 
o f le ss tha n 200 mile s (a b o ut 320 km) [1]. The se  o b sta c le s ke e p  the  numb e r o f EVs a t o nly a b o ut 3.2 
millio n [2]. It is a b o ut 0.25% o f wo rld  ve hic le  p o p ula tio n. Thus, a  he lp  o f EVs fo r a  ra tio na l use  o f e ne rg y 
in the  tra nspo rt se c to r is still ne g lig ib le .  

The  ma in c a use  o f the  sma ll use  o f EVs lie s in the  sto ring  o f e le c tric ity, i.e . in b a tte rie s. The  p ric e  o f 
b a tte ry in the  to ta l p ric e  o f a n EV p a rtic ip a te s in the  hig he st p e rc e nta g e  a nd  a n EV a uto no my 
d e pe nd s o n the  b a tte ry’ s c a p a c ity. One  o f the  so lutio ns tha t c o uld  mitig a te  the  hig h c o st o f EVs 
b a tte rie s c a n b e  the ir use  fo r o the r purp o se s, no t just fo r d riving . Ste ms fro m the  fa c t tha t EVs a re  mo st 
o f the  time  in a  sta nd b y mo d e  a nd  the ir b a tte rie s c a n sto re  a  sig nific a nt a mo unt o f e le c tric ity. 
The re fo re , EVs c a n b e  sig nific a nt e le c tric ity sto ra g e  re so urc e s. A fe w c o nc e pts a re  p ro p o se d , within 
whic h this o p p o rtunity c a n b e  e xp lo ite d . One  o f the  mo st c o mp re he nsive  c o nc e pts is the  Ve hic le  To  
G rid  (V2G ) c o nc e pt. This c o nc e pt e na b le s se nd ing  e le c tric ity fro m EVs b a tte ry into  the  g rid  a nd  vic e  
ve rsa . V2G  c o nc e pt wa s c re a te d  b y Ke mpto n a nd  Le te nd re  in 1997. [3]. 



Lo g istic s & Susta ina b le  Tra nsp o rt 

Vo l. 9, No . 2, Oc to b e r 2018, 57-72 

d o i: 10.2478/ jlst-2018-0010 

 

58 
 

The  intro d uc tio n o f EVs a s sto ra g e  re so urc e s in e le c tric  p o we r syste ms (EPSs) c o uld  o p e n the  d o o r 
to  ma ny b e ne fits. EPSs c o uld  o b ta in sto ra g e  c a pa c itie s o n the ir d isp o sa l, whic h c o uld  he lp  the m b e  
mo re  e ffic ie nt a nd  g re e ne r in the  p ro d uc tio n a nd  d istrib utio n o f e le c tric ity. It c o uld  a lso  he lp  the m 
tra nsfo rm the ir g rid  into  sma rt g rid s a nd  inte g ra te  a  la rg e r a mo unt o f e le c tric ity fro m re ne wa b le  
so urc e s. The  p ro d uc tio n o f re ne wa b le  so urc e s is a  hig hly va ria b le  a nd  unp re d ic ta b le , a nd  re q uire  
re c o urse s fo r sta b iliza tio n. On the  o the r ha nd , o wne rs o f EVs c o uld  b e ne fit fro m ma king  EVs a va ila b le  
fo r using  a s e le c tric ity sto ra g e s in e le c tric -p o we r syste ms. Tha t wo uld  re d uc e  c o sts o f b uying  EVs a nd  
inc re a se  the  numb e r o f EVs in use . In the  e nd , it wo uld  re sult in a  mo re  e ffic ie nt a nd  g re e ne r tra nsp o rt 
se c to r. 

Be c a use  o f suc h g re a t p o te ntia l, the  id e a  o f EVs a s e le c tric ity sto ra g e s in EPSs is the  to p ic  o f this 
p a p e r. We  e xp la in this id e a  a nd  g ive  a n o ve rvie w o f the  find ing s o f o the r a utho rs a b o ut the  id e a , 
fro m the  time  it wa s o rig ina lly o c c urre d  to  d a te . In a d d itio n, the  de ve lo pme nt o f this id e a  in p ra c tic e  
is fo llo we d . The  p a p e r is o rg a nize d  a s fo llo ws. The  se c o nd  c ha pte r c o nta ins the  b a c kg ro und  o f this 
id e a , i.e . the  fa c ts a b o ut EPSs a nd  EVs. The  third  c ha pte r e xp la ins the  c o nc e pts tha t inc lude  the  use  
o f EVs a s e le c tric ity sto ra g e s. The  fo urth c ha pte r p re se nts the  id e a  o f EVs a g g re g a tio n. The  fifth a nd  
sixth c ha pte r p re se nts o p p o rtunitie s a nd  thre a ts to  the  re a liza tio n o f the  id e a  o f EVs a s e le c tric ity 
sto ra g e s thro ug h the  V2G  c o nc e pt. The  se ve nth c ha pte r p re se nts p ilo t p ro je c ts d e d ic a te d  to  the  
re a liza tio n o f this id e a . The  c o nc lud ing  o b se rva tio ns a re  d isc usse d  in the  la st c ha pte r. 

II. BACKG ROUND 

A. EPS  

EPS is a  syste m within whic h e le c tric ity is p ro duc e d , b o ug ht, so ld , d istrib ute d  a nd  c o nsume d . 
Be c a use  e le c tric ity c a nno t b e  e a sily sto re d , the  e le c tric ity supp ly must c o ntinua lly ma tc h the  
d e ma nd  in a n EPS. Othe rwise , a n EPS c a nno t o p e ra te . The  c o mple xity o f EPS is furthe r inc re a se d  b y 
intro d uc ing  o f the  d e re g ula tio n in EPSs. Pro d uc tio ns, tra nsmissio n, d istrib utio ns, a nd  re g ula tio n a re  
d ivid e d  b e twe e n se p a ra te  e ntitie s in a  d e re g ula te d  EPS. Inste a d  o f o ne  sub je c t who  g o ve rn with a ll 
the se  a c tivitie s, the re  a re  fe w o f the m. In a  de re g ula te d  EPS, e le c tric ity d istrib utio n c o mp a nie s (EDC s) 
me e t de ma nd  fo r e le c tric ity in the  syste m, i.e . se ll the  e le c tric ity to  c o nsume rs. Pro d uc e rs o f e le c tric ity 
p ro d uc e  a nd  se ll e le c tric ity to  EDCs, o n a  who le  sa le  ma rke t. Re g ula to r c o nc e rns a b o ut the  sta b ility 
a nd  re lia b ility o f a n EPS.  

G e ne ra lly, a ll e ntitie s in a n EPS (EDCs, re g ula to r, e le c tric ity p ro d uc e rs) a re  invo lve d  in the  a lig nme nt 
o f e le c tric ity supp ly a nd  d e ma nd . This is a  p ro c e ss tha t is sta rte d  b y e le c tric ity p ro duc e rs, c o ntinue d  
b y EDCs a nd  e nd e d  b y a  re g ula to r. Usua lly, EDCs firstly b uy p o we r tha t sho uld  me e t the  e stima te d  
minimum d e ma nd  o f the ir c usto me rs (b a se  lo a d ) o ve r 24 ho urs o r lo ng e r. This po we r (b a se  lo a d  
p o we r) is p urc ha se d  we ll b e fo re  the  d e live ry a nd  fro m the  po we r p la nts tha t ha ve  lo w p ro d uc tio n 
c o sts (the rma l, hyd ro  a nd  nuc le a r po we r p la nts). The  p urc ha se  a nd  the  sa le  o f b a se  lo a d  p o we r a re  
re a lize d  thro ug h b ila te ra l a g re e me nts, o n the  who le  sa le  ma rke t. If it ha pp e ns tha t the  b a se -lo a d  is 
le ss tha n the  e stima te d , a n EDC must g e t rid  o f p o we r surp luse s. On the  o the r ha nd , to  b e ne fit la te r 
it ma y ha p pe n tha t a n EDC d e lib e ra te ly o rd e rs mo re  p o we r fo r b a se  lo a d  tha n it is e stima te d  to  b e  
ne e d e d . 

The  a lig nme nt p ro c e ss c o ntinue s during  the  p e a k p e rio d . One  p a rt o f the  d e ma nd  in this pe rio d , 
a n EDC c a n c o ve r muc h so o ne r a nd  with a  c he a p e r p o we r. Surp luse s o f suc h p ro c ure d  p o we r, the  
EDC c a n se ll o n the  d a y-a he a d  a nd  ho ur-a he a d  ma rke t. The  se c o nd  p a rt o f the  d e ma nd  in the  p e a k 
p e rio d , the  EDC c o ve rs b y p ro c uring  p o we r o n the  d a y-a he a d  ma rke t. The  misma tc h o c c urs 
a fte rwa rd , the  EDC a d d re sse s thro ug h b uying  o r se lling  po we r o n the  ho ur-a he a d  ma rke t. The  
re sulting  misma tc h is a d d re sse d  b y the  re g ula to r, thro ug h p ro vid ing  a nc illa ry se rvic e s. The  a lig nme nt 
p ro c e ss p re se nte d  b y no w is sho wn in the  fig ure  g ive n in [4]. 

The  re g ula to r c o ntinue s to  a lig n sup p ly a nd  d e ma nd  in ma ny wa ys. Amo ng  the m a re  a c tio ns 
kno wn a s lo a d  fo llo wing  a nd  re g ula tio n. Lo a d  fo llo wing  is ma tc hing  o f sup p ly a nd  d e ma nd  o n the  
inte rva l o f 5 to  15 minute s le ng th. Aims a t re d uc ing  the  d iffe re nc e  b e twe e n the  a ve ra g e  supp ly 
d uring  the  o ne -ho ur inte rva l (fo rme d  a fte r the  ho ur a he a d  a lig nme nt) a nd  the  d e ma nd  in the  
o b se rve d  inte rva l (e .g . in a n inte rva l o f 10 min lo ng ). Lo a d  fo llo wing  inc lud e s c a lc ula ting  the  
d iffe re nc e  b e twe e n supp lie d  e ne rg y a nd  the  re a lize d  d e ma nd  the m fo r the  p re vio us 10 min, a nd  
a c c o rd ing ly a d justing  p ro d uc tio n o f g e ne ra to rs fo r the  ne xt 10 min. The  re g ula to r a d justs (re d uc e s o r 
inc re a se s) the  p ro d uc tio n o f c e rta in g e ne ra to rs whic h a re  sc he dule d  fo r p ro d uc tio n, within the  
o b se rve d  ho ur. The se  g e ne ra to rs ne e d  to  ha ve  the  a de q ua te  ra mp ing  ra te , i.e . the  ra te  o f c ha ng e  
o f p o we r tha t is sup p lie d . In tha t wa y, the  re g ula to r a tte mpts to  fo llo w a  tre nd  in p o we r c o nsumptio n 
d uring  o ne -ho ur inte rva ls. 
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Afte r a pp lying  the  lo a d  fo llo wing  a c tio n, ma tc hing  o f p ro d uc tio n a nd  d e ma nd  is still ne e de d . To  
p ut the ir misma tc h in a llo we d  b o und a rie s, the  re g ula to r ma tc he s the m o n inte rva ls o f a  sma lle r 
le ng th. It is c a lle d  re g ula tio n. The  misma tc h o f sup p ly a nd  d e ma nd  is no w o b se rve d  a fte r e a c h 2-4 
se c o nds, thro ug h the  a re a  c o ntro l e rro r (ACE) [5]. ACE re p re se nts the  d iffe re nc e  b e twe e n the  
sc he d ule d  p o we r g e ne ra tio n a nd  the  re a lize d  d e ma nd  in the  o b se rve d  inte rva l. Ba se d  o n ACE, 
g e ne ra tio n o f c e rta in g e ne ra to rs a re  a uto ma tic a lly a d juste d  (d e c re a se  o r inc re a se ) e ve ry 2-4 
se c o nds. Ho we ve r, the ir re sp o nse s a re  muc h slo we r. The se  a d justme nts o f g e ne ra to rs a re  c a rrie d  o ut 
within the  syste m o f a uto ma tic  g e ne ra tio n c o ntro l (AG C). To  p a rtic ip a te  in the  AG C syste m, 
g e ne ra to rs ne e d  to  ha ve  the  rig ht e q uipme nt a nd  sa tisfy c e rta in re q uire me nts in te rms o f ra mp ing  
ra te s a nd  c a p a c ity. To  c a rry o ut re g ula tio n, g e ne ra to rs a lso  ne e d  to  b e  sc he dule d  fo r p ro d uc tio n 
d uring  a  d a y- o r ho urly- a he a d  a lig nme nt. G ive n the  te c hnic a l re q uire me nts, fo r re g ula tio n a re  
suita b le  g a s p o we r p la nts a nd  spe c ia l hyd ro  p o we r p la nts. Re g ula tio n a nd  lo a d  fo llo wing  a re  usua lly 
p ro vid e d  b y g e ne ra to rs tha t a re  o n the  ma rg in o f the  e c o no mic a l e le c tric ity p ro d uc tio n [6]. 

