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ABSTRACT

Despite the increasing demand for electric vehicles and the associated charging
stations, the variances in EV charging station models and diversity of energy costs have not
been effectively studied to date. Therefore, this study examines the financial viability of EV
charging stations in Thailand by analysing the effects of operational models, charger counts,
and fluctuating energy costs. It evaluates the profitability, payback periods, and investment
returns of various types of EV charging stations by combining financial analysis tools and
historical energy cost data. The results indicate that small-scale charging stations with 1- 3 chargers
demonstrate superior financial viability, achieving internal rates of return of 24.18% - 39.86%
and payback periods ranging from 3 — 4 years, depending on the tariff model. In contrast, stations
with more than three charsers experience extended payback periods, with some configurations
failing to recover investment within the project duration due toincreased capital expenditures
and operational costs, particularly in locations where demand does not fully utilize available
capacity. This study also emphasises the critical role of dynamic energy pricing in the financial
modelling of charging stations. The cost of electricity varies significantly between conventional
and low-priority stations, with energy costs for conventional stations being up to 23% higher.
This disparity highlights the impact of sovernment incentives which help reduce operational costs
and improve investment attractiveness. Compared to regions with higher energy costs and
fewer financial incentives, the financial feasibility of EV charging stations in Thailand presents

competitive advantages in terms of investment attractiveness and return on capital.
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P srazianfuny (U) ansmanauununelu (%) waA1UagUugms (um)
o wuunaly a1diu wuunaly a1y wuunaly a6y
AUFIATYA AUFIATYA AUFIAYAN

1 4 3 24.18% 39.86% 2,296,491 3,462,754
2 5 a4 17.81% 27.46% 4,465,354 6,017,692
3 7 5 5.29% 13.65% 4,120,610 5,713,305
4 - 9 -5.99% 2.35% 3,418,889 5,012,876
5 - - -13.81% -4.29% 2,810,203 4,404,226
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M54 4.2 nszuaiuanvesanddnuszalwiwuwihlunmelédunundnuasd 7.5 v (1 1Fe9)
nszuaRuanvdn (Um)
srgldannrsunelndia | 1,123,974 \ 1,123,974 \ 1,123,974 \ 1123974 | 1,123974 \ 1,123,974 \ 1,123,974 | 1,123,974 | 1,123,974 | 1,123,974
NIWANUAAYIDDN (UIN)
Ruasmuisudu 1,272,329
Anldaneniiugu 600,000 | 630,000 | 661,500 | 694,575 | 729,304 | 765769 | 804,057 | 844260 | 886473 | 930,797
Anldneiade 3,372 3,372 3,372 3,372 3,372 3,372 3,372 3,372 3,372 3,372
Athgednuialy 5,966 6,085 6,207 6,331 6,458 6,587 6,719 6,853 6,990 7,130
Adgednenselasung 29,831 31,322 32,888 34,533 36,259 38,072 39,976 41,975 44,073 46,277
Aldgen1egsnis 32,347 33,965 35,663 37,446 39,318 41,284 43,349 45,516 47,792 50,181
nszUaRUENGNS 452,458 | 419,230 | 384,344 | 347,717 | 309,263 | 268,889 | 226,501 | 181,998 | 135,273 86,217
A157971 4.3 ﬂssLLaL'Euamaqamﬁé’miz@lw%LLUU%’{LUmstéTéfunuwé’mumﬁ 7.5 UM (2 16589)
nssuaAdudav g (V)
sreldannnisvrglnia \ 1,496,997 \ 1,496,997 | 1,496,997 \ 1,496,997 | 1,496,997 } 1,496,997 \ 1,496,997 | 1,496,997 | 1,496,997 | 1,496,997
nIzUERUaAYID9n (UN)
ﬁuamuﬁué’u 2,795,225
A ldneniuau 600,000 630,000 661,500 694,575 729,304 765,769 804,057 844,260 886,473 930,797
Aldgneiade 4,491 4,491 4,491 4,491 4,491 4,491 4,491 4,491 4,491 4,491
Amfage¥nyaly 11,932 12,171 12,414 12,663 12,916 13,174 13,438 13,706 13,980 14,260
Artgssneselasung 59,661 62,644 65,776 69,065 72,518 76,144 79,951 83,949 88,146 92,554
Alddremegsnis 71,065 74,618 78,349 82,267 86,380 90,699 95,234 99,996 104,995 110,245
nszuARUangNS 749,848 | 713,073 | 674,467 | 633,937 | 591,388 | 546,720 | 499,826 | 450,595 | 398,911 344,650
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M54 4.4 nszuaiuanvesanildauszalwihuuumlunmelddunundanuasi 7.5 v (3 1eFo9)
nszuaRuanv g (um)
swldanmsueli | 1535786 | 1535786 | 1535786 | 1,535,786 | 1,535,786 | 1,535,786 | 1535786 | 1535786 | 1535786 | 1,535786
nszuaEduaarI9an (UIn)
Ruasmuisudu 4,072,280
Alddesfiuau 600,000 | 630,000 | 661,500 | 694,575 | 729304 | 765769 | 804,057 | 844,260 | 886473 | 930,797
alddneiade 4,607 4,607 4,607 4,607 4,607 4,607 4,607 4,607 4,607 4,607
Anfagednunaly 17,898 18,256 18,621 18,994 19,374 19,761 20,156 20,560 20,971 21,390
ahsdnenglasung 89,492 | 93,966 98,664 | 103598 | 108777 | 114216 | 119927 | 125924 | 132220 | 138831
aldnensgsnis 103,533 | 108,709 7| 114145 | 119852 | 125844 | 132137 | 138744 | 145681 | 152965 | 160,613
nssuaRuangys 720,256 | 680,247 | 638,248 | 594,160 | 547,879 | 499,295 | 448,294 | 394,754 | 338550 | 279,548
a9l 4.5 nsvualuanvesanlnusgglwihuu i luangldduundanuasi 7.5 vin (4 1a309)
nIBUARUAAYIT (L)
seldvnmenelndh | 1536965 | 1,536965 | 1,536,965 | 1536965 | 1,536,965 | 1,536,965 | 1536965 | 1,536,965 | 1536965 | 1,536,965
nIzUAUEAY128N (UM)
ﬁuamm’%ﬁﬁu 5,627,868
aldfanesnduau 600,000 | 630,000 | 661,500 | 694575 | 729304 | 765769 | 804057 | 844,260 | 886473 | 930,797
aldsreiads 4,611 4,611 4,611 4,611 4,611 4,611 4611 4,611 4,611 4,611
Anjrgednuiily 23864 | 24,342 24,829 25,325 25,832 26,348 26,875 27,413 27,961 28,520
anfrgednnselnsing 119,322 | 125288 | 131553 | 138130 | 145037 | 152288 | 159,903 | 167,898 | 176293 | 185,108
aldfanemegsnis 143,081 | 150,235 | 157,747 | 165635 | 173916 | 182612 | 191,743 | 201330 | 211,396 | 221966
nszuaiuangvS 646,086 | 602,489 | 556726 | 508,689 | 458,266 | 405336 | 349,776 | 291,453 | 230,231 | 165963
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M19197 4.6 NszualuanvasanlsnUseqliihuuuniluneldsununasuns 7.5 um (5 1ase9)

nseLaRUEAY I (Un)

swldanmsuelii | 1536960 | 1536960 | 1536960 | 1,536,960 | 1,536,960 | 1,536960 | 1536960 | 1536960 | 1,536,960 | 1,536,960
NITUENUEAYI29N (UN)
Ruasmuisudu 6,761,577
Aldneddue 600,000 | 630,000 | 661500 | 694575 | 729308 | 765769 | 804057 | sasze0 | ss6ars | 930797
Aldeiaie 4,611 4,611 4,611 4,611 4,611 4611 4,611 4,611 4,611 4,611
Athgedneitaly 29831 | 30427 | 31036 | 31656 | 32289 | 32935 | 33594 | 30266 | 34951 | 35650
Athgednemelasng 149,153 | 156610 164441 | 172663 | 181,206 | 190361 199879 | 209873 | 220366 | 231384
Aldsremaegans 171904 | 180500, | | 189,525 | 199,001 | 208951 | 219399 | 230368 | 241887 | 253981 | 266,680
nssuARUANGYS 581,462 | 534,812 | 485848 | 434,454 | 380,509 | 323,886 | 264,451 | 202064 | 136578 | 67,838

'
o w o

M15199 4.7 nszualuanvasandonusgyluihuuuasuaudrydingladuundnuasi 7.5 um (1 1a58)

<

NSTLARUEAYITI (UN)

seldommsuelih | 1275465 | 1275065 | 1275865 | 1275465 | 1,275.465 | 1,275465 | 1275465 | 1275465 | 1275465 | 1,275465
NIzHERUanY1an (UMW)
ﬁuamm’%ﬁﬁu 1,272,329