The re fo re , re g ula tio n is use d  to  c o rre c t the  c urre nt misma tc h. Lo a d  fo llo wing  is use d  to  c o rre c t the  
e stima te d  misma tc h o f e le c tric ity supp ly a nd  d e ma nd . Lo a d  fo llo wing  re p re se nts a  slo we r, whe re a s 
re g ula tio n re p re se nt fa ste r a lig nme nt [6]. Ho we ve r, the y a re  d ire c tly c o nne c te d . The  la rg e r inte rva l 
fo r lo a d  fo llo wing  is use d , the  la rg e r misma tc h ne e ds to  b e  c o rre c te d  with re g ula tio n a nd  vic e  ve rsa  
[7]. He nc e , syste ms witho ut lo a d  fo llo wing  a re  a lso  p o ssib le . Misma tc he s tha t still e xist a fte r the  
re g ula tio n must b e  within the  p re sc rib e d  b o und a rie s. Lo a d  fo llo wing  a c tio n a nd  re g ula tio n a c tio n 
a re  g ra p hic a lly p re se nte d  in [8]. 

The  re g ula to r is a lso  re spo nsib le  fo r a d d re ssing  the  misma tc h b e twe e n sup p ly a nd  d e ma nd  whic h 
o c c urs a s a  re sult o f a n une xpe c te d  re d uc tio n in supp ly. Mo re  p re c ise ly, in situa tio ns whe n 
une xpe c te d  e ve nts c a use d  fa ilure s o n a  g e ne ra to r o r o n e q uipme nt. The  re g ula to r a d d re sse s this 
type  o f misma tc h b y using  va rio us type s o f re se rve s. He nc e , the  re lia b ility o f a n EPS is d ire c tly 
d e pe nd e nt o n the  c a pa c ity o f the se  re se rve s. Amo ng  the  ne c e ssa ry re se rve s a re  sp inning  re se rve . 
Sp inning  re se rve  re p re se nts the  unuse d  p ro d uc tio n c a p a c ity o f the  g e ne ra to rs tha t a re  sc he dule d  
fo r p ro d uc tio n, i.e . whic h a re  c o nne c te d  to  the  g rid . The se  g e ne ra to rs me e t a lso  a p p ro p ria te  
re q uire me nts in te rms o f ra mp ing  ra te s. 

All thre e  me ntio ne d  a c tio ns (lo a d  fo llo wing , re g ula tio n a nd  sp inning  re se rve ) re q uire  ke e p ing  a  
c e rta in a mo unt o f p ro d uc tio n c a pa c ity a t sc he d ule d  g e ne ra to rs o n sta nd b y. Mo re  p re c ise ly, a t 
g e ne ra to rs tha t a re  c o nne c te d  to  the  g rid  in the  o b se rve d  ho ur a nd  me e t c e rta in te c hnic a l 
re q uire me nts fo r the se  a c tio ns. Prima rily, the se  re q uire me nts a re  re fe rre d  to  the  ra mp ing  ra te , up - 
a nd  d o wn-c a p a c ity. The  d iffe re nc e  b e twe e n the  sc he d ule d  le ve l o f a  g e ne ra to r’ s p ro d uc tio n a nd  
its minimum a llo wa b le  p ro d uc tio n re p re se nts g e ne ra to r’ s d o wn-c a p a c ity a t so me  mo me nt. The  
d iffe re nc e  b e twe e n the  ma ximum le ve l a nd  the  sc he d ule d  le ve l o f a  g e ne ra to r’ s p ro d uc tio n is up -
c a p a c ity o f the  g e ne ra to r. Ra mp  ra te  a nd  g e ne ra to r’  c a pa c itie s a re  g ra p hic a lly g ive n in [8]. 

It is c le a r tha t fo r sp inning  re se rve  is o nly imp o rta nt the  up -c a p a c ity. Whe n the re  is no  e no ug h 
unuse d  c a pa c ity a t g e ne ra to rs, the  c a p a c ity c a n b e  p ro vide d  thro ug h d ire c t lo a d  c o ntro l (DLC). 
DLC a llo ws the  g e ne ra to r to  re duc e  the  c o nsumptio n o f c o nsume rs who  pa rtic ip a te  in DLC p ro g ra m. 
By using  DLC , the  re g ula to r p ra c tic a lly o b ta ins a  g e ne ra to r with a  c a pa c ity e q ua l to  the  p o ssib le  
e ne rg y re d uc tio n.  

In a  d e re g ula te d  EPS, the  re g ula to r c a nno t o rd e r to  g e ne ra to rs to  le a ve  a  c e rta in a mo unt o f 
unuse d  c a pa c ity. Inste a d  o f tha t, the  re g ula to r ne e d s to  p ro vid e  the  a d e q ua te  c o mpe nsa tio n to  
g e ne ra to rs fo r the  le ft c a p a c ity. Re g ula to r c o ve rs the se  c o sts b y c ha rg ing  EDCs fo r p ro vide d  a c tio ns. 
Re g ula to r’ s a c tio ns whic h le a d  to  the  ma tc hing  e le c tric ity sup p ly a nd  de ma nd  a nd  g e ne ra lly to  the  
sta b ilizing  EPS a re  c a lle d  a nc illa ry se rvic e s. Fo r e a c h o f the  se rvic e s, the  re g ula to r fo rms the  ma rke t 
whe re  g e ne ra to rs c o mpe te  to  p a rtic ip a te  in p ro vid ing  the se  se rvic e s.  

This c o mpe titio n fo r lo a d  fo llo wing  a nd  re g ula tio n se rvic e s is re a lize d  in the  fo rm o f a uc tio n. 
Auc tio ns a re  he ld  a fte r the  e nd  o f tra d ing  o n the  d a y- a nd  ho ur- a he a d  ma rke t, b e c a use  o nly the  
g e ne ra to rs whic h a re  sc he dule d  in the  g ive n ho ur c a n c o mpe te  fo r p ro vid ing  the se  se rvic e s. 
G e ne ra to rs b id  p ric e  fo r a  c a p a c ity a nd  fo r a  p ric e  fo r sup p lie d  e le c tric ity. The  se le c tio n o f the  
g e ne ra to r is c a rrie d  o ut b y the  me tho d  o f c le a ring  p ric e s. All g e ne ra to rs se le c te d  o n a uc tio n, re c e ive  
the  a g re e d  p a yme nt fo r the  p ro vide d  c a p a c ity (p ric e  time s c a p a c ity time s time ) b y the  re g ula to r. 
The  p a yme nt fo r supp lie d  e le c tric ity d e p e nd s o n a  supp lie d  e le c tric ity d uring  p ro vid ing  se rvic e s. 
Putting  a side  a  p a rt o f the  c a p a c ity re q uire d  fo r the se  se rvic e s (inste a d  o f using  it fo r e ne rg y 
p ro d uc tio n), ma y c a use  o p p o rtunity c o sts a t the  g e ne ra to rs whic h p ro vid e  the se  se rvic e s.  

The  re q uire d  a mo unt o f c a p a c ity fo r e a c h o f the se  o pe ra to r’ s a c tio ns c a n b e  de fine d  in a  syste m. 
The  re q uire d  c a p a c itie s a re  d e fine d  in re la tio n to  the  ma ximum e stima te d  lo a d s during  the  d a y, the  
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e xpe rie nc e  fro m the  p re vio us d a y/ ho ur, e tc . The  g ra p hic a l e xa mple  o f the  sc he d ule  o f a  g e ne ra to r’ s 
c a p a c ity fo r so me  a c tio ns is g ive n in [8].    

Wha t se rvic e s a re  c o unte d  in a nc illa ry se rvic e s, d e p e nd s o n the  EPS. In a d d itio n to  the  a b o ve  
d e sc rib e d , Kirb y [9] a s imp o rta nt lists a lso  no n-sp inning  re se rve , sup p le me nta l o r re p la c e me nt re se rve , 
vo lta g e  supp o rt a nd  b la c k sta rt. Fo r this p a pe r, p rima rily is imp o rta nt to  und e rsta nd  ho w the  b a se -
lo a d  p o we r, p o we r d uring  a  pe a k o f c o nsumptio n, lo a d  fo llo wing  a nd  re g ula tio n a re  p ro vide d . It is 
imp o rta nt to  sa y tha t he re  d e sc rib e d  wa y o f p ro vid ing  the m is no t unive rsa l. It is mo re  o r le ss d iffe re nt 
fro m EPS to  EPS. The  he re  p re se nte d  wa y is the  c lo se st to  the  wa y o f p ro vid ing  the m in EPSs in the  
Unite d  Sta te s. In Euro p e , the re  a re  c o unte rp a rts to  the  re g ula tio n a nd  lo a d  fo llo wing  in the  fo rm o f 
the  first, the  se c o nd  a nd  the  third  c o ntro l. Mo re  a b o ut the  func tio ning  o f EPSs in Euro p e  c a n b e  fo und  
in [10]. 

B. EVs 

Plug -In Hyb rid  Ele c tric  Ve hic le s (PHEVs) a nd  Ba tte ry Ele c tric  Ve hic le s (BEVs) a re  c o nsid e re d  a s EVs 
in this p a pe r. Bo th type s c a n b e  c o nne c te d  to  the  e le c tric a l g rid  (g rid ). Unlike  BEVs tha t use  o nly 
e le c tric ity fro m b a tte rie s, PHEVs ha ve  the  p o ssib ility o f using  fo ssil fue ls a s we ll. Ho we ve r, the  a ve ra g e  
c a p a c ity o f BVs b a tte rie s is hig he r c o mp a re d  to  PHEVs b a tte rie s. The  b a tte rie s o f EVs a re  usua lly 
lithium-io n. To  a  le sse r e xte nt a re  p re se nt a lso  NiMH (mo re  o fte n in PHEVs). Lithium-io n b a tte rie s ha ve  
a n a dva nta g e  o ve r the  o the rs type s o f b a tte ry b e c a use  o f its lo w we ig ht, hig h e ne rg y d e nsity a nd  
lo w e nviro nme nta l impa c t (a lmo st a ll p a rts c a n b e  re c yc le d ). Be c a use  o f a ll the se  a dva nta g e s, 
lithium-io n b a tte rie s a lso  c o st mo re  tha n o the r b a tte rie s [11]. 

In a d d itio n to  the  b a tte ry, EVs a lso  ne e d  c ha rg e rs. The  ma in ro le  o f c ha rg e s is to  c o nve rt AC p o we r 
to  DC [12]. To d a y, mo st EVs c o me s with c ha rg e rs c usto mize d  to  the  ho me  c ha rg ing  (ma x 16A with 
230V, a c c o rd ing  to  the  Euro pe a n sta nd a rd  o f ho use ho ld  p lug s). He nc e , the ir c o nne c tio n c a p a c ity 
is a b o ut 3.3 kW [13]. In this c a se , the  e stima te d  c ha rg e  time  o f 22 kWh b a tte ry is a p p ro xima te ly 8 
ho urs. A fa ste r c ha rg ing  with the  sta nd a rd  re sid e ntia l insta lla tio n c a n b e  a c hie ve d  with the  thre e -
p ha se  c urre nt. Fo r tha t p ro p o se , a n o nb o a rd  o r o ff-b o a rd  thre e -p ha se  c ha rg e r is ne e d e d . The  
c o nne c te d  c a p a c ity a nd  the  spe e d  o f c ha rg ing  a re  the n thre e  time s la rg e r tha n in the  p re vio us 
c a se . 

Fo r a  fa ste r c ha rg ing  o f a b o ve  me ntio ne d , it is ne c e ssa ry to  ha ve  e le c tric ity with a  hig he r 
a mpe ra g e  o r a  hig he r vo lta g e , o r b o th. This c a n b e  a c hie ve d  in ind ustria l p la nts o r b y insta lling  
sp e c ia l c ha rg ing  sta tio ns a t ho me  o r a t pub lic  p la c e s. Suc h sta tio ns usua lly inc lude  a  suita b le  b a tte ry 
c ha rg e r. Fa ste r c ha rg e rs a re  no t p a rt o f EVs d ue  to  the ir size  a nd  ma ss, whic h a re  la rg e r in the  c a se  
o f a  la rg e r c ha rg ing  c a pa c ity. Curre ntly, the  fa ste st c ha rg ing  is a c hie va b le  a t c ha rg ing  sta tio ns o f 
Te sla  Mo to rs Co mpa ny (a c c o rd ing  to  the  sta te me nts o f this c o mp a ny). Co nne c tio n c a p a c ity a t the ir 
sta tio ns is 120 kW [14]. 