AnlgIneatiueu 600,000 630,000 661,500 694,575 729,304 765,769 804,057 844,260 886,473 930,797
f’i’]&[,‘l’f"\]"l&ll,agﬁl 3,826 3,826 3,826 3,826 3,826 3,826 3,826 3,826 3,826 3,826
Anjrgednuiily 5,966 6,085 6,207 6,331 6,458 6,587 6,719 6,853 6,990 7,130
ﬁﬂﬂﬂ?ﬂ%ﬂ‘l&)’li']ﬂﬁiﬂ’]ﬁ 29,831 31,322 32,888 34,533 36,259 38,072 39,976 41,975 44,073 46,277
f’i’]&[,“l’f‘\]"lﬂ‘ill']ﬂﬁqin'ﬁ 32,347 33,965 35,663 37,446 39,318 41,284 43,349 45,516 47,792 50,181
nixuaﬁuaﬂqw'ﬁ 603,494 570,266 535,380 498,753 460,299 419,926 377,538 333,034 286,310 237,253
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nszuaRuanv g (um)
seldonmsuelni | 1698637 | 1698637 | 1698637 | 1,698,637 | 1,698,637 | 1,698637 | 1698637 | 1698637 | 1698637 | 1,698,637

nszuaEduaarI9an (UIn)

Ruasmuisudu 2,795,225
Anldaredniiuay 600,000 | 630,000 | 661,500 | 694,575 | 729,304 | 765769 | 804,057 | 844,260 | 886,473 | 930,797
aldsreade 5,096 5,096 5,096 5,096 5,096 5,096 5,096 5,096 5,096 5,096
Anfagednunaly 11,932 12,171 12,414 12,663 12916 13,174 13,438 13,706 13,980 14,260
Arhgedneselasung 59,661 62,644 65,776 69,065 72,518 76,144 79,951 83,949 88,146 92,554
Aldsemegsnis 71,065 74,618 78,349 82,267 86,380 90,699 95,234 99,996 | 104995 | 110,245
nITuaRUAAgNS 950,883 | 914,108 | 875501 | 834972 | 792,423 | 747,755 | 700,861 | 651,630 | 599,946 | 545,685
M99l 4.9 nssualuanvesandnusgglwihuuudduaudidgmneldfuundsai 7.5 um (3 Le3eg)

nIBUARUAAYIT (L)
seldvnmenelndh | 1742668 | 1,742,668 | 1,742,668 | 1,742,668 | 1,742,668 | 1,702,668 | 1,742,668 | 1,742,668 | 1,742,668 | 1,742,668

nIzUAUEAY128N (UM)

ﬁuamm’%ﬁﬁu 4,072,280

Anlddredniina 600,000 | 630,000 | 661,500 | 694,575 | 729304 | 765769 | 804057 | 844260 | 886,473 | 930,797
aldsreiads 5,228 5,228 5,228 5,228 5,228 5,228 5,228 5,228 5,228 5,228
Anjrgednuiily 17,898 18,256 18,621 18,994 19,374 19,761 20,156 20,560 20,971 21,390
Artgednenselasung 89,492 93,966 98,664 | 103598 | 108,777 | 418216 | 119927 | 125924 | 132220 | 138,831
Anlddremegsnis 103,533 | 108,709 | 114,145 | 119852 | 125844 | 132137 | 138,744 | 145681 | 152965 | 160,613
nIzuaRUEngNS 926,517 | 886,508 | 844,509 | 800,421 | 754,140 | 705556 | 654,555 | 601,016 | 544,811 | 485,809
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nseLaRUEAY I (Un)

swldonmsueliia | 1700015 | 1740015 | 1740015 | 1740015 | 1,740,015 | 1,748015 | 1740015 | 1740015 | 1,780,015 | 1,744,015

nszuaEduaarI9an (UIn)

Ruasmuisudu 5,627,868
Alddrediiunu 600,000 | 630,000 | 661,500 | 694,575 | 729,304 | 765769 | 804057 | 844260 | 886473 | 930,797
aldsreade 5,232 5,232 5,232 5,232 5,232 5,232 5,232 5,232 5,232 5,232
Anfagednunaly 23,864 24,342 24,829 25,325 25,832 26,348 26,875 27,413 27,961 28,520
Argssheselasung 119,322 | 125288 | 131,553 | 138,130 | 165037 | 152288 | 159903 | 167,898 | 176293 | 185,108
Alddnemegsnis 143,081 | 150,235 7| 157,747 | 165635 | 173916 | 182612 | 191,743 | 201,330 | 211,396 | 221,966
NIZUARUENENS 852,515 | 808,917 | 763,154 | 715118 | 664,694 | 611,765 | 556,204 | 497,882 | 436,659 | 372,392
M9l 4.11 nssualuanvesandauszglnihuuuddunuddamnialédunundsnunsi 7.5 um (5 1e3es)

nIBUARUAAYIT (L)
selgvnnsnelidh | 1740015 | 1740015 | 1,740,015 | 1744015 | 1,746015 | 1,748,015 | 1749015 | 1740015 | 1,744015 | 1,744,015

nIzUAUEAY128N (UM)

ﬁuamm’%ﬁﬁu 6,761,577

Aldgedniiunu 600,000 | 630,000 | 661,500 | 694575 | 729,304 | 765769 | 804057 | 844,260 | 886,473 | 930,797
Anldidneiade 5,232 5,232 5,232 5,232 5,232 5,232 5,232 5,232 5,232 5,232
Amfage¥nunaly 29,831 30,427 31,036 31,656 32,289 32,935 33,594 34,266 34,951 35,650
Andrgednensglasung 149,153 | 156,610 | 164,441 | 172,663 | 181,296 | 190361 | 199,879 | 209,873 | 220366 | 231,384
Aldgen1egsnis 171,904 | 180,500 | 189,525 | 199,001 | 208951 | 219399 | 230,368 | 241,887 | 253981 | 266,680
nszuaRUENgNS 787,895 | 741,246 | 692,282 | 640,888 | 586,943 | 530,319 | 470,884 | 408,497 | 343,011 | 274,271




31

o 1 a & & A qu N w v
4.2 dns1AUINITTURe laanldnusealnihAunu

sununsaLiunuwanaiulusdasyssinnvasannidauseadmsueueudliin vinliae
AudulunsimuesIAIAIUINITIIASEIUTIMINTEL N13ANUATIATLADITISAUNAIULANAY
YDINUNUAINGTT LTlDTEYNTIAUTNSTUI IR UsEnaun1sanunsausmsssiaannil sausey
lnfinlaagnedsdunasnssezialasinis lnenaluniesdnussgdnsveueudliindengnisldau
wagUszaa 10 U Aty Aruinistusimisgnimuabiegluseauiainsasessuaildanglunis
o a ~ o % % ¢ o & v a o A 1Y)
Aviuanuvesaniidausyylninlinaeneignisldnuresgunsal Inslidnludesdaduasesdnusey
Tl isniy

= dyl ¥ = J 14 ! a v d‘ A 4

nsfnwrllyaduluiinisimuanseulasiasiesimaiusns sadselniivunzay el
21015038 YINAUINISTUAsaInI 038aUsEY I M@ edanuausalunsaiuiuvesanill
RABNIZELLIAIIATINTG Nadnsildaztisaduumaiilussuulunisuimssunuuazimunnagns
auseisngauiunisandugsivanisnszadmsuausudliihlase1aiuszangam

A— gl

(o]

—0— anilAud AU

@
/»

q

STYLLIANAUNY

/2~ U

[N}

o =N

6 6.2 6.4 6.6 6.8 7 72 7.4 7.6 7.8 8

ans1AUIN1TaAYszY i (Unseviiae)

5UNl 4.3 ssezianAunuresanddaussglifivun 50 Alaing

NNFUT 4.3 wansszeziaAuueanilsaussedmivenusudliii 2 Usviam ldud aanilsn
Usgqliihdduanuddgduaraniidavssalwiuuuialy dwfvanddauszqlaiiaey
ANuddRi1 SasiAUIsiannd 6.3 vindeniag vinanniliannsafunuldnieluszezing
Tasans iesnnssuaiuanlianmnsasossualddefiiuduluiasdld duiu ilovneduyu
fiutu Ausnisesgnimualid 6.3 vmdevaetuly luvueiiandsaussalnihuuuitluges
fsrunAuU3nIstusg 7 uindewiiag elwannsadunuldnglulasins SaRnaindunuenld
figanimesaniidnuszqliihuvumldidleisufuanidduanuddgm vilidosdsnmauing
&iam'saﬁgﬁuﬂizmm 9.529% \flonseungualdaglunsduiuamiiviiiu

nslaseiiiuliivugs ANUAIAYTDINITAMUATATIAIUTNNTRE 19 Nag NS Tasrdlans
ANUAANIZVDIRUNUNTANTUNUREENTENYIWREUTEINa T §nUsequiin ssesianAumu
awLdudd Taiiddny witiesdadeiagienaliiiganelunisussifiudnenimnisamu Fafu Snsn
mamammumﬂimﬂmﬁﬂLﬁuﬁﬁ?ﬁ“@ﬁﬁmmﬁﬁ@aéwﬁa