Cha rg e rs a re  a d juste d  to  the  sta nd a rd s tha t re g ula te  c ha rg ing  EVs b a tte rie s a t so me  ma rke t. The se  
sta nd a rd s pre sc rib e  the  p o ssib le  wa ys o f c ha rg ing  (c o nne c tio n vo lta g e  a nd  a mp e ra g e ) a nd  
te c hnic a l a nd  se c urity se tting s fo r e a c h o f wa ys. In the  Unite d  Sta te s, thre e  d iffe re nt wa ys (le ve ls) o f 
c ha rg ing  a re  d e fine d  thro ug h the  sta nd a rd  SAE J1772. This sta nd a rd  p re sc rib e s the  re q uire d  
e q uip me nt fo r EV, Ele c tric  Ve hic le  Sup p ly Eq uipme nt (EVSE), c o nne c to rs, c ha rg e r ra ting s a nd  sa fe ty 
[15]. In the  EU the  sta nda rd  IEC 62196 is use d  fo r tha t purp o se . It de fine s thre e  mo de s o f c ha rg ing  
(Ta b le  1). 

Ta b le  1. IEC 62196 EV Cha rg ing  Mo d e s [16] 
Cha rg ing  Mo d e  Ra ting s  Sta tus  

Mo d e  1  
(Sta nd a rd  AC so c ke ts) 

250 VAC , 4 kW @  16 a mp  
480 VAC , 7.7 kW @  16 a mp  

Esta b lishe d  

Mo d e  2  
(Sta nd a rd  AC so c ke ts) 

250 VAC , 8 kW @  32 a mp   
480 VAC , 15.4 kW @  32 a mp  

Esta b lishe d  

Mo d e  3 (d e d ic a te d   
AC EVSE) 

250 VAC , 8-62.5 kW @  32 to  250 a mp   
480 VAC , 15-80+ kW @  32 to  250 a mp   
(with c o mmunic a tio n wire ) 

Esta b lishe d  

Mo d e  4 (d e d ic a te d   
DC EVSE) 

250-480 VDC , 80+ kW @  up  to  400 a mp   

(with c o mmunic a tio n wire ) 

Esta b lishe d  
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The  ra te  o f the  b a tte ry c ha rg ing  d e pe nd s o n ho w muc h the  b a tte ry is a lre a d y c ha rg e d , i.e . o n the  
b a tte ry’ s SOC (sta te  o f c ha rg e ). As the  b a tte ry’ s SOC is inc re a se d , the  ra te  o f c ha rg ing  d ro p s. Whe n 
SOC e xc e e d s 50%, the  ra te  is sig nific a ntly re duc e d . Whe n SOC is o ve r 80%, the  ra te  is sig nific a ntly 
sma lle r. He nc e , the  c ha rg ing  o ve r 80% o f SOC is no t re c o mme nde d . So me  c ha g rining  sta tio ns 
inte rrupt c ha rg ing  a t 80% c o ve ra g e , b y the mse lve s [17]. 

A c ha ra c te ristic  o f a  b a tte ry tha t is o f p a rtic ula r imp o rta nc e  fo r use rs is the  b a tte ry life time . Fro m 
the  d a y o f p ro d uc tio n, b a tte ry life time  is spe nt. Tha t p ro c e ss is c o mmo nly re fe rre d  to  a s d e g ra d a tio n. 
Li-io n b a tte rie s a re  de e me d  to  b e  a t the  e nd  o f the ir life , i.e . to  b e  c o mple te ly d e g ra d e d  whe n the y 
ma x SOC d ro p s b e lo w the  80% [18]. The  d e g ra da tio n o f the  b a tte ry is p rima rily a  c o nse q ue nc e  o f 
b a tte ry c ha rg ing  a nd  d isc ha rg ing . This is a n irre ve rsib le  c he mic a l re a c tio n in whic h the  inte rna l 
re sista nc e  o f the  b a tte ry inc re a se s a nd  thus the  use ful b a tte ry c a p a c ity is a lso  re d uc e d  [19]. The  
b a tte ry life time  is a lso  a ffe c te d  b y a  hig h le ve l o f SOC , d e p th o f d isc ha rg e  (Do D), te mp e ra ture , 
vo lta g e , a nd  b y the  time  [20].  

The  g ua ra nte e d  life time  o f EV b a tte rie s c a n b e  e xp re sse d  in a  numb e r o f c ha rg e -d isc ha rg e  c yc le s, 
a  numb e r o f kilo me te rs o r ye a rs. Ho we ve r, fo r a ll type s o f b a tte rie s is c o mmo n to  e xp re ss the  life  in 
the  numb e r o f c ha rg e  a nd  d isc ha rg e  c yc le s (c yc le s). As it is no t c le a rly d e fine d  wha t c o nstitute s a  
c ha rg ing -d isc ha rg ing  c yc le , the  g ua ra nte e d  numb e r o f c yc le s a re  g ive n fo r a  c e rta in a ve ra g e  Do D 
[21]. The  ma jo rity o f EV b a tte rie s a re  g ua ra nte e d  to  8-10 ye a rs o r 160 000 km o f use  [22]. Be c a use  o f 
the  ra p id  te c hno lo g ic a l p ro g re ss, the ir life time  is inc re a se d  ra p id ly. Fo r e xa mple , Thund e r Sky Ene rg y 
G ro up  o ffe rs b a tte rie s ha ving  a  life time  o f 5000 c ha rg e  c yc le s a t a n a ve ra g e  Do D o f 80% o r 7000 
c ha rg e  c yc le s a t a n a ve ra g e  Do D o f 70% [23]. It is 2000 c yc le s mo re  tha n in b a tte rie s the y p ro d uc e d  
in 2007. The  stro ng  g ua ra nte e  ha s 85 kWh b a tte ry o f Te sla  S mo d e l, whic h is 8 ye a rs a nd  a n unlimite d  
numb e r o f kilo me te rs [24]. 

C. The  Inte g ra tio n o f EVs in EPS 

The  intro d uc tio n o f a  la rg e  numb e r o f EVs in EPS a s c o nsume rs wo uld  le a d  to  sig nific a nt p ro b le ms 
in e le c tric ity supp ly a nd  fo r a  lo ng e r pe rio d  wo uld  no t b e  susta ina b le . The  UK De p a rtme nt o f Tra nsp o rt 
a nd  the  Ro ya l Ac a d e my o f Eng ine e ring  e stima te d  in 2007 tha t if the  UK re p la c e s a ll tra d itio na l 
ve hic le s with EVs, the  d e ma nd  fo r e le c tric ity is inc re a se d  b y 16%. In the  USA, tha t inc re a se  is 15% fo r 
the  sa me  situa tio n [25]. 

Ho we ve r, a  b ig g e r numb e r o f EVs d o e s no t ne c e ssa rily re q uire  the  inc re a se  o f e le c tric ity p ro duc tio n 
a nd  d istrib utio n c a p a c ity (up  to  a  c e rta in numb e r o f EVs). It c a n b e  a vo id e d  b y sma rt ma na g ing  o f 
EVs b a tte rie s c ha rg ing . The  intro duc tio n o f a n EV in the  Da nish EPS c o sts 263 EUR /  ye a r in fre e  c ha rg e  
mo d e , whe re a s in a  sma rt p la n o nly 36 EUR /  ye a r [26]. The  simp le st wa y o f sma rt ma na g ing  o f the  
b a tte ry c ha rg ing  is to  c ha rg e  the  b a tte ry o ve rnig ht. By b a tte ry c ha rg ing  within a  d e ma nd  sid e  
ma na g e me nt, the  o wne rs o f EVs a nd  EPS c a n a c hie ve  e ve n g re a te r b e ne fits. EV o wne rs o b ta in a  
mo re  a ffo rd a b le  e le c tric ity sup p ly; EPS o b ta ins a  re so urc e  with a  c e rta in up -c a p a c ity. 

The  e sse nc e  o f the  e xisting  p ro g ra ms, whic h e na b le  a  sma rt ma na g e me nt o f EVs b a tte ry c ha rg ing  
is to  p ro vid e  a  c he a pe r e le c tric ity supp ly to  use rs a nd  a  le sse r lo a d  d uring  p e a k ho urs fo r EDCs. 
The re fo re , the y se e  EVs a s a ny o the r a p p lia nc e s. Ho we ve r, the re  a re  c o nc e pts whic h p ro vid e  fo r the  
inte g ra tio n o f EVs in EPSs a s re so urc e s. The se  c o nc e pts p ro vide d  fo r e ve n g re a te r b e ne fits fo r the  
EDCs a nd  fo r o wne rs o f EVs. The y a re  b a se d  o n utiliza tio n o f the  p o ssib ility o f sto ring  a  la rg e r a mo unt 
o f e le c tric a l e ne rg y in b a tte rie s o f EVs. 

III. CONCEPTS OF INTEG RATION EVS AS ELECTRICITY STORAG ES IN EPSS 

The  use  o f EVs a s e le c tric ity sto ra g e s in EPSs c a n b e  e nsure d  thro ug h se ve ra l c o nc e pts. So me  o f 
the  mo st imp o rta nt a re  V2G , Ve hic le  To  Ho me  (V2H), Ve hic le  To  Build ing  (V2B) a nd  G rid  To  Ve hic le  
(G 2V). 

3.1 V2H 

V2H c o nc e pt invo lve s the  use  o f e le c tric ity fro m the  b a tte ry EVs fo r sup p lying  ho use ho ld  e le c tric  
a p p lia nc e s. Mo re  p re c ise ly, using  e le c tric ity fro m EVs tha t is no t ne e de d  fo r d riving  a nd  a t the  time  
whe n EV is a t ho me . The  ma in b e ne fit o f this c o nc e pt lie s in a c hie ving  c o st sa ving s fo r EV o wne r. The  
o wne r o f EV ha s the  o pp o rtunity to  sto re  e le c tric ity in EV b a tte ry in the  p e rio d  whe n e le c tric ity is 
c he a p  a nd  use d  in p e rio d s whe n e le c tric ity is e xp e nsive . In a d d itio n, it a llo ws the  o wne r o f EV to  
inc re a se  the  se c urity o f its e le c tric ity supp lying . If the re  is a n inte rruptio n in e le c tric ity sup p lying , 
e le c tric ity fro m EV b a tte ry c a n b e  use d  fo r sup p lying  ho use ho ld  e le c tric  a p p lia nc e s. A 24 kWh (100-
mile  ra ng e ) EV b a tte ry c a n p ro vid e  a n ind ividua l ho use ho ld  with e le c tric ity fo r 2 ho urs [27]. 
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A sp e c ia l b e ne fit o f this c o nc e pt ma y ha ve  the  o wne rs o f EVs tha t a lso  o wn a  re ne wa b le  e ne rg y 
so urc e . As the se  so urc e s a re  mo stly PV p a ne ls o n ro o fs, EV b a tte ry c a n b e  use d  fo r sto ring  a  surp lus 
o f e le c tric ity tha t c o me s fro m the  PV p a ne ls. This sto re d  e ne rg y c a n p ro vid e  sig nific a nt c o st sa ving s 
if it is use d  whe n p ro d uc tio n o f the  p a ne ls is de c re a se d  o r d uring  the  e ve ning  pe a k ho urs. V2H 
c o nc e pt c a n b e  imp le me nte d  thro ug h the  c o nc e pt o f sma rt ho me s. It c a n he lp  a  c o nc e pt o f sma rt 
ho me s fa c e  o ne  o f ma in c ha lle ng e  – p ro vid ing  a  sto ra g e  fo r e le c tric ity. 

Amo ng  the  first c o mp a nie s tha t e nte re d  the  V2H b usine ss a re  Mitsub ishi with MiEV Po we r Bo x a nd  
Nissa n with the  Le a f-2-Ho me  e ne rg y sta tio n [27]. Bo th p ro d uc ts a re  la unc he d  in Ja pa n in 2012. The  
to ta l p o we r o f e le c tric ity whic h c a n p ro vid e  MiEV Po we r Bo x is 1.5 kW, a nd  Le a f-2-Ho me  c a n p ro vide  
the  p o we r o f 6 kW [28, 29]. Ma ny c o mp a nie s fro m o the r fie ld s, a lso  inve st in R&D with the  a im o f 
ma king  EVs b a tte rie s mo re  suita b le  fo r no n-d riving  p urp o se s. Amo ng  the m a re  ma nufa c ture rs o f 
b a tte rie s, ma nufa c ture s o f EVs a nd  e tc . 

V2H c o nc e p t a llo ws the  use  o f e le c tric ity ne a r its so urc e . This ma ke s V2H c o nc e pt e ffic ie nt b e c a use  
the re  a re  no  la rg e  lo sse s c a use d  b y the  e le c tric ity tra nsmissio n. Re a liza tio n o f V2H c o nc e pt d o e s no t 
re q uire  muc h o f e le c tric  a nd  c o mmunic a tio n e q uipme nt. In the  c a se  o f a  sma rt ho use , a  c e ntra l 
c o ntro lle r ma na g e s EV b a tte ry using . The re fo re , huma n a c tivity in the  re a liza tio n o f V2H c o nc e pt is 
a lmo st ne g lig ib le  [30]. Ma na g ing  with EV b a tte ry fro m the  ho me  is a  sig nific a nt a d va nta g e  o f this 
c o nc e pt [27]. Ma inly, b e c a use  the  ne e d  fo r d ire c t inte rfa c e s b e twe e n EVs a nd  the  g rid  is a vo ide d . 
Furthe r, the  re g ula tio n o f p ro p e rty rig hts a nd  the  le g a liza tio n o f suc h e le c tric a l sup p lying  is fa c ilita te d . 

3.2 V2B 

As in the  c a se  o f a  ho me , EVs c a n b e  use d  fo r e le c tric ity sup p lying  o f b usine ss b uild ing s. This 
c o nc e pt is kno wn a s V2B c o nc e pt. Ho we ve r, the re  a re  so me  d iffe re nc e s b e twe e n V2H a nd  V2B 
c o nc e pt. V2B c o nc e pt invo lve s a  la rg e r numb e r o f ve hic le s, i.e . re q uire s ma na g e me nt o f c ha rg ing  
a nd  d isc ha rg ing  a  la rg e r numb e r o f ve hic le s a t the  sa me  time . EVs invo lve d  in V2B c o nc e pts c a n b e  
the  p ro pe rty o f the  sa me  o wne r a s the  b uild ing . This is the  c a se  o f c o mp a nie s with EVs in the ir fle e ts. 
Ano the r o p tio n is tha t EVs invo lve d  in V2B c o nc e pt a re  a  p ro p e rty o f na tura l p e rso ns. In tha t c a se , 
the  o wne rs o f EVs p a rtic ip a te  in V2B c o nc e pts o f b uild ing s in whic h the y wo rk, stud y, d o  sho p p ing , 
re sting , e tc . 

This c o nc e pt c a n b e  e c o no mic a lly fe a sib le  in the  e le c tric  p o we r ma rke ts whe re  me d ium a nd  la rg e  
o rg a niza tio ns a re  e nc o ura g e d  to  sub sc rib e  to  a  c e rta in a mo unt o f e ne rg y [31]. In this c a se , EVs c a n 
b e  e xtre me ly use ful whe n the  o rg a niza tio n ne e ds mo re  e ne rg y tha n it o rd e re d  fro m EDC. By using  
EVs in the se  situa tio ns, a n o rg a niza tio n a vo id s hig h p e na ltie s fo r using  a n a d d itio na l e le c tric ity. Co st 
sa ving s a re  no t the  ma in re a so n fo r the  imp le me nta tio n o f V2B c o nc e pt [30]. Be fo re  the m, it is 
e nsuring  a  b a sic  func tio ning  o f a  b uild ing  d uring  a  p e rio d  o f une xpe c te d  inte rruptio n in the  e le c tric ity 
supp ly. 

Simila r to  V2H, ma ny b e lie ve  tha t it is mo re  re a listic  to  e xpe c t fro m V2B c o nc e pt to  b e c o me  a  
re a lity b e fo re  the  V2G  c o nc e pt. The  ma in re a so n is a  lo we r imp le me nta tio n c o sts o f V2B c o nc e p t, 
c o mp a re d  to  the  imp le me nta tio n c o sts o f V2G  c o nc e pt. As fa r a s the  a utho rs o f this p a pe rs kno wn, 
this c o nc e pt is still no t p re se nt in p ra c tic e . Tho ug h, Nissa n suc c e ssfully te ste d  V2B c o nc e pt in 2013. In 
tha t e xpe rime nt, six Nissa n Le a f ve hic le s sup p lie d  the  Offic e  o f the  Nissa n Ad va nc e d  Te c hno lo g y 
Ce nte r in Atsug i C ity, Ja p a n [32]. 

3.3 G 2V 

Vie we d  b ro a d ly, G 2V c o nc e pt (unid ire c tio na l V2G ) is no thing  mo re  tha n c ha rg ing  b a tte rie s with 
e le c tric ity fro m the  g rid . Ho we ve r, it a c tua lly re p re se nts sma rt sto ring  e le c tric ity fro m the  g rid  to  
b a tte rie s o f EVs. Suc h sto ring  p ro vide s b e ne fits to  EDCs a nd  EVs o wne rs. First o f a ll, G 2V c o nc e pt 
imp lie s c ha rg ing  b a tte rie s d uring  pe rio d s o f a  lo we r lo a d  (e .g . o ve rnig ht). In this se nse , c o rre sp o nd s 
to  DLC p ro g ra m. Ho we ve r, the  lo a d  fo llo wing , re g ula tio n a nd  sp inning  re se rve  se rvic e s c a n a lso  b e  
p ro vid e d  thro ug h G 2V c o nc e pt. Se nd ing  p o we r to  the  g rid  (up -c a p a c ity) is simula te d  b y re d uc tio n 
o f the  a mo unt o f e le c tric ity tha t EVs use  during  c ha rg ing  b a tte rie s [33]. Furthe rmo re , G 2V c o nc e pt 
e na b le s p a rtic ip a ting  in the  p ro c e ss o f va lle y filling . 

This c o nc e pt d o e s no t re q uire  up g ra d ing  the  e xisting  e le c tro  infra struc ture , e xc e p t insta lling  
c o mmunic a tio n e q uipme nt. He nc e , imp le me nting  o f G 2V c o nc e pt ma y b e  the  first ste p  to wa rd s the  
e sta b lishme nt o f V2G  c o nc e pt [34]. It c a n he lp  d isc o ve ring  c ha lle ng e s tha t o pe ra ting  o f V2G  
c o nc e pt b e a rs. G 2V c o nc e pt d o e s no t imp ly a  d e g ra d a tio n o f the  b a tte ry c a use d  b y a n a d d itio na l 
c yc ling  a nd  c a n b e  imp le me nte d  within the  sta nd a rd  J1772 [35]. On the  o the r ha nd , G 2V c o nc e pt 
d o e s no t e xp lo it a ll p o ssib ilitie s o f EVs a s e le c tric ity sto ra g e s. As it e na b le s o nly the  o ne  d ire c tio n flo w 
o f e le c tric ity, c a p a c ity fo r p ro vid ing  a nc illa ry se rvic e s thro ug h this c o nc e pt is sig nific a ntly lo we r. 
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3.4 V2G 

V2G  c o nc e pt e na b le s the  b ig g e st utiliza tio n o f o p p o rtunitie s tha t EVs a s e le c tric ity sto ra g e s in EPSs 
c a n p ro vid e . First o f a ll, this is d ue  to  the  p o ssib ility o f d riving  e le c tric ity fro m EVs b a tte rie s to  the  g rid  
tha t this c o nc e pt e nsure s. Ke mpto n a nd  Le te nd re  [3] first ind ic a te  this p o ssib ility. La te r, Ke mpto n e t 
a l. [36] intro d uc e  the  te rm V2G  in 2001 (to  the  b e st kno wn to  the  a utho rs o f this p a pe r). The y d e fine  
V2G  a s "using  the  e le c tric  sto ra g e  a nd / o r g e ne ra tio n c a p a c ity o f b a tte ry, hyb rid  a nd  fue l c e ll 
ve hic le s to  se nd  p o we r to  the  g rid ." 

By intro duc ing  the  c o nc e pt o f V2G , Ke mpto n e t a l. [36] a lso  d e fine  wha t is fe a sib le  to  d o  within 
tha t c o nc e pt. The y p o int o ut a s fe a sib le  p ro vid ing  p e a k po we r, re g ula tio n, a nd  sp inning  re se rve . A 
simila r o p inio n is va lid  the se  d a ys. He nc e , whe n the  a p p lic a tio n o f this c o nc e pt is c o nsid e re d  it 
p rima ry inc lud e s p e a k p o we r, re g ula tio n, a nd  sp inning  re se rve . The re  is a  d ile mma  a b o ut the  
fe a sib ility o f p ro vid ing  the  p e a k p o we r. Pro vid ing  the  b a se -lo a d  p o we r is still c o nsid e r a s unfe a sib le , 
b e c a use  o f the  lo w p ric e s fo r this po we r o n the  ma rke t. The  fe a sib ility o f p ro vid ing  re g ula tio n a nd  
sp inning  re se rve  is a  c o nse q ue nc e  o f o b ta ining  p a yme nt fo r b e ing  a va ila b le , i.e . fo r a  p ro vid ing  
c a p a c ity (in a d d itio n to  the  p a yme nt fo r d e live re d  kWh) [36]. 

Pro vid ing  lo a d  fo llo wing  se rvic e  tro ug h V2G  c o nc e pt is no t c o nsid e re d  in the  lite ra ture , a s fa r a s 
the  a utho rs o f this p a pe r kno wn. Autho rs o f V2G  c o nc e pt me ntio n it in [37], a s a  se rvic e  tha t o ve rla p s 
o r c o mp le me nts re g ula tio n se rvic e  b y a  slo we r a d justing  o f e le c tric ity g e ne ra tio n. The y sta te  tha t 
a ltho ug h it ma y b e  fe a sib le  to  p ro vid e  tha t se rvic e , the y do  no t c o nsid e r it. An e xc e p tio n in the  
lite ra ture  ma y b e  ma d e  in [10]. Autho rs o f tha t pa p e r c o nside r the  fe a sib ility o f EVs fo r p ro vid ing  the  
se c o nd  a nd  third  fre q ue nc y c o ntro l, whic h c a n b e  id e ntifie d  a s lo a d  fo llo wing . Pa p e rs ma inly d isc uss 
the  fe a sib ility o f using  EVs fo r p ro vid ing  b a se -lo a d  p o we r, p e a k p o we r, re g ula tio n, a nd  sp inning  
re se rve . 

V2G  c o nc e pt wa s no t so  muc h p re se nt in the  lite ra ture  until re c e nt ye a rs. The  d e ve lo p me nt o f 
b a tte rie s a nd  d ro p  o ff the ir p ric e s inc re a se d  the  c ha nc e  o f re a lizing  V2G c o nc e pt, a nd  a lso  the  
inte re st o f re se a rc he rs. On a  p ra c tic a l le ve l, first ste p s to wa rd s the  re a liza tio n o f V2G  c o nc e pt b e g a n 
to  ha p pe n. By no w, the y a re  in the  fo rm o f V2G  p ilo t p ro je c ts. Ne ve rthe le ss, the  c o st o f e q uipme nt 
(p rima rily b id ire c tio na l c ha rg e r), c o mmunic a tio ns issue s a nd  d e g ra d a tio n o f the  b a tte ry a re  still 
sig nific a nt o b sta c le s to  the  re a liza tio n o f this c o nc e pt in p ra c tic e . 

Amo ng  ne g a tive  o p inio ns a b o ut the  fe a sib ility o f V2G  c o nc e pt is the  o p inio n o f Te sla  Mo to rs’  first 
ma n fo r c a r b a tte rie s, fro m Aug ust 2016. He  c la ims tha t V2G  c o nc e pt is unfe a sib le  b e c a use  o f the  
c o st o f b a tte ry d e g ra d a tio n a nd  inte rc o nne c tio n c o sts [38]. It ma y a lso  ha p p e n tha t b e c a use  o f the  
ra p id  g ro wth o f EVs p a rtic ip a ting  in V2G  c o nc e pt p ric e s o f se rvic e s p ro vid e d  thro ug h V2G  c o nc e pt 
a re  q uic kly re d uc e d  [35]. As a  re sult, it ma y ha pp e n tha t the  inve stme nt in e q uipme nt fo r V2G  d o  
no t re pa y. On the  o the r ha nd , the re  is a  sig nific a nt numb e r o f p a p e rs tha t spe a k in fa vo r o f the  
fe a sib ility o f this id e a  [33, 39, 40]. 

The re fo re , a  g e ne ra l o p inio n a b o ut the  fe a sib ility o f V2G  c o nc e pt d o e s no t e xist. The  a sse ssme nt 
o f p ro fits o f p a rtic ip a tio n in the  ma rke ts o f d iffe re nt se rvic e s thro ug h the  V2G  c o nc e pt ra ng e  fro m 
ne g a tive  300 to  p o sitive  4600 $/ ve hic le / ye a r a nd  mo re  [40]. The  mo st c o mmo n ra ng e  is fro m 100-300 
$/ ve hic le / ye a r. The se  o r tho se  re sults d e pe nd  o n the  wa y the y a re  c a lc ula te d . Re sults a lso  de pe nd  
o n c ha ra c te ristic s o f  EVs b a tte rie s, se rvic e s p ro vide d  thro ug h the  c o nc e pt, the  g ro wth ra te  o f the  
V2G  ma rke t, whe the r V2G is re a lize d  thro ug h a g g re g a to rs o r e a c h EV p a rtic ip a te  se p a ra te ly, a nd  
ma ny o the r issue s. 