32

U 4.4 wandliiiudn Shswaneuununeludutadeddglunsuseidumisasnso
Tumsvirinlsveslasanis arnsanIsiasevinudn anfisauszaarduauddaenduuliuls
wanauunufiginitannfsauszqliiinuuuialy Megrutu mndesnslidnsmansuunuves
TA59n1589n91 12% aanilsnuszqlaiidrdiunudifgyaasiivun ATUIN1TT T 6.6 Ut
i luvazianlsauseglniuuuilufosimundiuinisd 7.1 vindewiae ilolils S
nanauwnungluluseaufe i

Ly

wen iUt 4.5 SuanimanisiieseilaglduantagiugviunaslunisUsadiunisamu

a

ynanndsnuszalaidrdunnuddnminunaiuinigi 6.6 vimdentae Tassnnsazlviyad
Jagtiugndindu 1,645,532.64 v lusaziaanilsauszaluiiuuuiluiidvuadiuinigd 7.1
uwaviag aglfyardagiugnBiinty 1,691,66095 uwm HednsEYIiiuIaesan LS
wansuuunslulazyaiagiugusluseiuifianela tandifiudisamiaulavosnisasuly
anfidnusyadmiususudliinnelilassairudmsiimnyay

0.5 .
anfimly

04 | =0 aonlanudfyainuses
g k
= A\
= 03
2
S
=
g 02
=}
@
G
€ 01
=
s
@

0

6 6.2 6.4 6.6 6.8 7 7.2 714 7.6 78 8
0.1

ansATuIN1sanUszalviih (LInsenine)

JUN 4.4 dasmansuununisluyasanidondseglnihuuna 50 Aladnd



33

5000000

4500000 —a—amivialy
g 4000000
2 3500000
2 3000000
&
=
p=}
2.

—0— annfimnudAgasuses

2500000

@ 2000000

=]

-& 1500000

(]

=2 1000000
500000

0
6 6.2 6.4 6.6 6.8 7 7.2 7.4 7.6 7.8 8

3

ansA1UIN1sanUsEevih (Umdawiiae)

JUN 4.5 yarUagduanivesanmildntsealuihvunn 50 Aladnd

9 9

'
a = a o v !

wiifT Yanranaiuusskan1s i ginsasuitaueaslideyaiBedn d dysionns
sndulaasuludnniisnyseadmustusudluin wiasnssvinidadewmaiiiuegfuiteulunay
muFINlanigteinamuIsagse nasuLdazaunIaiinamnuaeaiulun1siionsan i
“Shsmanauinudivinzan” msegluszivla dedsualasassionszuiunisdndulaiiedfunis
AnuadninAuinistasanisauszadmivsueud I uonaind mafnwanoundaddnld
aunfgiud dunundsnuduaiaeilunsiiesnginiemaiuvedlasins GslumsaUfoadunu
wdsuvesdnisnUsggluiuvvialuiaadumunulsvevesniay ¥liniswensaldumu
wuunsions Waz Ui swunuilias sesegndedifiesne
fed TunsAnuiTaldliuuameidnatnundulumsionsaduundng Tngd198anada
Fusunundsuressanalnefoundndussesann 10 ¥ psliemesitoyalusfatiaasliannse
aansaiuualduvostunundsnulusuian dadutiadediani fosimauseneulunisaine
WUUTNReIN NN SRUYesamHdnUsyIdmsueueud Iwineg1ediuseansnm
Nntoyaluguil 6.6 lassahssuyuenliilusemalneysznause 2 ssduszneundn Taun
1) funuenliihgu feivuslaeduyunisudaliiiuasnsliuing Tnsundudaayldsunms
USuusslminn 3 -5
2)  arlwihfuudsdaudsuulawmifunudemduazsununsteluiannaentunde
Uszinaiioutu Tnefimsuiuanliiindunusn ¢ e silnduiiadvddniidmanie
AUAUNINY IR LY
Yoyaluofndliiduird i duuisenaddauluuisgisne faneeaiiluuisgissa
Alnlfinerasndndnlifiigiu egslsAmuuualiiilnesmasiouldifiuiia i duunlduiugy
Tuusiae? Sulunaunandadeneusnvaneusenis
dnsudna. 2567 Idinsiuniiailaiitushiivagliandsnseqluihuuuiliifiaies
dauszqluiihdury 1 1des aunsadudunuldegdsdunaenszernanlasinisiagliviayudes
ogffl 6.9 vdeviag Tadrsdenuunltudunuarlifihfininnisaiiasduduedes 1.13% el



34

delilassnsanunsasidunuldedos dliuinsindudomiusnmansnmstuimusamns
dinduvosalii Fauandliifiuluzudl 4.6 Taelude. 2577 A1usnistwsiitandsauseqluih
wuuhludesimuaieliannsadidunuldesiiiefiosnw fe 7.356 vmseniae

Turhueaieriu dwsuandauszaluihddumiuddashdatmunsnsauinstumi 6.3
vwsentelul we. 2567 aedosiuiudu 6.756 vmdevhenigluln.a. 2577 Wesnwai
funsmamsiiuveslassnmsnaonszeziaa 10

8
7
6
= 5 | \
S
~ 4 j -
e
&
< R
[ 3 - B = » . =
| ' J \
N s | bl
2 b N S
- -
| | / i £ ]
d o x
N/ B &
g e He nl 1 = .
2501w 2568 42569 (V25707 25¢ 112502 2522574 | 25¥5%| 2576 | 2577
- vl 6.3 6.3056 63912/ 6.4368 6.4824/ 6.528 | 6.5736 66192 6.6648 6.7104 6.756

anniddumnud iy 6.9 1 6.9456 69912 7.0368 7.0824 1 7.128 7.1736 7.2192 7.2648 7.3104 7.356
— e §eud i 405 410 414 419 424 428 433 437 442 446 451

5UN 4.6 saA1A1ussievheiminyandmsuanusauseq i

mAdelusmnenmasyufuluiinisufulssanuuuglunisainnisaitazaruudauns swes
wuuiaeansRuiifgatesivaniisauszadusveusudinin ngdssiiuddnussnsvilsde
ﬂ’]ilﬁimﬂ’]iﬂ’]ﬁLﬂ'ﬁﬂ%ﬁﬂ’&’mé@ul‘lmLﬁ@ﬁ\iﬁﬁ]ﬂ@UNﬁﬂi%V}Uﬁa’]ﬁ]Lﬁﬂ%uf\]’lﬂ éfuﬂqumiamﬁy’ﬂﬁl,l,ﬂiﬁu
uarmnmdsnuiituany nemilidadamardagtaglfuusdasduouananunsoaziouanin
wswgAafiwfassvedlassadnefiugiuanid onuszq dviuerueud i neldanignaind
Wasuulas uenaniimsuiulssnsmiamsaiiuguatinwinnsisnsandeyadifimuan gy
fwatmuintu Wy eudumiuresnaiandsnuuuuiealns nsysannsndsunuiouuas
nadsuuasinunloviendsnu Jadomardannsosislinisaanisaifuyundsnudani
wiudmazanunsauuiasuldegnamnzauiuaniznain

szuumstmuasauuulauniin auiusnsAmuimamasuunsiidunuidsundas (u
\n3osleddnyivaeliannisnuszadmsvesudlniiamnsadduanuldegadsdu msimun
AusnsliaenndosiunisivasuntasesdunundanuiassUiuuguasd azgaeliiusznaunns
ansanuanvansalunsyiiils Tuvaeidsnaauednsaruinsiudstuldliiufuilaa
szuvilliifissudoifuanuangunisnisiuvesanidauszadmsueusudlni uidse
nagEranszIvInduuiistul S Tdanlddruwdvagrndussy apsansgnuiiorafindudy