IV. AG G REG ATION 

Ho w EVs will p a rtic ip a te  in e le c tric  p o we r ma rke t is a n e spe c ia lly imp o rta nt issue  fo r the  suc c e ss o f 
the  id e a  EVs a s e le c tric ity sto ra g e s in EPSs. Ove ra ll, the re  a re  two  ma in o p tio ns in the  lite ra ture . The  
first invo lve s a  se lf-p a rtic ip a tio n (d ire c tly) a nd  the  se c o nd  invo lve s the  p a rtic ip a tio n thro ug h a n 
a g g re g a to r (ind ire c tly). 

Se lf-p a rtic ipa tio n me a ns tha t e a c h o wne r o f EV ma ke s a n a g re e me nt fo r p ro vid ing  se rvic e s o n the  
ma rke t se pa ra te ly. If EV o wne r p ro vid e s re g ula tio n o r sp inning  re se rve , the n he / she  ma ke s a n 
a g re e me nt with a  syste m o pe ra to r. The  syste m o p e ra to r c o ntro ls the  c ha rg ing  a nd  d isc ha rg ing  o f 
e a c h EVs se p a ra te ly, in a c c o rd a nc e  with the  a g re e me nt with EV o wne r. In the  c a se  o f e xisting  a n 
a g g re g a to r, it re p re se nts mo re  EVs o n the  ma rke t a nd  ma ke s a g re e me nts a b o ut p ro vid ing  se rvic e s. 
The  a g g re g a to r a lso  ma ke s a g re e me nts with EVs o wne rs, a nd  ma na g e  with c ha g rining  a nd  
d isc ha rg ing  o f EVs b a tte rie s. The  a g g re g a to r is re sp o nsib le  fo r p ro vid ing  the  a g re e d  se rvic e s to  
c usto me rs (o p e ra to rs, EDs), b ut a lso  ha s the  re spo nsib ility fo r me e ting  a g re e me nts with EVs o wne rs. 
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Due  to  te c hnic a lly d iffic ultie s fo r a  syste m o p e ra to r to  c o nne c t with e a c h EV se p a ra te ly a nd  to  
ma na g e  o f c ha rg ing  a nd  d isc ha rg ing  o f suc h la rg e  numb e r o f b a tte rie s, the  o p tio n with a g g re g a to rs 
is mo re  fe a sib le . The  e xp e c te d  re lia b ility a nd  a va ila b ility a re  a lso  g re a te r in the  c a se  o f using  
a g g re g a to r [41]. Ho we ve r, the  re ve nue s fo r EV o wne rs a re  sma lle r if the y use  a n a g g re g a to r fo r 
p a rtic ip a tio n o n a  ma rke t. Tho ug h, the  o p tio n with a g g re g a tio n is the  o nly o ne  tha t c a n sa tisfy 
o wne rs o f EVs a nd  the  syste m o pe ra to r a t the  sa me  time  [41]. 

As fa r the  a utho rs o f this p a p e r kno w, the  c o nc e pt o f a n a g g re g a to r is intro d uc e d  b y Ke mpto n e t 
a l. [36]. The y p o int o ut the  a g g re g a to r’ s ro le  a s a  mid d le ma n b e twe e n a n o wne r o f EV a nd  a  syste m 
o p e ra to r. The  a g g re g a to r ne e ds to  c o o rd ina te  c ha rg ing  a nd  d isc ha rg ing  o f multip le  EVs b a tte rie s in 
o rd e r to  me e t c o mmitme nts to  syste m o pe ra to r a b o ut p ro vid ing  the  a g re e d  se rvic e s a nd  
c o mmitme nts to  EVs o wne rs a b o ut the  a g re e d  le ve l o f e le c tric ity in EVs b a tte rie s d uring  a  d a y. To  
ma ke  it p o ssib le , the  a g g re g a to r ne e d s first g a the r a  suffic ie nt numb e r o f EVs. 

An a g g re g a to r ne e d s to  mo nito r a nd  to  re c o rd  the  use  o f g a the re d  EVs, in o rd e r to  de fine  a  p ro file  
o f use  fo r e a c h EV [42]. Ba se d  o n p a rtic ula r p ro file s, the  a g g re g a to r c a n d e fine  the  p ro file  o f its virtua l 
p o we r p la nt ma d e  b y b a tte rie s o f g a the re d  EVs. With tha t info rma tio n, the  a g g re g a to r c a n e stima te  
p o we r a nd  c a p a c ity tha t ha s o n d isp o sa l a t a ny mo me nt. Ba se d  o n suc h fo rme d  e stima tio ns, the  
a g g re g a to r o ffe rs a  b id  o n se rvic e s’  ma rke ts. During  the  re a liza tio n o f se rvic e s, e le c tric ity is ta ke n 
fro m EV b a tte ry o r se nt into  EV b a tte ry. The  a lg o rithm in e a c h EV c a n c o ntro l the  b a tte ry SOC, i.e . 
sto p  p ro vid ing  c e rta in se rvic e  fro m so me  EV in o rd e r to  ma inta in the  e sta b lishe d  p ro file  o f use  fo r tha t 
EV [42]. 

Esta b lishme nt o f a  c o mp ute r/ c o mmunic a tio n/ c o ntro l ne two rk is c ruc ia l fo r o p e ra ting  a n EPS with 
a g g re g a to r (G uille  a nd  G ro ss 2009). Tha t ne two rk ne e d s to  c o nne c t a g g re g a to r with EVs, a nd  
a g g re g a to r with syste m o p e ra to rs a nd / o r p ro d uc e rs o f e le c tric ity. In tha t wa y, a n a g g re g a to r c a n 
tra c k SOC o f a g g re g a te d  EVs, the ir p ro visio n o f se rvic e s, me a suring  e le c tric ity flo w into  a nd  o ut o f 
the m, a nd  e tc . In this re g a rd , the  ne two rk ne e d s to  sa tisfy re q uire me nts in the  fie ld  o f se c urity, 
re lia b ility, a nd  fle xib ility. In a d d itio n, it ne e d s to  b e  e a sily e xp a nd a b le  a nd  c o sts o f c o nne c tio n o n the  
ne two rk ne e d  to  b e  ne g lig ib le  c o mpa re d  to  the  c o st o f EVs [5]. 

If it is a ssume d  tha t the re  a re  no  te c hnic a l b a rrie rs, the re  is the  q ue stio n ho w to  pe rsua d e  the  
o wne rs o f EVs to  p la c e  the ir ve hic le s a t the  a g g re g a to r d ispo sa l. Eve n in the  first p a p e r a b o ut the  
V2G  c o nc e pt b y Ke mpto n a nd  Le te nd re  [3], the re  is the  id e a  ho w to  d o  tha t. The  a utho rs p ro po se  
tha t e a c h EV o wne r is o b lig e d  to  ind ic a te  whe n the y inte nd  to  use  EV a g a in a nd  ho w muc h e le c tric ity 
in EV b a tte ry sho uld  b e  a t tha t time . De pe nd s o n the  time  the ir EVs sp e nt c o nne c te d  to  the  g rid , the y 
g e t the  c o rre sp o nd ing  re ve nue . So me  stric te r va ria nts, p ro p o se  de fining  in the  c o ntra c t ho w lo ng  
a nd / o r whe n EV ne e d s to  b e  c o nne c te d  to  the  g rid  a nd / o r ho w muc h e le c tric ity in EV b a tte ry ne e d s 
to  b e  a t so me  time . 

Ho we ve r, p e o p le  a re  no t willing  to  a c c e p t o b lig a tio ns suc h a s a  minimum time  c o nne c te d  to  the  
g rid  o r ha ving  o nly a  g ua ra nte e d  a mo unt o f e le c tric ity in the  b a tte ry. The re fo re , a  stra te g y b a se d  o n 
ho ur-b y-ho ur o r p a y-a s-yo u-g o  c a n b e  use d  [43]. The  first d o e s no t imp ly a ny o b lig a tio n fo r EV o wne rs. 
EV o wne r g e ts re ve nue s d e pe nd ing  o n the  a mo unt o f time  the y put the ir ve hic le  is a t the  a g g re g a to r 
d isp o sa l. In the  se c o nd  c a se , the  o wne r wo uld  re c e ive  mo ne y in a d va nc e  fo r the  a g re e d  putting  EV 
to  a g g re g a to r d isp o sa l. Ag g re g a to r ne e d s to  mo nito r - le a rn a b o ut the  b e ha vio r o f d rive rs a nd  o n 
tha t b a sis ma ke  de c isio ns a b o ut c ha rg ing  a nd  d isc ha rg ing  the ir EVs [3]. In this c a se , the  d rive r wo uld  
b e  o b lig e d  o nly to  a nno unc e  a n une xpe c te d  o r no n-sta nd a rd  trip . 

The  a g g re g a to r ha s to  ma na g e  with c ha rg ing  a nd  d isc ha rg ing  EVs b a tte rie s in o rde r to  me e t the  
o b lig a tio ns unde r the  c o ntra c t with the  EVs o wne rs a nd  the  syste m o pe ra to r. Diffe re nt p ro p o sa ls 
(c o nc e pts, stra te g ie s) c a n b e  fo und  fo r ma na g ing  o f c ha rg ing  a nd  d isc ha rg ing  EVs b a tte rie s while  
p ro vid ing  se rvic e s. So me  o f the  p ro po sa ls a im a t ma ximizing  b e ne fits fo r the  o wne r o f EVs, so me  fo r 
a g g re g a to rs, so me  fo r b o th a nd  so me  fo r the  syste m o pe ra to r. The se  p ro po sa ls a re  usua lly sup p o rte d  
b y d iffe re nt a lg o rithms, ma the ma tic a l mo de ls, a nd  simula tio n mo d e ls. Exa mple s o f so me  mo d e ls fo r 
ma na g ing  o f c ha g rining  a nd  d isc ha rg ing  EV b a tte rie s c a n b e  fo und  in re vie we d  p a pe rs [18, 44]. 

Ag g re g a to r func tio n d o e s no t ha ve  to  b e  p e rfo rme d  o nly b y a  ne wly-e sta b lishe d  c o mp a ny. Tha t 
c a n d o  a lso  b e  so me  e xisting  c o mpa nie s, whic h a re  in so me  wa y c o nne c te d  with wha t a g g re g a to r 
wo rks, ne e ds o f e q uip me nt, e tc . It c o uld  b e  EDCs, EVs ma nufa c ture rs, a nd  mo b ile  pho ne  o pe ra to rs 
[36]. Also , it c o uld  b e  p ro d uc e rs o r se lle rs o f b a tte rie s, EVES, EVs, e le c tric ity.  

The  a g g re g a to r c o uld  p a rtic ip a te  in the  ma rke t d ire c tly o r thro ug h a n e xisting  e le c tric  e ntity. To  
p a rtic ip a te  in the  ma rke t o f re g ula tio n se rvic e  o r sp inning  re se rve  se rvic e , a  p a rtic ip a nt usua lly ne e ds 
to  ha ve  a  c a p a c ity o f a t le a st 1MW p o we r [33]. Tha t p o we r c o rre spo nd s to  67 EVs with a  b a tte ry 
c a p a c ity o f 15 kW. As no t a ll ve hic le s will b e  a va ila b le  a ll the  time , the  re q uire d  numb e r sho uld  b e  
o b ta ine d  b y multip lying  with 1.5 [37]. He nc e , 100 EVs a re  ne e de d  to  ha ve  the  c a p a c ity o f 1MW 
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p o we r. If the  e le c tric ity is se nt thro ug h the  ho use ho ld  insta lla tio ns, the n a b o ut 500 EVs a re  ne e de d  
fo r c a p a c itie s o f 1-2MW [27]. 

V. OPPORTUNITIES TO REALIZATION THE IDEA OF EVS AS ELECTRICITY STORAGES 

The  id e a  o f EVs a s e le c tric ity sto ra g e s in EPSs ha s a  c ha nc e  to  b e c o me  a  re a lity a lso  d ue  to  the  
fa c t tha t the  numb e r o f EVs is c o nsta ntly g ro wing . In tha t wa y, a  la rg e  unuse d  e le c tric a l e ne rg y 
re so urc e  is c re a ting  b y EVs b a tte rie s. Me c ha nic a l p o we r o f a ll ve hic le s in the  US wa s 19.5 TW in 2004, 
whic h is 24 time s the  g re a te r p o we r tha n the  p o we r o f the  e ntire  US EPS [45]. If this info rma tio n is ta ke n 
a lo ng  with the  e stima tio n tha t 90-95% o f time  ve hic le s a re  p a rke d , the n it is c le a r wha t a n e ne rg y 
re so urc e  is c re a te d  b y switc hing  to  EVs. Ta king  the  e xa mple  o f De nma rk, it wo uld  is e no ug h tha t just 
¼ o f ve hic le s is EVs a nd  o nly ha lf o f the m a re  c o nne c te d  to  the  g rid , a nd  a ll ne e d s o f De nma rk fo r 
e le c tric ity a re  sa tisfie d  [46].  