35

naslangunilslasianiz venandssuunsimuasauuulaundndeanansadunssgdlaliifa
nslduinislurasuennaniia dreuadszaninmnslinineinsuazanaunesaveslasiaiig
fugrunmssaUseglifiluthanaiiiiguasdas Biawnsn duanuausalunissesiudldenuoud
tildundu annisasmudiudslulassadsfiugiu wasifiuussdnsnnmssnduauvesanni
dauszadmiueusudlni Fansuiuussuumdnaniodudedniu wWesndunuen iy
asRUsznaundnvesrlInelunsaiiunu wasdamalaensaionnuaunsalunisinilsvesaniil
anuszadmsueueualnin nsldmsiesgvnussulm asdielianunsavianudnlananseny
vosrufunlsvesunulddaaudeiy wartelinmunudaniunisal fussansnmnnty
wonanidenddelusuianmsrumsiimesiieitodu 9 wu amufamimanalulad
lun1sdauszalidueueudlnii dnsiniseensvvesiuilan wazuuilumasugalusedugiinie
el nmsumanisiiuiiaseusatiazuiugid sy Msusuvguviiaedinseunquiade
wanflazdaeliifssdlunimmensaidununarngldlidanuulugmnd uvingy widaeld
annsovhansdilatualuaudedulussszonuasnainvesnainan 1idaUszgdmiveusud
IiinldATy uasilotuuiaeswandldsunsauinasuiulssastaelidddanlddudsaunsn
dnaulaidenagmslfessiivseavisnmbeiu lugnanunsauenueus ihisadafvlnegesn

4.3 HANITZNUVDWUNUNENIUABAMNENIFAlUNITVINLS

MALUUTIae I s adslud LA ounY Nanisnassmian1siuvesaniil §aUseq
dwnsuenupudlii aunsoudseendu 2 suuvunan loikA Luvdiaemensiuvesanionuseq
T T dunuwdsanuasit wazuvudiasmanisduresaniisauseg i A dduyundsay
Wasuwdasmnuiian Jakvudaewdrdsasiiaansnieneilsyansammnansiuvesanid
dauszadmsueueuslilinnelfamunisaiiunnssiulsedsasoungy

LU AWM s iuresanlsnU szl AT unund A §198ananuRgIudiin das
Al laAsuuUamaenszesaailasems Luuiassilideyadednifsatuanimdululdms
nsiiuvesanidauseqlniinieldannng i sandauiiafesnan vinlwausauseidiy
mmmmialuﬂﬁv‘hﬁwlsﬁugwml,awamauLmumﬂmﬁamulé’aEJNLLaJuE]’w Tunienduiu wuuinass
n1amsiiuvesanisnusea i ddunundsnuld suivasiuned diauslassasiadunu
wianuuuulnnfinfiasieufanuiuruvessanalifihlulanaridusie msfiasansansenu
yesfunundsuidsunlase Teldlagaldarsvesaniitisliannsadlanudang unis
n1sRukazaNgsulmvesanldnuseadmiverusudliiireanuduniure i ungulaa
Batu

nMsSsuiisuiuudaesdiunundanuasiuag duundnudsuuUamuna neldiieuly
Wiy el saUssiiunansENUTeIANURULUSVIA U UNE 1 UADUTEANSAINNaNT Y
Tnormuazanadssvesanisauszadmivemeudlin MsiATIzRR TanensGudtddey 1wy
waA1Uatugns dnsmaneuwnuniely wagsseznaauu Trelvidduladinudsansadaaula
Rerfunisasmu nagnsmstmunsia wagnsuimsiamsmsiniunuldedraiussansamiio
WineudsBumsnsuresanilnuszadmiveusudlyiin



36

Tunuudiaomensiud 1 dvuaduyundsnududined Guamuiuduiididuauiideann
Funuitierdestunisusudgaanisauszqlulin egnslsfmuiloandiFudidunsnssuaiuanay
Aoy 9 Wity vilvdnduituamuanas aeludi 4 - 5 dnasmuanunsoaaniassesnaAuyud
4 9 vdndulasamsazairetilsnnnszuaiuaniildsu fennuunldufianduzuil 4.7 wui
nszuaiuanduulfuanadluudas? uararnuualiufandnannsausdlénn uihandsadsey
dmsueusudliinazanansadidunuldnelusseznalasaimsiidmun uieudidlussezem
o1afimwlsintuou 1819 10 nszuatuansamduunliiuanas uandliiuiennudululad
wAnnnzanuseilosnnlassnsvenseenluifuszernaniivsnzay

Tumsmssfutrauudassmsnsiuil 2 Fajiausnansynuvesiunundsnuiiudsundacilo
naruly uansliiunadwsiunnsnafudndes dunualiunssuaiuanianuduiivesninile
Weutuuuuiaesd 1 azvieulidiuinnszuatuanseUimninslddunundsnuasi egslsiam
anfifsnsanunsaaienssiaiuaniiduunly uaynduiniinaneuunuatnfuamulugsdi 4 - 5
uiraanisnuszqlwihilduuudraesdunundsnuudsiuaraiansadunuld uianguuuues
Guwlti wuidueti 8 — 9 Jusiuly nseuafuaniduanasindssiuanldsedmaliAnn e
Panuianndeuduansresiialasinisidinssuaiuansvadassnisagdinaduuin B
A Fudnaniidauszaliinausafuduunisnoadislinasnotglasinis uazannnsiesed
Bednnuin Aiduuysvesduunas i huwuSIaes 2 iaanuliuuueulunisdniunuves
anSnusggdmusmendlnih uiihasddnenmlunisadsansuunuiiadu wiiianudedia
Aarranariifilsannawdeviamuiiistudy dniu §fdulddnudetesfinnnnodnsouneuiston
vosrutuamnsiulusuuhaesiunundsund uaslemalumshdilsfinindu uddanw
Hoaganilunuudiaesunundenulaguuasmuna

szagalasens @)

0 1 2 2 4 5 6 7 8 9 10
1000000
E 500000
2
w
= 0
&
[
©
& 500000
e
© -1000000
<
-1500000
——anndifuundsnuadt  —— aaddunundenudsunamiaian

o

5UN 4.7 nszualuangnsandmiulasimsidaunundenuasiiiazivdeunlamiunan

q

WaNansau1518ard8nvads18tawarAnlda18lunuudIasdi 1 mUNLEAIURISIN 4.2 Wuin
selavesanfisnuszlniinedii 1,048,023 umselaai Leindununduasi agelsiniy



37

nszuaiuanseliinnuduniu Tnesudud 376,735 v wavanategwaidoduldn 9 1U Judn
Mnmadivduresalddelunmsduiua dwalvimlsansveddassnmsanamiudidiu wiiiaed
wnltifinszuaduananas uilasansdinsainsainuinszuaiuanifuuinldnaenszoginan 10 1
desnneldanmsuelwiidsasanusasnealddediufuld fadu anddauszqlud
Haannsnsesiudununensuimsiiatuld vihlviiulafenudsiumnsiuredasing
uagHadnsileiannuuudansd 2 Fsagulilumsned 4.3 wansliiiununliuiiuandneain
wuudaedi 1 enuimeldanmsliuinissauszadmiueueudlii Sunliianaadolasins
fuduld Fsamaudninandnmauimsiihiinsilusasiduundemuiuiunn® dmwaliseld
avsvesannilanasedureiiios uazilefslil 9 veansduiiunu anfuszauiunsruatuaninay
Faunoanuimeldanduinisivihliifiemenageseunguaildaslunsiniuny