The  c o nc re te  re a so ns fo r b e lie f in the  fe a sib ility o f this id e a  a rise  fro m the  suita b ility o f EVs a s 
sto ra g e s fo r p ro vid ing  a nc illa ry se rvic e s, p e a k lo a d  p o we r (p e a k sha ving ), va lle y filling , a nd  the  he lp  
in the  inte g ra tio n o f re ne wa b le  e ne rg y so urc e s in EPS. In this c ha pte r, o nly re g ula tio n a nd  sp inning  
re se rve  se rvic e  o f a nc illa ry se rvic e s a re  c o nsid e re d . Ehsa ni e t a l. [47] sho w tha t EVs a re  a lso  suita b le  
fo r p ro vid ing  re a c tive  re g ula tio n a nd  mo to r sta rting  a nc illa ry se rvic e s. 

5.1 Re g ula tio n, sp inning  re se rve , p e ak shaving , va lle y filling  

Sto ra g e  re so urc e s a re  e xtre me ly use ful in sta b ilizing  EPSs, i.e . fo r a lig ning  o f e ne rg y sup p ly a nd  
d e ma nd  d uring  the  d a y, ho ur, minute . Ho we ve r, d ue  to  the  hig h c o st, the y a re  no t p re se nt in a  
sig nific a nt a mo unt in EPSs. EVs c a n fo rm a  sig nific a nt e le c tric ity sto ra g e  tha t c a n b e  a lso  a ffo rd a b le . 
Ele c tric  e ne rg y se c to r wo uld  p ra c tic a lly sha re  the  c o st o f tha t sto ra g e  with tra nsp o rta tio n se c to r. 

While  the  fe a sib ility o f p ro vid ing  va lle y filling  with EVs is unq ue stio na b le , the  fe a sib ility o f p ro vid ing  
p e a k sha ving  is und e r susp ic io n d ue  to  a n inc re a se d  we a r o f b a tte rie s. As b a tte rie s a re  imp ro ving  
ra p id ly, it c a n b e  e xp e c te d  tha t the se  d o ub ts d isa p p e a r so o n. Cha rg ing  EVs a t nig ht sig nific a ntly 
inc re a se  the  e ffic ie nc y o f e xisting  e le c tric ity p ro d uc tio n syste ms a nd  a lso  re d uc e  e xha ust e missio ns 
o f fo ssil fue l p o we r p la nts [48]. By c ha rg ing  EVs o ve rnig ht, it is re d uc e d  the  ne e d  fo r re d uc ing  o r e ve n 
shutting  d o wn the  p ro d uc tio n o ve rnig ht. I tha t wa y, c o sts, a nd  e missio n o f g a sse s c a use d  b y 
inc re a sing  o r re sta rting  o f e le c tric ity p ro d uc tio n a re  re duc e d  [5]. 

Existing  fa c ilitie s tha t p ro vide  re g ula tio n a nd  sp inning  re se rve , p re d o mina ntly a re  in the  fo rm o f g a s 
a nd  hyd ro p o we r p la nts. Lo o king  a t the  e ffic ie nc y o f g a s p o we r p la nts, in te rms o f c o nve rting  the rma l 
e ne rg y into  e le c tric ity, it is q uite  lo w. Furthe rmo re , the  va ria tio n in the ir o utp ut le a d s to  a  g re a t we a r. 
Also , g a s p o we r p la nts e mit ha rmful g a sse s. The  e ffic ie nc y o f hyd ro p o we r p la nts is q uite  hig h, b ut 
b uild ing  o f the se  p la nts is e xpe nsive  a nd  no t p o ssib le  in a ll a re a s. Due  to  the  hig h c o st o f b uild ing  a nd  
a n insuffic ie nt utiliza tio n the ir c a p a c itie s d uring  pro vid ing  the se  se rvic e s (d ue  to  minimum e le c tric ity 
g e ne ra tio n), this re so urc e  c a n b e  c o nsid e re d  a s e xp e nsive . The  re lia b ility a nd  a va ila b ility o f g a s 
turb ine s fo r p ro vid ing  re g ula tio n is e stima te d  a t 93% a nd  98.9%, whe re a s in the  c a se  o f EVs thro ug h 
a g g re g a tio n the y a re  o n 100% [41]. 

The  re sp o nse  o f EVs c a n b e  me a sure d  in millise c o nd s unlike  the  e xisting  re so urc e s, whe re  the  
re sp o nse  is me a sure d  in minute s (g a s p la nt) a nd  se c o nd s (hyd ro p o we r p la nts). This me a ns tha t EVs 
c a n q uic kly c ha ng e  the  a mo unt o f e ne rg y the y se nd  o r re c e ive . Existing  re so urc e s c a n o nly p ro vid e  
se rvic e s b y inc re a sing  o r d e c re a sing  the ir p ro d uc tio n. The  e xc e p tio ns a re  sp e c ia l hyd ro  p o we r p la nts. 
The y c a n re c e ive  (sto re ) e le c tric ity b y p ump ing  wa te r to  hig he r le ve ls. EVs c a n se nd  a nd  re c e ive  
e le c tric ity. Tha t g ive s the m a  sig nific a nt a dva nta g e  o ve r e xisting  re so urc e s fo r p ro vid ing  se rvic e s o n 
e le c tric  p o we r ma rke t. 

Owing  to  the  p o ssib ility o f EVs to  re c e ive  e le c tric ity, using  EVs fo r re g ula tio n o r lo a d  fo llo wing  
p ra c tic a lly e na b le s using  re so urc e s tha t d o  no t ha ve  sig nific a nt ra mp ing  ra te s fo r p ro vid ing  p e a k 
p o we r a s we ll. The se  re so urc e s a re  c he a p e r, whic h me a ns tha t sig nific a nt sa ving s c a n b e  a c hie ve d  
in tha t wa y. Co mpa re d  to  e xisting  re so urc e s, EVs ha ve  le ss ma inte na nc e  c o sts inc urre d  b e c a use  o f 
the  fre q ue nt c yc ling . EVs a lso  ha ve  no  o p p o rtunity c o sts, whic h ma y o c c ur a t e xisting  re so urc e s [16].  

By p ro vid ing  lo a d  fo llo wing  a nd  re g ula tio n, EVs c a n p ro vid e  re ve nue  to  o wne rs, a lmo st witho ut 
d riving  e le c tric ity fro m the  b a tte rie s. Espe c ia lly this is true  in the  c a se  o f re g ula tio n, whe re  the  le ve l o f 
e le c tric a l e ne rg y in the  b a tte ry o nly va rie s slig htly a ro und  the  le ve l tha t wa s b e fo re  the  p ro visio n o f 
this se rvic e  [36]. Wa ng  e t a l. [39] me a sure  d e g ra d a tio n o f EV b a tte ry c a use d  b y p ro vid ing  
re g ula tio n/ pe a k sha ving . Simula tio n re sults ind ic a te  tha t if EVs a re  use d  fo r the  re g ula tio n/ pe a k 
sha ving  e a c h d a y in the  p e rio d  fro m 7p m-9pm te n ye a rs, the n the  lo ss o f b a tte ry c a p a c ity is 
inc re a se d  b y 3.62% / 5.6%. 
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Co sts o f we a ring  o f le a d  a c id  b a tte ry, while  p ro vid ing  re g ula tio n a re  20-60% o f the  a nnua l inc o me  
tha t c a n b e  a c hie ve d  b y p ro vid ing  tha t se rvic e  [42]. Re ve nue  (inc o me  minus c o sts) o f p ro vid ing  
p e a k p o we r is $ 267 (510-243), in the  c a se  o f sp inning  re se rve s it is $ 720 (755-55), a nd  o f re g ula tio n is 
3162 $ (4479-1317) (Ke mpto n e t a l. 2001b ). By d isc ha rg ing  EVs d uring  p e a k p e rio d s a nd  b y using  EVs 
fo r p ro vid ing  a nc illa ry se rvic e s, p o we r p la nts a re  a b le  to  p ro d uc e  mo re  e le c tric ity a nd  thus a c hie ve  
a  hig he r re ve nue . This is a ll re a so ns to  b e lie ve  tha t the se  two  se rvic e s, a lo ng  with ma ny o the rs a nc illa ry 
se rvic e s c a n sig nific a ntly he lp  EVs a s e le c tric ity sto ra g e s b e c o me  re a lity. 

5.2 Re ne wab le  e ne rg y so urc e s 

By inte g ra tio n o f e le c tric ity fro m re ne wa b le  e ne rg y so urc e s (RES e le c tric ity), insta b ility o f EPSs is 
a d d itio na lly inc re a sing . This is due  to  the  e xtre me ly va ria b le  a nd  unc e rta in p ro d uc tio n o f the se  
e le c tric ity so urc e s. First o f a ll, this is re fe rre d  to  e le c tric ity o b ta ine d  b y re ne wa b le  so urc e s b a se d  o n 
so la r a nd  wind  p o we r. Be c a use  o f tha t, EPSs ne e d  a d d itio na l c a p a c ity fo r p ro vid ing  a nc illa ry se rvic e s. 
If the  sha re  o f RES e le c tric ity in the  g rid  e xc e e d s a  thre sho ld  o f 10-30%, it is ne c e ssa ry to  intro duc e  
ne w re so urc e s fo r sta b ilizing  p o we r in the  g rid  [51]. Due  to  the  a b o ve -me ntio ne d  d ra wb a c k o f the  
e xisting  re so urc e s fo r sta b iliza tio n, it is se a rc he d  fo r b e tte r so lutio ns. One  o f the  p o ssib le  so lutio ns is the  
use  o f EVs thro ug h V2G  c o nc e pt fo r the se  p ro po sa ls. Mo re o ve r, EVs c a n b e  use d  a s a  b uffe r fo r 
surp luse s o f RES e le c tric ity a p p e a ring  in c e rta in pe rio d s. Tha t e le c tric ity c a n b e  use d  a fte r, in p e rio d s 
o f the  lo we r p ro d uc tio n o r fo r d riving  p ro p o se s. 

The  id e a  o f V2G  c o nc e pt is a rise n o ut o f se a rc hing  fo r a  so lutio n fo r the  inc re a se d  insta b ility tha t 
b ring s inte g ra tio n RES e le c tric ity into  EPSs [52]. The  sup p o rt to  the  inte g ra tio n o f RES e le c tric ity into  
EPSs c a n b e  the  mo st imp o rta nt ro le  o f the  V2G  c o nc e pt [37]. The  imp o rta nc e  o f using  EVs fo r this 
p urp o se  is g re a te r in p la c e s whe re  the re  a re  no  c o nd itio ns fo r the  b uild ing  o f tra d itio na l re so urc e s fo r 
supp o rting  RES e le c tric ity inte g ra tio n (e .g . the  hyd ro e le c tric  p o we r p la nt) [37]. EVs a re  a  na tura l 
re so urc e  o f d e ma nd -a nd  sup p ly-side  fle xib ility tha t c a n he lp  re d uc e  the  ne g a tive  e ffe c ts b ro ug ht b y 
vo la tility a nd  unc e rta inty o f RES e le c tric ity [53]. 

Cha rg ing  a t p ub lic  sta tio ns wo uld  b e  inc re a se d  b y 433% if the y o ffe r the  c ha rg ing  with RES 
e le c tric ity [54]. Cha rg ing  EVs d ire c tly fro m the  PV p a ne l re d uc e  the  lo sse s tha t o c c ur d ue  to  
tra nsmissio n o f e le c tric ity [40]. Also , the  lo sse s a re  re d uc e d  b e c a use  the re  is no  ne e d  to  switc h DC to  
AC e le c tric ity. Using  suc h p ra c tic e  wo uld  b e  a lso  b e ne fic ia l fo r EPS, b e c a use  it wo uld  re duc e  the  
ne e d  fo r its up g ra d ing  d ue  to  the  a pp e a ra nc e  o f ne w c o nsume rs in the  fo rm o f EVs. Wa ng  e t a l. [39] 
e xa mine  lo ss o f b a tte ry c a p a c ity in the  c a se  o f using  EVs fo r the  lo a d  fo llo wing  a s a  sup p o rt se rvic e  
to  the  d istrib utio n o f e le c tric ity fro m re ne wa b le  e ne rg y so urc e s. Re sults ind ic a te  tha t the  lo ss o f 
c a p a c ity is inc re a se d  b y 22% in the  pe rio d  o f te n ye a rs if EVs a re  use d  fo r p ro vid ing  the  lo a d  fo llo wing  
d uring  a ll d a y. 

The  syne rg y o f EVs a nd  ERS is a lmo st ine vita b le  fo r the  susta ina b le  g ro wth o f b o th o f the m. 
Inc re a sing  the  numb e r o f EVs c re a te s d e ma nd s fo r a d d itio na l p ro d uc tio n re so urc e s whic h a re  
inc re a sing ly b a se d  o n re ne wa b le  so urc e s. On the  o the r ha nd , the  intro d uc tio n o f suc h re so urc e s o f 
e le c tric ity in the  syste m c a use s a  g ro wing  o f ne e d  fo r sta b iliza tio n re so urc e s. Tha t ne e d  c a n b e  me t 
just b y the  use  o f EVs thro ug h V2G  c o nc e pt. 