M13199 4.12 HamFInTeinselatuanvasanddnusy el Wedunundenua

38

nszuaRuUaAILg (U)
swldonmsueli | 1008023 | 1088023 | 1048023 | 1,048,023 | 1,008023 | 1,048023 | 1048023 | 1,048,023 | 1,048,023 | 1,048,023
NIzhaRUanYIan (UIn)
Ruasmuisudu 1,272,329
Anldaneatiueu 600,000.00 | 630,000.00 | 661,500.00 | 694,575.00 | 729,303.75 | 765,768.94 | 804,057.38 | 844,260.25 | 886,473.27 | 930,796.93
ﬁﬁ1‘iil§jﬂ8Lﬂgﬂ 3,144.07 3,144.07 3,144.07 3,144.07 3,144.07 3,144.07 3,144.07 3,144.07 3,144.07 3,144.07
Fi'lﬁ’]‘é»i%'ﬂ‘l&ﬂﬁl"ﬂﬂ 5,966.10 6,085.42 6,207.13 6,331.27 6,457.90 6,587.06 6,718.80 6,853.17 6,990.24 7,130.04
Fi'lﬁ’]‘é\i%lﬂ‘l&ﬂi'ltllﬂﬁll'lﬂ 29,830.50 | 31,322.03 32,888.13 | 34,532.53 | 36,259.16 38,072.12 | 39,975.72 | 41,974.51 44,073.23 | 46,276.90
ﬂ"ﬂ“ifﬁhﬂ‘lﬂ']\?ﬁ‘iﬂ’li 32,347.35 | 33,964.72 | 35,662.95 37,446.10 | 39,318.41 41,284.33 | 43,348.54 | 45,515.97 47,791.77 | 50,181.36
nszuaﬁuamqv@ 376,735.30 | 343,507.08 | 308,621.04 | 271,994.34 | 233,540.03 | 193,166.81 | 150,778.80 | 106,275.34 | 59,550.74 10,494.02
A15197 4.13 HANTIATIBINTERARUAATBsE HanYT Wi Lﬁaﬁunuwé’amumﬁEJuLLUaﬂm:unm
nszuaRUanu N (V)
selaannisunglnia ‘ 1,048,023.32 | 1,036,180.65 ’ 1,024,471.81 ‘ 1,012,895.28 l 1,001,449.56 } 990,133.18 | 978,944.68 | 967,882.60 | 956,945.53 | 946,132.05
NIzHERUanY1an (UMW)
ﬁuamuﬁué’u 1,272,329
Aldaneaniueu 600,000.00 630,000.00 | 661,500.00 | 694,575.00 | 729,303.75 | 765,768.94 | 804,057.38 | 844,260.25 | 886,473.27 | 930,796.93
f’i’ﬂ“l’f‘\]"lﬁll,agﬁl 3,108.54 3,108.54 3,108.54 3,108.54 3,108.54 3,108.54 3,108.54 3,108.54 3,108.54 3,108.54
F"i']ﬁ']?\‘i%’ﬂ‘ls}']ﬁy’ﬂl] 5,966.10 6,085.42 6,207.13 6,331.27 6,457.90 6,587.06 6,718.80 6,853.17 6,990.24 7,130.04
ﬁ']‘lj’ﬁés‘l%’ﬂ‘is}"li'l&l‘lﬂiu’]ﬁ 29,830.50 31,322.03 32,888.13 34,532.53 36,259.16 38,072.12 39,975.72 41,974.51 44,073.23 46,276.90
f’i']&[,‘l’f‘\]"l&l‘ill']ﬁﬁqin"li 32,347.35 33,964.72 35,662.95 37,446.10 39,318.41 41,284.33 43,348.54 45,515.97 47,791.77 50,181.36
nsmaﬁuamqw’% 376,770.83 331,699.95 | 285,105.06 | 236,901.8%3 | 187,001.81 | 135,312.20 81,735.69 26,170.16 -31,491.52 | -91,361.72




39

Lo

NanNFIIaeImMINsiuvesandsausygluiisaesUszinil wWuliiudmansenudAgyue

NsEinFuvesuuNdIIUdenaUsTnounsvesantll uilnsaifuanuvesanil dauseydmiu

' '
=Y

gugudlinaziisdeaiufuyulagnssaneiliin widesiisdsadaelumsdidunudy q 7
prafisdumunm WeRasumnndwesudnlunmsinmsinsamuisiandunsed 4.14 wui
faudfszsrnanAuyuresaniisaosssunmizadisafeiu uidslianuuanaeiiddylusd T
A5ELBY 9 FsmrssRiieuiieuiuandiiiuiwmansenumemsduiiuansnstusswinsaand
dauszqliindldfunundanunsdl uazannisauseqlwih Alddurundsnuasuudamunan
wuiwuudaesil 1 Ssldfuyundsemasd aunsadnunssuaiuanduuinnaenszezialasins
TurnigAiuuudaesi 2 uansliiiuiunliuneldfanasuazinediaainangnszuatuanina u

D

TnenadwiinariugisenudAyvosnisussfiunanssnuvosnuiumurasfunuNEIuse
UsganSnmmenisiuuaseusiunstussorenvosandsaussqluih didulddrudesndudes
ﬁwﬁaﬁaﬂﬁammﬂiﬁaﬁmﬁu%Lﬁmﬁ"uﬂaqwﬁ‘miﬂ"mumwmﬁw?mmazLLUU@j’waaamamﬁﬁu
Welsiiulahaaniasnsasidunlsednddulunmendsnuiivasuidasmasaian

M15197 4.14 N153ATBININIsRUasanlenyszadmsusnueudiinnigldneuluduyundsnu
WUUASTLaE UYL A ULUAIRNILIaN

wisrflimasiidiasizy Funumdanunsil funuwdssuasuuyamiuan
szenanfunu @) 4 4
dnsmWanaULIuNelu (%) 14.55 7.28
yar1Jaguugns (uwm) 1,711,781 1,347,781

4
a 6 v A a a o

PNNFANYIALIATIEANMIT IAVInIsRuvesantnUsydmsveueudlnih lnganunse

2 §7 '
v 1 v v A v Aov Y s

ayUoonunnelamdinumasdl el ssezhanduny Fadudidinaussazanldlunisfuyuain
nsghaRuanYesanIll ki sa InlYaunund I uAmkazan LR unun s uasuLUasny
= d o v v = o o A 1 = ' b

nanvslisseriapuuilnglfosiunusednn 4 U uadayiatimigsegufliaunsoasyiou Ay
LANANYIANIEBIMAT AN WS lu s ls suluranlassas e uunasnuld d1msu
gnsmanauLnu8lui iui T indnsmnanoulnul U AAnII9InN1sAMY dmsuaadnld
AUNUNTUUAINIET T TIHanoURNUAelUvNAY 14.55% Fagandranidnlddunungeau

N Ao o = T = ) o o
WaguwlamunalNignsmanoulnunieluiie s 7.28% Nadwsius¥Inaununasauai iy
HANULVLINNITaUALUAaviiaulad s utnamundoinsanaudss Tunanduiudng
HanauwunglufifasvesaaiAldauundinuwdsuilasnunal asieuisniuseulnii
FUUHBANAUNIUYRITIAMANU Teenalualassadenisamulussezend Luudasinagnsnis
muuasiAfiaunsaUsuasuldauduyungsy wazgavinefeyanidagiugns Jududyin
Anuasatuntsiilsvesantd lngfnruinyadiveinssuaiuaniueuinnneliuuifnves

I a ' i 9 a Ny vy Y o i -
yaAmRumuian wud yardagduansvesaninldiunundanuasniyac 1,711,781 um vauei
anfnldiunundsnulisuivamunaniiyardagiuans wirdu 1,347,781 U Auuaniail
Flnuinnsladfunundsnuasilianulaiusauninisdulussezennuinnid Weswinaiwise
Amn1saldunuuazranibsla ety luvueiiyar1dduansnanindmsudunundaay



40

Wasuuasmunavsihaudunuresnamdsnueansgudeanuannsolunisvsilsves
lasansluyaeingveenglasenis
Msinssidanniinvesiadianenisdudiuliifiuismuwnndisssrinsanutuaamisnis
fuuazeuBavgumasuyuandilddunundsnunsilinanouunumanisfudiganituazaiansa
mansallddiendn vardsadildduundinuasuwamunandeandyiuanaliuiueud
1t Sepaiimatansenudeegtamnya
wansnwniidusdsenuduiufithasmufesssliunatavesiunundinuegissouasy way
fannagnmanmsiuivngauiuanimindonnsaifiunuresaniuagseduanudssigoniu
1§ nadwsanuuuiasmisnmstuisuiuliifuinnuddyrenisfiasundunundsnudien
WA BuLUaInuaT wiianisaesussanasissaznafunuilndifssdu dnasyuais
TieudAnyfunansgnuve U LuwaaLLU siusosd Tammansiu 1wy snsmansuumunigly
wazsar1dagiugns psuenAai danaldssnintuuusiaesan sz lwiisaosussnnil
Fliiuisnnusndulunismvusnag ninimaiui usulfmunsani eanaud ssuaz
maneuuilugaiangsauiiinnslasuidasegnasniia