VI. THREATS TO REALIZATION THE IDEA OF EVS AS ELECTRICITY STORAG ES 

Thre a ts to  the  re a liza tio n o f the  id e a  o f EVs a s e le c tric ity sto ra g e s in EPSs a re  p rima rily o f a  te c hnic a l 
na ture . The se  te c hnic a l thre a ts furthe r mo stly imp ly e c o no mic  thre a ts, a nd  the y c a use  we a ke r 
p o sitio n in the  fig ht with c o mpe tito rs. 

6.1 Te c hnic a l thre ats 

Thre a ts o f a  te c hnic a l na ture  c a n b e  d ivid e d  into  tho se  re la te d  to  infra struc ture , c o mmunic a tio n, 
a nd  c o ntro l (se c urity). G e ne ra lly, the  inte g ra tio n o f a  la rg e  numb e r o f EVs b ring s infra struc tura l 
c ha lle ng e s fo r EPSs. By re a liza tio n o f V2G  c o nc e pt, the se  c ha lle ng e s a re  inc re a se d . The  inte g ra tio n 
o f a  la rg e  numb e r o f EVs wo uld  ke e p  a  g rid  a t its ma ximum p la nne d  c a p a c ity lo ng e r tha n is no w 
c a se  [55]. Tha t c o uld  c a use  c a nc e lla tio ns o f g rid  c o mp o ne nts, a nd  thus re d uc e  the  re lia b ility o f the  
e le c tric ity sup p ly. 

Amo ng  a ll g rid ’ s c o mpo ne nts, the  b ig g e st c o nc e rn is fo r tra nsfo rme rs. Prima rily b e c a use  the y 
re p re se nt a mo ng  the  mo st c o stly c o mp o ne nts in the  me d ium a nd  lo w vo lta g e  d istrib utio n 
infra struc ture  [56]. The  inc re a se d  numb e r o f EVs c a n c a use  ra p id  a g ing  o f tra nsfo rme rs [55, 57]. The  
tra nsfo rme rs in o ff-p e a k p e rio d s (d uring  the  nig ht a nd  b e twe e n p e a ks) a re  c o o le d . If it is a ssume d  
tha t la rg e r numb e r o f EVs a re  c ha rg e d  o ve rnig ht (whe n e le c tric ity is c he a pe r), the  time  fo r c o o ling  
tra nsfo rme rs is sig nific a ntly re d uc e d . Co nse q ue ntly, the ir te mp e ra ture  is inc re a se d  a nd  the  a g ing  is 
a c c e le ra te d . 
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Issue s suc h a s c o mmunic a tio n d e la ys, ro uting  p ro to c o ls, a nd  c yb e r se c urity a re  ve ry c ritic a l fo r the  
re lia b le  a nd  e ffic ie nt a do ptio n o f the  V2G  tra nsa c tio ns fra me wo rk a nd  the  sma rt g rid  c o nte xt [58]. 
Fo r e xa mp le , the  re sp o nse  to  the  c a ll fo r a  sp inning  re se rve  sho uld  b e  up  to  10 se c o nd s. The  q ue stio n 
is whe the r it is p o ssib le  to  b uild  suc h a  c o mmunic a tio ns syste m tha t c a n p ro vid e  time ly info rma tio n 
fro m the  syste m o pe ra to r to  a ll a g g re g a to rs, a nd  fro m a g g re g a to rs to  the ir EVs. A la rg e  numb e r o f 
EVs, whic h a re  use d  a s re so urc e s within EPS wo uld  c re a te  a  g re a t p re ssure  o n the  c o mmunic a tio ns 
re so urc e s, a nd  e ve n o n the  G PS [30]. 

EVs tha t se nd  e le c tric ity into  the  g rid  a re  c o nsid e re d  a s a  d istrib ute d  e ne rg y re so urc e s. He nc e , the y 
ha ve  to  a d he re  to  IEEE 1547 in the  te rrito ry o f the  Unite d  Sta te s [15]. This sta nd a rd  d e fine s the  c rite ria  
a nd  re q uire me nts fo r inte rc o nne c tio n o f d istrib ute d  re so urc e s a nd  EPSs. Amo ng  the  mo st imp o rta nt 
re q uire me nts a re  the  re sp o nse  time  to  a b no rma l vo lta g e s a nd  fre q ue nc ie s, a nd  c urre nt d isto rtio n 
limits [15]. Me te ring  a nd  b illing  in a  c a se  o f a p p lic a tio n o f V2G  c o nc e pt ha ve  to  b e  a lso  d e fine d . A 
sp e c ia l p ro b le m is ho w to  e nsure  full b a tte ry c a pa c ity during  winte r. 

6.2 Ec o no mic  thre a ts 

Inve stme nts in infra struc ture , p rima rily in V2G  e q uip me nt a nd  g rid  up g ra d ing , a re  still a  b ig  re a so n 
fo r d o ub ts a b o ut the  fe a sib ility o f the  id e a  o f EVs a s e le c tric ity sto ra g e s. Inve stme nts a re  ne e de d  in 
b i-d ire c tio na l c ha rg e rs, c ha rg ing  sta tio ns, me a suring  d e vic e s, c o mmunic a tio n e q uipme nt a nd  so  o n. 
Be sid e s o f inve stme nts a t EVs o wne rs sid e , inve stme nts in the  c e rta in e q uipme nt a nd  p e o p le  a re  
ne e d e d  a lso  a t EDCs a nd  a g g re g a to rs. The  b ig  q ue stio n is who  ne e d s to  inve st in the  up g ra d ing  o f 
the  g rid  [59]. 

Co sts d ue  to  the  a c c e le ra te d  d e g ra d a tio n o f the  b a tte rie s a re  to o  b ig  a nd  ma ke  e xp lo ita tio n o f 
EVs a s e le c tric ity sto ra g e s thro ug h V2G  c o nc e pt unfe a sib le  [60, 61, 62]. The  fre q ue nc y o f b a tte ry 
re p la c e me nt a t PHEV is inc re a se d  fro m o nc e  e ve ry two  ye a rs (a t 30% DOD) to  o nc e  a  ye a r (fo r a  
la rg e r DOD) [61]. Fo r BEV tha t inc re a se  is fro m o nc e  e ve ry thre e  ye a rs to  o nc e  a  ye a r (fo r DOD g re a te r 
tha n 30%). EV b a tte ry life  is re duc e d  fro m 11.8 to  8.7 ye a rs, a nd  the  e ne rg y thro ug hput is inc re a se d  
fro m 44.8 MWh to  72.8 MWh fo r p ro vid ing  a nc illa ry se rvic e s 2 ho urs pe r d a y [62]. An o ve rvie w o f so me  
o the r stud ie s tha t ind ic a te  the  unp ro fita b ility o f V2G  c o nc e pt d ue  to  d e g ra d a tio n o f the  b a tte ry c a n 
b e  fo und  in [60]. 

The  c o st o f inve sting  in infra struc ture  a nd  c o st o f b a tte ry we a ring  c a n ha rd ly b e  c o ve re d  b y 
re ve nue s fro m the  p ro visio n o f a nc illa ry se rvic e s [51]. Prima rily b e c a use  the  a nc illa ry se rvic e s a re  
ra re ly use d , i.e . a  sma ll a mo unt o f e ne rg y is d e live re d  b y p ro vid ing  the m. He nc e , the  ma in inc o me  
c a me  fro m the  p ro visio n o f c a p a c ity. This re ve nue , ho we ve r, is no t e no ug h to  ma ke  EVs a s a  re so urc e  
e c o no mic a l o n the  ma rke t o f a nc illa ry se rvic e s. Sub sid ie s fo r sup p o rting  the  use  o f EVs a s a  re so urc e  
sho uld  no t b e  e xpe c te d , b e c a use  o f the  re a lize d  inve stme nts in e xisting  re so urc e s tha t p ro vid e  
a nc illa ry se rvic e s [51]. 

With the  inc re a se  o f EVs a nd  the ir inc re a se d  p a rtic ip a tio n o n the  a nc illa ry ma rke t p ric e s o f the se  
se rvic e s c a n d ro p . If EVs a re  use d  a s e le c tric ity sto ra g e s thro ug h G2V c o nc e pt, the  p ric e  o f the se  
se rvic e s ma y fa ll b y 70% fo r 300,000 inte g ra te d  EVs. If the y a re  use d  thro ug h V2G  c o nc e pt, p ric e s 
ma y fa ll b y 69% fo r 100,000 inte g ra te d  EVs [35]. The  fa ll in p ric e s ma y c a use  tha t the  inve ste d  c a p ita l 
in e q uip me nt c a nno t b e  re turne d .  

6.3 Alte rna tive  o p tio ns 

If we  lo o k a t the  p re se nt situa tio n, c o mpe tito rs o f EVs in p ro vid ing  a nc illa ry se rvic e s a re  pump e d  
hyd ro  e le c tric  sto ra g e s (PHSs), c o nve ntio na l hyd ro p o we r p la nt a nd  g a s po we r p la nts. Fro m the  o the rs 
a re  still e xpe c te d  to  ma ke  a n e xpa nsio n. Amo ng  the m a re : c o nc e ntra ting  so la r p o we r syste ms 
(C SPSs), d e d ic a te d  b a tte ry b a nks, flywhe e l e ne rg y sto ra g e  syste ms (FESSs), hyd ro g e n sto ra g e  
syste ms. 

Mo re  tha n 99% o f the  wo rld 's to ta l sto ra g e  c a p a c ity fo r e le c tric ity c o nsists o f PHSs. The y ha ve  a  
hig h e ffic ie nc y, b e twe e n 70-85% [63]. PHSs is a  muc h c he a p e r o p tio n fo r the  sto ra g e  o f e le c tric a l 
e ne rg y tha n EVs [51]. Ne we r hyd ro e le c tric  p o we r p la nts fo r p ro vid ing  a nc illa ry se rvic e s d o e s no t ta ke  
up  muc h spa c e  a nd  ha ve  a  hig h p o we r [63]. The re fo re , the y d o  no t ha rm the  e nviro nme nt a s 
p re vio us hyd ro  p la nts. Ad va nta g e s o f PHS is a lso  a  ve ry lo ng  life time  [64]. 

G a s p o we r p la nts a re  g e ne ra tio n b a se d  te c hno lo g y fo r sup p o rting  g rid . The y a re  e spe c ia lly 
imp o rta nt in p la c e s whe re  insta lla tio n o f PHSs is no t p o ssib le . The ir e ffic ie nc y is lo w, o nly a b o ut 33% o f 
the  e ne rg y va lue  o f the  g a s is c o nve rte d  into  e le c tric ity. Ho we ve r, the y a re  a c c e p ta b le  in EPSs whe re  
the  ma in p a rt o f e le c tric ity is o b ta ine d  fro m fo ssil fue l p la nts. Be c a use  the  sto ring  o f tha t e le c tric ity 
d uring  p ro vid ing  a nc illa ry se rvic e s p ro d uc e  a d d itio na l lo sse s a nd  ma ke  the  p ro d uc tio n o f this 
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e le c tric ity mo re  ine ffic ie nt [63]. Ho we ve r, g ive n the  g ro wing  te nd e nc y to wa rd s the  tra nsitio n to  
c le a ne r te c hno lo g ie s, g a s p o we r p la nts sho uld  no t re p re se nt a  sig nific a nt a lte rna tive  in the  future . 

CSPS is b e c o ming  inc re a sing ly a ttra c tive  e le c tric ity sto ra g e  te c hno lo g y [51]. Ta nks with a  mo lte n 
sa lt mixture  c a n sto re  e ne rg y a nd  up  to  se ve n d a ys. The  re p re se nta tio n o f this te c hno lo g y is g ro wing  
fro m ye a r to  ye a r. Ac c o rd ing  to  fo re c a sts o f the  Inte rna tio na l Ene rg y Ag e nc y (IEA), it will c o ntinue  in 
the  future . Co mp a re d  to  b a tte rie s, CSPs with a  mo lte n sa lt is sig nific a ntly le ss e xpe nsive  a nd  e le c tric ity 
sto ra g e  with lo ng e r life  [51]. 

Ba tte ry b a nks re so urc e  ha s e xc e lle nt e ffic ie nc y a nd  c a n b e  p la c e d  a t a ny p la c e  [63]. In a d d itio n, 
the  ra p id  p ro g re ss o f te c hno lo g y ma ke s b a tte ry b a nks mo re  a nd  mo re  c o mpe titive . Te c hno lo g ic a l 
a dva nta g e s c o mp a re d  to  V2G  a re  no , b e c a use  o f the  sa me  te c hno lo g y in the  b a tte rie s. Ho we ve r, 
b a tte ry b a nks c a n p ro vid e  b e ne fits to  b uye rs b e c a use  o f b uying  a  la rg e r b a tte ry c a pa c ity (d isc o unt 
o n the  a mo unt), se lf-p a rtic ip a ting  o n ma rke t (witho ut a g g re g a to r) a nd  a n unlimite d  a va ila b ility fo r 
p ro vid ing  se rvic e s [51]. 

FESSs ha ve  a  hig h e ffic ie nc y (a b o ut 85%), whic h is p a rtic ula rly hig h in the  p ro visio n o f re g ula tio n 
se rvic e  [63]. FESSs a re  suita b le  fo r sma ll a nd  EPS d ista nt o f p o we r p ro d uc tio n. In a d d itio n, imp ro ve d  
FESS ha ve  a  hig h e ne rg y d e nsity (the  a mo unt o f e ne rg y pe r unit vo lume  o f the  syste m) a nd  sma ll 
lo sse s during  the  sta nd b y p e rio d  (o ve r p e rio d s o f ma ny minute s to  se ve ra l ho urs). The y a lso  ha ve  the  
p o ssib ility c ha ng ing  the  sta te  o f to ta l d isc ha rg e d  to  the  sta te  o f fully c ha rg e d  in just a  fe w se c o nd s 
[65]. De sp ite  the  p o o r e ffic ie nc y, the  inte re st in hyd ro g e n e ne rg y sto ra g e  is inc re a sing . The  re a so n fo r 
this is the  g re a te r sto ra g e  c a p a c ity c o mp a re d  to  b a tte rie s o r p ump e d  hyd ro  syste m [66]. 

VII. V2G  PILOT PROJECTS 

Be lo w a re  g ive n so me  o f the  mo st imp o rta nt p ilo t p ro je c ts whic h e nd e a vo r to  p ra c tic a l p ro ve  the  
fe a sib ility o f the  id e a  o f EVs a s e le c tric ity sto ra g e s o r he lp  its imp le me nta tio n. Info rma tio n o n ma ny 
simila r p ro je c ts c a n b e  fo und  in [67]. 

7.1 The  Unive rsity o f De la wa re  in 2010 & inde p e nde nt syste m o p e rato r PJM Inte rc o nne c tio n 

The  p ro je c t is c a rrie d  o ut a t the  Unive rsity o f De la wa re  in c o o p e ra tio n with p o we r sup p lie r NRG 
Ene rg y Inc ., unde r p ro fe sso r Ke mpto n supe rvisio n. Fo r the  purp o se  o f the  p ro je c t, BMW d o na te d  15 
Mini E mo d e ls tha t a re  e q uip pe d  with two -wa y c ha rg e r. Ba tte rie s in Mini E mo d e ls a re  Li-io n with 35 
kWh c a p a c ity. The  c ha rg e r c a n se nd  a  p o we r o f 18kW [52]. 

EVs to g e the r fo rm the  Virtua l Po we r Pla nt (VPP) tha t c a n d ra w e le c tric ity fro m the  g rid , b ut a lso  
ha nd  o ve r e le c tric ity to  the  g rid . The y c a ll tha t p la nt a  sho rt-te rm mini sto ra g e  fa c ility a nd  it is b e ing  
use d  b y PJM Inte rc o nne c tio n (the  o p e ra to r o f the  e le c tric ity-tra nsmissio n syste m in muc h o f the  
Ea ste rn U.S.). Whe n the re  is a  surp lus o f p o we r, PJM use s VPP a s a  sto ra g e  fo r tha t surp luse s a nd  p a ys 
fo r it. PJM e nsure s tha t the  le ve l o f e le c tric ity in b a tte rie s ne ve r fa lls b e lo w the  d e fine d  le ve l whe n 
using  e le c tric ity fro m b a tte rie s. 

Be c a use  o f the  c o nd itio n tha t the  p o we r p la nt must ha ve  a  minimum p o we r o f 100 kW to  ta ke  pa rt 
in the  ma rke t, a  minimum 9 EVs o f the  VPP ha ve  to  a lwa ys b e  c o nne c te d  to  the  g rid . VPP p a rtic ipa te  
in PJM ma rke t a s o the r c o nve ntio na l p o we r p la nt (thro ug h the  a uc tio n) b ut a lso  ha s the  sa me  
re sp o nsib ility a s c o nve ntio na l p la nts. Pa rtic ip a ting  VPP in ma rke ts re sulting  in e a rning s fo r e a c h sing le  
EV o f 5 $/ d a y a nd  a b o ut 110 $/ mo nth [68]. 

7.2 DOD V2G  Pilo t Pro je c t 

The  p ro je c t is a  p ro d uc t o f the  a sp ira tio ns o f the  US De p a rtme nt o f De fe nse  to  re d uc e  to ta l 
p e tro le um c o nsumptio n o f the ir fle e t a nd  e xha ust e missio ns. Also , it is a  re sp o nse  to  a  p re sid e ntia l 
me mo ra ndum fro m 2011, a c c o rd ing  to  whic h a ll ne w lig ht-duty ve hic le s purc ha se d  o r ta ke n o n le a se  
b y 2015 must b e  d rive n b y a lte rna tive  fue ls. Ac c o rd ing ly, d uring  2013, 40 ve hic le s with e le c tric  ve hic le  
se rvic e  e q uip me nt a re  d e live re d  a t the  Lo s Ang e le s Air Fo rc e  Ba se  (L.A. AFG ) within a n a ll-e le c tric  
fle e t p ilo t. The  p la n is tha t EVs p a rtic ip a te  in the  CAISO re g ula tio n up  a nd  d o wn ma rke t. The  re sults 
o f tha t pa rtic ip a tio n a nd  sma rt ma na g e me nt o f this fle e t sho uld  se rve  to  a sse ss the  o ve ra ll e c o no mic  
fe a sib ility o f DOD no n-ta c tic a l fle e t e le c trific a tio n [69]. 

In the  ne xt two  p ha se s sho uld  ha ve  b e e n d e live re d  a b o ut 500 me d ium d uty truc ks a t six milita ry 
b a se s, inc lud ing  L. A, a nd  in the  third  p ha se  a no the r a b o ut 1500 PEV. The  o ve ra ll p ro g ra m inc lud e s 
V2G  a c tivity, whic h me a ns tha t the  ve hic le s will b e  V2G  c a p a b le . Pe nta g o n de e me d  tha t the  
inc o me  o f p ro vid ing  the  se rvic e s thro ug h the  V2G  c o nc e pt c a n q uic kly o ffse t the  hig h c o st o f e le c tric  
ve hic le s [70]. 

Ho we ve r, info rma tio n o n whe the r the  se c o nd  a nd  third  sta g e s o f the  p ro je c t a re  imp le me nte d  a nd  
wha t a re  the  re sults o f pa rtic ip a tio n in the  ma rke t o f a nc illa ry se rvic e s a re  no t fo und  b y the  a utho rs 
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o f this p a pe r. The  la te st p ie c e s o f info rma tio n a b o ut this p ro je c t a re  fro m 2015 a nd  a re  fo und  in [71]. 
The y te ll us tha t 42 EVs a re  d e live re d  in LA AFB to  te st V2G  c o nc e pt a nd  tha t the se  EVs c a n p ro d uc e  
e le c tric ity o f p o we r hig he r tha n 700 kW whe n a ll a re  p lug g e d  in. By tha t so urc e , tha t ma ke s this 
p ro je c t the  la rg e st de mo nstra tio n o f the  V2G  c o nc e pt in the  wo rld . 

7.3 Ca rmake rs a nd Ele c tric  Po we r Re se a rc h Institute  Pro je c t 

The  p ro je c t is la unc he d  in 2014, in the  o rg a niza tio n o f Ele c tric  Po we r Re se a rc h Institute  (EPRI) a nd  
nine  c a r ma nufa c ture rs (BMW, Chrysle r, Fo rd , Ho nd a , G e ne ra l Mo to rs, Me rc e d e s-Be nz, Mitsub ishi a nd  
To yo ta ). The  a im o f the  p ro je c t is to  d e ve lo p  a  c o mmo n p la tfo rm fo r c o mmunic a ting  o f the se  
ma nufa c ture rs’  EVs with the  g rid . Pa rtic ip a tio n in the  p ro je c t is ta ke n b y 15 EDCs a s we ll. The  p ro je c t 
is the  re sult o f p ro b le ms tha t e le c tric ity sup p lie rs ha ve  if the y wa nt to  sma rt ma na g e  c ha rg ing  o f EVs. 
In fa c t, EDCs ne e d  to  ma ke  a  sp e c ia l so ftwa re  fo r e a c h p ro d uc e r. So me  o f the  p ro d uc e rs re q uire  
se nd ing  a  sig na l b y p o we r line s, o the rs wire le ssly [72]. This o p e n g rid  inte g ra tio n p la tfo rm will simp lify 
V2G  c o mmunic a tio n, e na b ling  EVs to  p ro vide  se rvic e s to  the  ne two rk a nd  thus inc re a se  the  o ve ra ll 
p ro fita b ility o f EVs [73]. 

7.4 Nissa n and Ene l Pro je c t 

Ene l a nd  Nissa n jo ine d  fo rc e s in la te  2015 with the  a im o f d e ve lo p ing  the  inno va tive  V2G  syste m. 
This syste m sho uld  e nsure  tha t EVs o p e ra te  a s "e ne rg y hub s" tha t c a n b e  use d  fo r supp lying  ho use ho ld  
a p p lia nc e s, b ut a lso  fo r re turning  e le c tric ity to  the  g rid  whe n the re  is a  surp lus o f e le c tric ity in the m 
[74]. The  re sult o f this c o o p e ra tio n will so o n b e  a p p lie d  in a  p ra c tic e . In Ma y o f 2016, Nissa n 
a nno unc e d  tha t a ll o wne rs o f Nissa n e le c tric  ve hic le s will b e  a b le  to  se ll e le c tric ity fro m the ir EVs to  
EDCs. It will b e  p o ssib le  a t 100 V2G  p o ints a ro und  the  UK, whic h a re  the  re sult o f c o o p e ra tio n b e twe e n 
Nissa n a nd  Ene l [75]. 

7.5 Nissa n and Ene l Pro je c t 

Simila r to  Nissa n a nd  Ene l, Mitsub ishi a nd  V2G  d e ve lo pe r Nuvve  jo ine d  fo rc e s in V2G  p ilo t p ro je c t 
utilizing  Outla nd e r PHEVs. Pa rtne rs in the  p ro je c t a re  sma rt c ha rg ing  sp e c ia list Ne wMo tio n a nd  Dutc h 
g rid  o p e ra to r Te nne T. The  p ro je c t wa s imp le me nte d  in No ve mb e r 2017 in Amste rda m. The  a im is to  
d e mo nstra te  V2G  p o te ntia l o f Mitsub ishi Outla nd e r a nd  o p p o rtunity fo r a  ne w inc o me  fo r the ir d rive rs 
[76].    

VIII. CONCLUSION 

The  id e a  o f EVs a s e le c tric ity sto ra g e s in EPSs ma y b e  o f inte re st to  re se a rc he rs fro m ma ny fie ld s. 
First o f a ll, b e c a use  it a ims to  re duc e  p o llutio n a nd  to  a c hie ve  a  g re a te r e ne rg y e ffic ie nc y. Ac c o rd ing  
to  the  re sults o f surve y p re se nte d  in [77], willing ne ss fo r p a rtic ip a tio n o f EVs d rive rs in V2G  p ro je c ts 
mig ht a lso  g ro w a s p ro b le ms with 'ra ng e  a nxie ty' a nd  the  'minimum a llo we d  ra ng e ' a re  so lve d .  

By o ffe ring  a  c o mp re he nsive  o ve rvie w o f this id e a , this p a p e r p re se nts a  g o o d  b a sis fo r a ll 
re se a rc he rs who  wa nt to  sta rt d e a ling  with this id e a  a nd  furthe r e la b o ra te  it. The  a utho rs o f this p a pe r 
a lso  inte nd  to  furthe r e la b o ra te  this id e a , thro ug h the  p rism o f lo g istic s. The  a im is to  o ffe r a  so lutio n 
fo r sto ring  o f e le c tric ity in EVs tha t will b e  use ful fo r o wne rs o f EVs a nd  use rs o f the ir sto ra g e  c a p a c itie s, 
a nd  a lso  simp le  to  imp le me nt. Tha t inc lud e s the  d e ve lo p me nt o f so lutio ns fo r ma na g ing  o f c ha rg ing  
a nd  d isc ha rg ing  o f EVs a t pub lic  pa rking  lo ts, with d iffe re nt va ria nts o f c o ntra c ts with EVs o wne rs. 
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a b o lfa zl.ke sha va rz.sa le h@ g ma il.c o m.  

D. Dra g a n is a n Asso c ia te  Pro fe sso r a t Fa c ulty o f Lo g istic s in the  Unive rsity o f Ma rib o r. Ad d re ss: 
Ma rib o rska  c e sta  7, 3000 Ce lje , Re p ub lic  o f Slo ve nia . E-ma il a d d re ss: d e ja n.d ra g a n@ um.si. 
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