41

unii 5
A3UNaN15IL AT YDLEUBLUE

nsAneilarinisimsizvianudululsnianisiduresanidsnlszadmsuenusus Ty

q
U

Uszindlneesaseuagy Tnsusziuguuuunmsdndunuiiunnsistutasdunundsnuiiisados
nadns 7 lisasianseuuuAniudaunssdmiunisimuaulouis deaenad safuniswaun
TassasaiugrudwiveusudlihimdaiulawageuvannvaigvesUssinnaniisasz gl
ulsnnefifiuszansamlunsatuayugluuvanidfivannansastaelilassaireiugruiiadyil
annsaftwunlulufiensiinevaussieninudesnisvesild vy vazfordufdessnuinaiuas
nadndeiifusssn MnranTiesgitRRuTH AR oUEIuT IS I uLaE ST YA AU LD IAN T
Savszadmiuusudliibdaruseulmawadiumaiasdaussaluihiiaads fegradu anii
finfeadnuszaluiluaieador Idnsmansvununslumiiy 24.18% dmsuaninaly waz
39.86% dmiuanifaiuanudifyen nisuiuszoznafunuy 4 9 wag 3 Y awddu Tuvaied
anfifiiedesdauszqlnihdaun 2 1e8osiuly wuidisysznmuuiientuuey Shamansuuny
melufianas Ssawvioufanauvihmefiinarndununsasuuaedunsuiuuii Ry
dnsudnasudoyadwfmaumadlitogaiidulsslevilunsusaduaudosmmanisdu
LazHanoULIUTRsTULUUAR TTuAnE137Y Inglanizaan dvunadndil a3 sadauszqlyiind uau
1 - 3 i3 sstuiduiudenduiaulaninndt venndmsmmuanseusiaddaauainnsinui
annsavagfiuauiaelavesiltuaniusninsliduing Jsdmasioussansammiansiuves
anilluszarenande uavdmsugrmunilouts msdnwdiueudidyvenloveiiannn
USuialdifensefunisaamuainniatensy duasunislindsnunmymiou uazangUassasiy
ngsvsdeu 1m3n1539la iU MseanuudAIliwaznsadvayuluamu dunuimdfglunisan
Fununsdfinguuaranaidssnisdu uenaindnisdaaiiaududossnieniaiuay
lenyudsanaNTIIBHANAULTANTIY anfun wesimn SIS nssnUsyadmTuEueudluih
AU e IR uUnAsulagtawgluaniidavsyglniuuuialy deieufsanudndu
Tunslduumanistwueaiidenudangu milduuudiassmsmanisalidaduddnsdann
Toyasiuvundsugounas 10,1 annsoldiduiiugiuluns eanisaisiaailaiilusuanuay
FroimundasAuInsimuas msﬂﬁummm'{[maamﬂaaqmmuwuwawmwmmmicﬁa l
Arwddyodnsdaonisinuanuiuasamaitluseozens uenandnmsliesgisnadning
fusdanandliifuinnsinundnnaiuinsimzand utadeddylunsfuuainnsasmu
meldideulunsdaesvesmsdinu anildauszalifiilusniudestmuasasausnmsdusi
Useanad 6.9 UmaenUlY Iummzﬁamﬁé’mﬂszﬁﬂw%ﬂ'}é"]é’ummﬁﬁayﬁ"qéfaqﬁfmumw%ms%uﬁwﬁ
Uszanad 6.3 UIMeanUle é’m’]ﬁw%mi%uﬁﬁma'wﬁLﬁuLﬂﬂ;%ﬁﬁﬂﬁ’@hﬂﬁ%’ﬂ@ﬁﬂigLLaL'ﬁuamu‘fJumﬂ
paono1nsFiunuresantd warthevawedununssiiunuiifiatu Saduliituinagns
MsimuanIATivnzafesazvisufdasiaiwiun Uz vesusar UL UUAnNT
NSANYIHANTENUNINTRUVBIRUYUNG 1 Uiean i gnUszadmsug eudlnildlvideya

'
a o

WeanidAgAsnuamugugdeurssn1saiiuaulunaiandsnuninisivdsunainasniiaiuniu



42

mstaLarAT LU aemamaiy KamsAnuFliiuiieuiusouresuundsnudma
Tnsmssenrmanansalumsiilsuazanudsduvesaniil Snuszadmivomoudlnin aannis
Wisuiisulassairsunundsau wuin anrdsaussaliindlddunundsnuasifisnsmanouuny
aelugand Tneegd 14.55% ey 7.28% luandflddunundnuidasuuiamuna egls
Amnuusiiian dAldFun undsnuasuulasnunaiagiianus sulmreanufuniuyessa
w¥ssnnni uifilentafiagldunaneuunugalumndunundsnuanas Tuduvasyaitiagii
avid anndldFunundsnuasifiyadiiagiuansgenin lngeg 1,711,781 um Tuvueianndild
Funundssuiasuulamunad yasiagiuansvindy 1,347,781 vin Ssusdihnmslilaseadig
Funundsnuuuuasivagliannsomanisainaneuunussezeldogediafiosnmanniy way
wihsassuuusaessuandidiussoznardumuilndidosiud 4 U wiaodifldsumundanuasd
fauifuadunsamugeniy lutaesiaonidlduundmudousamiunadandegeiu
ilesanmnuduiuvesIcwaInueadasanaUsznounsiuouan
mamﬁmeﬁﬁyﬂuE]éwENmmﬁwﬁ’zwaamigmﬂmam’mﬁuLLﬂimaaﬁunuwé’NmL%’ﬁU
MINAUHUNINIRY Wleanmnsndsaiasinwenudsiuesmsamuluanidassqdmive meud
I luszoze dnamuuezididunuiidudesfiaisannagnsnisuinisnuids waziaum

AusununasILeg1seuaay ieliduladtanifanuisonfiusnuldetediussaniamviiunans

a

anmuandeunandsnuiidsuiasegiane nsdnwidinaueteyalidniiduusslovise
Arivuauleuny Juszneunis uastnasu taswandiiuil audussesanniondsedmsu
gusuilulsunalnetusgfuntsnwsudanagns msddsisruinussamiiazguasd wioui
nseuuleungfifiusyansnm uaﬂmm‘fmﬁgsmmﬁgﬂLLuumi@TﬂLﬁumuﬁumwma NI
seiiBaveu uaznstmadnsAusnstusfangay swdutiidedifylunisnevauesainy
fosnsvadlassadieiugiuveeueuslaihiimdafulnossymalve uasldaudioderdinune

N9 VUTUNITNRILINSVUAINEE WA NS RIUNIUAIUNAIUDNA 8



43

1ONE15919D4

[1] T. D. Guzel and K. Alp, “Modeling of greenhouse gas emissions from the
transportation sector in Istanbul by 2050,” Atmos. Pollut. Res., vol. 11, no. 12, pp.
2190-2201, 2020.

[2] A. Pamidimukkala, S. Kermanshachi, J. M. Rosenberger, and G. Hladik, “Barriers
and motivators to the adoption of electric vehicles: A global review,” Green
Energy and Intelligent Transportation, vol. 3, no. 2, p. 100153, 2024.

[3] S. Sharma, A. K. Panwar, and M. M. Tripathi, “Storage technologies for electric
vehicles,” J. Traffic Transp. Eng. (Engl. Ed.), vol. 7, no. 3, pp. 340-361, 2020.

[4] S. R. Salkuti, “Advanced technologies for-energy storage and electric vehicles,”
Energies, vol. 16, no. 5, p. 2312, 2023.

[5] A. Jenn, K. Springel, and-A. R. Gopal, “Effectiveness of electric vehicle incentives
in the United States,” Energy Policy, vol. 119, pp. 349-356, 2018.

[6] H. Martins, C. O. Henriques, J. R. Fisueira, C. S. Silva, and A. S. Costa, “Assessing
policy interventions to stimulate the transition of electric vehicle technology in
the European Union,” Socioecon. Plann. Sci., vol. 87, no. 101505, p. 101505,
2023,

[7] A. K M. Yousuf, Z. Wang, R. Paranjape, and Y. Tang, “An in-depth exploration of
electric vehicle charging station infrastructure: A comprehensive review of
challenges, mitigation approaches, and optimization strategies,” IEEE Access, vol.
12, pp. 51570-51589, 2024.

[8] C. Kongklaew et al., “Barriers to electric vehicle adoption in Thailand,”
Sustainability, vol. 13, no. 22, p. 12839, 2021.

[9] F. Einwachter and C. Sourkounis, “Accessing flexibility of electric vehicles for
smart grid integration,” in 2014 Ninth International Conference on Ecological
Vehicles and Renewable Energies (EVER), 2014.

[10]L. A.-W. Ellingsen, B. Singh, and A. H. Stremman, “The size and range effect:
lifecycle greenhouse gas emissions of electric vehicles,” Environ. Res. Lett., vol.
11, no. 5, p. 054010, 2016.

[11]J). Li, S. He, Q. Yang, T. Ma, and Z. Wei, “Optimal design of the EV charging station
with retired battery systems against charging demand uncertainty,” IEEE Trans.
Industr. Inform., vol. 19, no. 3, pp. 3262-3273, 2023.

[12]S. Sachan and P. P. Singh, “Charging infrastructure planning for electric vehicle in
India: Present status and future challenges,” Regional Sustainability, vol. 3, no. 4,
pp. 335-345, 2022.

[13]S. LaMonaca and L. Ryan, “The state of play in electric vehicle charging services —
A review of infrastructure provision, players, and policies,” Renew. Sustain. Energy
Rev.; vol.. 156, no.<111733, p. 111733, 2022.



44

[14]A. Zentani, A. Almaktoof, and M. T. Kahn, “A comprehensive review of
developments in electric vehicles fast charging technology,” Appl. Sci. (Basel),
vol. 14, no. 11, p. 4728, 2024.

[15]L. G. Gonzalez, E. Siavichay, and J. L. Espinoza, “Impact of EV fast charging
stations on the power distribution network of a Latin American intermediate
city,” Renew. Sustain. Energy Rev., vol. 107, pp. 309-318, 2019.

[16]N. Deb, R. Singh, R. R. Brooks, and K. Bai, “A review of extremely fast charging
stations for electric vehicles,” Energies, vol. 14, no. 22, p. 7566, 2021.

[17]M. Pourmatin, A. Fayaz-Heidari, M. Moeini-Aghtaie, E. Hassannayebi, and M.
Basirati, “Investigating the sustainable development of charging stations for plug-
in electric vehicles: A system dynamics approach,” in IFIP Advances in
Information and Communication Technology, Cham: Springer Nature Switzerland,
2023, pp. 400-416.

[18]M. S. Mastoi et-al., “An in-depth analysis of electric vehicle charging station
infrastructure, policy implications, and future trends,” Enerey Rep., vol. 8, pp.
11504-11529, 2022.

[19]IN. Banol Arias, S. Hashemi, P. B. Andersen, C. Traeholt, and R. Romero,
“Distribution system services provided by electric vehicles: Recent status,
challenges, and future prospects,” IEEE Trans. Intell. Transp: Syst., vol. 20, no. 12,
pp. 4277-4296, 2019

[20]Z. Zhang, X. Chen, and Z. Tian, “A hybrid neural network framework and
application to radar automatic target recognition,” in 2018 IEEE Global
Conference on Signal and Information Processing (GlobalSIP), 2018.

[21]X. Ma, B. Li, Q. Kong, Y. Quyang, and R. Lu, “On secure and efficient data sharing
for smart grids: An-anti-collusion scheme,” in ICC 2021 - IEEE International
Conference on Communications, 2021.

[22]A. Esmaili, M. M. Oshanreh, S. Naderian, D. MacKenzie, and C. Chen, “Assessing
the spatial distributions of public electric vehicle charging stations with emphasis
on equity considerations in King County, Washington,” Sustain. Cities Soc., vol.
107, no. 105409, p. 105409, 2024.

[23]B. Al-Hanahi, I. Ahmad, D. Habibi, P. Pradhan, and M. A. S. Masoum, “An optimal
charging solution for commercial electric vehicles,” IEEE Access, vol. 10, pp.
46162-46175, 2022.

[24]Z. Zhu, Z. Gao, J. Zheng, and H. Du, “Charging station planning for plug-in electric
vehicles,” J. Syst. Sci. Syst. Eng., vol. 27, no. 1, pp. 24-45, 2018.

[25]M. B. R. Topper et al., “Reducing variability in the cost of energy of ocean energy
arrays,” Renew. Sustain. Energy Rev., vol. 112, pp. 263-279, 2019.



a5

[26]A. Fayaz-Heidari, M. Fotuhi-Firuzabad, and R. Ghorani, “Economic valuation of
demand response programs using real option valuation method,” in 2019 27th
Iranian Conference on Electrical Engineering (ICEE), 2019, pp. 685-691.

[27]K. B. Khediri and L. Charfeddine, “Evolving efficiency of spot and futures energy
markets: A rolling sample approach,” J. Behav. Exp. Finance, vol. 6, pp. 67-79,
2015.



v ]
‘_I|":"lllll..l"lmlll'

=~

dy I tﬂ' Y o U ¥ dl = I q’.’l 1 Y o ¥ ¢ v ¥
wnanstiluenasianulidmsunisidnuienisfinewing eugslnhlulgusslevimunisi

Laidnsdilaensdu dnviwvnuiilvidaudadiiont wagdesdneddiadivedenarsynasaninisinluly



IEEEAccess‘

Mtidcpinery ; R B

Received 11 January 2025, accepted 10 February 2025, date of publication 20 February 2025, date of current version 26 February 2025.

Digital Object Identifier 10, TI09/ACCESS, 2025.3544079

RESEARCH ARTICLE

Evaluating the Financial Dynamics of Electric
Vehicle Charging Stations in Thailand:
Implications of Energy Cost Variability

PATHOMTHAT CHIRADEJA!, CHAYANUT SOTTIYAPHAIZ, SANTIPONT ANANWATTANAPORN 3,
AND ATTHAPOL NGAOPITAKKUL™2, (Member, IEEE)

! Faculty of Engineering, Srinakharinwirot University, Bangkok 10116, Thailand

2School of T ering, King Mangknt's Institute of Technolegy Tadkrabang, Bangkok 10520, Thailand

*Schaol of International and Tnterdisciplinary Tingineering Programs. School of Engineering. King Mongkut's Institute of Teehnology 1adkrabang. Bangkek
10520, Thailand

Corresponding aunthor: Santipont Ananwattanapern (santipont.an@kmitl.ac.thy

This work was supported in part by Srinakharinwirot University Research Fund Thailand.

ABSTRACT This study cxamincs the financial impact of encrgy costs on clectric vchicle charging stations
by comparing financial models with fixed and variable energy pricing structures, Through an in-depth
linancial simulation, key metrics such as Internal Rate of Return, Nel Present Value, and payback period were
calculated to cvaluate the profitability and risk associated with cach model. Findings reveal that charging
stations with lixed energy costs generally experience a higher Internal Rate of Return at 14.55% and a Nel
Present Value of $1.711,781, with a payback period of four years. In comparison, stations with variable
energy costs exhibit a lower Internal Rate of Return at 7.28% and a Net Present Value of $1,347,781, although
the payback period remains consislent at four years. These results demonstrale that lixed energy costs
enhance investment predictability and profitability, while variable costs inerease cxposure to cnergy price
fluctuations, which raises financial risk but may capture greater returns under favorable market conditions.
The analysis highlights the critical importance of accounting for energy cost variability in financial planning
10 maintain sustainable, profitable opcrations. This rescarch provides cssential insights for investors and
policymakers to oplimize electric vehicle charging infrastructure investments, supporting effective and
profitable operations.

INDEX TERMS Consumer preference, energy cost, EV charging, pricing.

NOMENCLATURE

IRR

Internal Rate of Return, a financial met-
ric used 0 estimale the profitability of

CAPEX  Cupital Expenditures, funds used by an orga-

nization Lo acquire or upgrade physical assels
such as property or cquipment.

investments. F, Fuel Adjustment Charge, a costcompenent of
NPV Net Present Value, the difference between the electricity hills that adjusis based on changes

present value of cash inflows and outllows in fuel prices.

over a period of time. MEA Melropolitan Electricity Authority, the elec-
EV Electric Vehicle, a vehicle powered by elec- tricity provider in the Bangkok metropolitan

tric motors using energy stored in batteries or area of Thailand.

other storage devices. TOU Time-ol-Use rales, electricity pricing that
OPEX  Operating Expenses, the ongoing costs for varies based on the time of day and usage

running a business or system.

patlerns.

I. INTRODUCTION
The associate editor coordinating the review ol this manuseript and
approving it (or publication was Youngjin Kim

& 2025 The Authors. This work is licensed under a Creative Commons Attribution 4.0 License
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The growing concern over climate change and the urgent
need 1o transition o sustainable energy sysltems have driven
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significant changes in various sectors, particularly transporta-
tion. Electric vehicles (EVs) have emerged as a transforma-
tive solution, addressing the environmental challenges posed
by traditional internal combustion engine vehicles. The shift
towards EVs aligns with global efforts to reduce green-
house gas emissions, improve energy efficiency, and promote
renewable energy integration. However, the successful adop-
tion of EVs relies heavily on the availability of efficient and
accessible charging infrastructure. This paper investigates
the critical challenges and opportunities associated with EV
charging infrastructure, focusing on finaneial dynamics and
energy cost variability.

A. MOTIVATION

In recent decades, the escalating threat of global warming
has prompted a global shift towards sustainable transportation
solutions, with EVs emerging as a promising alternative to
traditional combustion engine vehicles. The transportation
sector accounts for a significant portion of greenhouse gas
emissions, making it a crucial focus area for mitigating cli-
mate change [1]. As the urgency to reduce carbon emissions
grows, the adoption of EVs has surged worldwide, driven
by advancements in technology, government incentives, and
increasing environmental awareness among consumers [2].

The transition to electric vehicles is underpinned by a mul-
titude of factors. Technological advancements have played
a pivotal role, leading to the development of more efficient,
reliable, and affordable EVs [3]. Innovations in battery tech-
nology, such as lithium-ion and solid-state batteries, have
significantly enhanced the range and performance of EVs,
addressing one of the major concerns of potential buyers:
range anxiety [4]. Government policies and incentives have
also been critical in accelerating EV adoption [5]. Many
countries offer subsidies, tax rebates, and other financial
incentives to reduce the initial cost of EVs, making them
more accessible to a broader audience. Additionally, strin-
gent emission regulations and targets set by international
agreements, such as the Paris Agreement, have pressured
automakers to innovate and transition towards greener tech-
nologies [6].

The growing demand for EVs has also brought forth
challenges related to the development of EV charging infras-
tructure. Research highlights that EV charging stations face
several key challenges, such as high installation costs, uncer-
tainties in future demand, limited grid capacity, and quality
and stability issues of power systems. Addressing these
challenges requires optimization strategies in infrastructure
planning, including location selection, network integration,
and dynamic pricing mechanisms [7].

In Thailand, the transition towards electric mobility is gain-
ing momentum. The Thai government has introduced several
initiatives aimed at reducing carbon emissions and promot-
ing sustainable transportation solutions [8]. These include
tax incentives for EV buyers, subsidies for EV manufac-
turers, and investment in research and development for EV
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technologies [9]. The government has also set ambitious tar-
gets for EV adoption, aiming to have 1.2 million EVs on the
road by 2036. These measures are part of a broader strategy
to reduce greenhouse gas emissions and promote sustainable
development [10].

B. LITERATURE REVIEW

The proliferation of EVs brings with it the need for robust
charging infrastructure to support their widespread adop-
tion [11]. EV charging stations play a pivotal role in
facilitating the transition to electric mobility by providing
convenient and accessible charging solutions for EV own-
ers [12], [13]. The technology behind EV chargers has
evolved rapidly, with innovations in charging speeds, effi-
ciency, and connectivity enabling faster and more convenient
charging experiences [14]. From slow-charging residential
units to rapid DC fast chargers, the range of charging options
available continues to expand, catering to the diverse needs
of EV users. There are primarily three types of EV charging
stations: Level 1 chargers, Level 2 chargers, and DC fast
chargers [15].

Level 1 chargers are the most basic, typically used in
residential settings, utilizing a standard household outlet and
providing a slow charge, making them suitable for overnight
charging. Level 2 chargers are faster than Level 1 and are
commonly found in both residential and public spaces, requir-
ing a dedicated 240-volt outlet and fully charging an EV in a
few hours. DC fast chargers are the fastest available, capable
of charging an EV to 80% in 20-30 minutes. These chargers
are essential for long-distance travel and are usually located
along highways and in urban centers [16]. However, studies
have found that Level 2 chargers are expected to experience
faster growth compared to DC fast chargers, especially due
to lower installation costs and greater accessibility in public
areas [17].

Nonetheless, the growing demand for electricity to power
EVs presents challenges for existing energy infrastruc-
ture [18]. The increased load on the electricity grid necessi-
tates upgrades and expansions to ensure reliable and efficient
supply [19]. As EV adoption contirmes to rise, particularly in
urban centers and densely populated areas, the strain on local
power networks becomes more pronounced. This underscores
the importance of strategic planning and investment in grid
modernization initiatives [20].

Equity considerations in charging station distribution have
also emerged as a critical area of focus. Research in King
County, Washington, USA, highlights that public charg-
ing station accessibility tends to be higher in commercial
areas and along major roadways, but disparities remain in
areas with higher shares of single-family homes [21], [22].
Addressing these spatial disparities is essential to ensure
equitable access to EV infrastructure, which supports broader
goals of sustainable city development and enhanced mobility.

While significant advancements in charging technol-
ogy have been made, challenges remain in ensuring the
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scalability, affordability, and financial sustainability of charg-
ing solutions. Previous studies highlight the impact of high
initial installation costs, which act as a significant barrier
for private investors and public entities alike [23]. Variability
in energy costs further complicates the financial viability of
charging infrastructure, necessitating strategies to mitigate
these risks [24], [25]. Dynamic pricing models and demand
response programs have been proposed as potential solutions
to reduce operational risks and ensure sustainable profitabil-
ity. These programs, evaluated using real option valuation
methods, enable electricity pricing adjustments based on
real-time demand, thus reducing economic risks for station
operators [26], [27].

C. CONTRIBUTION

The key findings of this research highlight the importance
of considering energy cost variability in the planning and
operation of EV charging stations. Recommendations for
stakeholders include implementing dynamic pricing models
that adjust rates based on real time energy costs, investing in
renewable energy sources to stabilize energy costs and reduce
dependency on fluctuating grid electricity prices, develop-
ing energy storage systems to balance the load on the grid
and reduce energy costs, and enhancing grid management
technologies to improve the efficiency and reliability of the
energy supply.

In summary, this research seeks to contribute to the
advancement of sustainable transportation solutions in
Thailand and beyond by:

1.Investigating the financial dynamics of EV charg-
ing stations with a particular focus on comparing the
growth of energy costs and providing actionable insights for
stakeholders.

2.Addressing the challenges associated with energy cost
variability, highlighting the importance of understanding and
managing energy costs to facilitate the transition towards a
cleaner, greener future powered by electric mobility.

3 Supporting policymakers, investors, and industry leaders
in making informed decisions that promote the sustainable
growth of EV infrastructure by examining key factors influ-
encing energy costs and their implications for the financial
viability of EV charging stations, thereby contributing to
global efforts to combat climate change through the findings
and recommendations presented in this research.

D. ORGAIZATION

The remainder of this paper is organized as follows. Section IL
discusses the significant energy costs associated with charg-
ing stations, focusing on the types of electricity tariffs
considered by the stations and the trends in energy cost
growth. Section TIT presents the financial model developed
to evaluate the profitability and sustainability of EV charg-
ing stations. This section is divided into three subsections:
the structure of the financial model, which outlines its key
components such as investment costs, operating expenses,
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and revenue assumptions; model assumptions, which detail
the parameters used in the analysis, including energy price
growth and station utilization rates; and key financial metrics,
which defines the metrics used to assess financial perfor-
marnce, including Internal Rate of Return (IRR), Net Present
Value (NPV), and Payback Period.

Section IV provides an in-depth description of the case
study and input data used in the analysis. This section
includes a detailed overview of the prototype charging sta-
tion, its location, and operational characteristics, as well as a
summary of the key parameters used in the financial model,
such as electricity tariffs, maintenance costs, and capital
structure. Section V presents the study’s findings, focusing
on the financial implications of energy cost variability for
EV charging stations. The results are analyzed through key
finaneial metrics, highlighting the impact of different energy
pricing scenarios on station profitability and sustainability.
Finally, Section VI concludes the paper by summarizing the
key findings, discussing their implications for stakeholders,
and providing actionable recommendations to optimize EV
charging station performance in dynamic energy markets.

Ii. ELECTRICAL TARIFF

The cost of electrical energy is a critical factor for electric
vehicle (EV) charging stations, as it directly influences the
cost of providing charging services. In Thailand, the electric-
ity tariff structure varies depending on the business model and
the geographical area of service. The Metropolitan Electricity
Authority (MEA) is the primary eleetricity provider in the
Bangkok metropolitan area, and its pricing policies signifi-
cantly impact local EV charging stations. Typically, there is
limited choice in selecting an electricity provider, leading to a
dependence on this single governmental agency for electricity
supply.

The cost of electricity is subject to fluctuations based on
economic conditions, natural disasters, and domestic political
situations. These fluctuations directly impact the operational
costs of BV charging stations, affecting their pricing strate-
gies and profitability. For instance, an increase in electricity
prices raises the cost of charging, potentially deterring users
and reducing the station’s competitive edge. Conversely, sta-
ble or lower electricity prices can enhance the attractiveness
of BV charging services, promoting greater adoption of elec-
tric vehicles.

In this study, we consider only the normal electricity
pricing, excluding Time-of-Use (TOU) rates, to provide
a consistent and straightforward analysis of energy costs.
Understanding these dynamics is essential for stakeholders to
develop effective pricing models and mitigate risks associated
with energy cost volatility. By focusing on standard pricing,
we aim to present a clear picture of how baseline energy costs
influence the financial sustainability of EV charging stations.

For domestic electricity rates in Thailand, there are eight
types of business categories: residential homes, small busi-
nesses, medium to large businesses, specialized businesses,
non-profit organizations, agricultural water pumping, and
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TABLE 1. Eledtrical tariff rate for category-3.

Voltage

Peak load demand ($/kW)

Electricity tariff Service fee
($/Unif) {$/Month)

69 kV and above 5.02
12-24kV 5.61
Below 12 kV 6.33

0.09 8.92
0.09 892
0.09 8.92

* 1 § equivalentto 35 B

temporary electricity users. Most EV charging stations fall
under Category 3, which pertains to medium to large busi-
nesses. This category applies to businesses that require an
average electrical power demand between 30 to 999 kVA over
a three-month period, with an average monthly consumption
not exceeding 250,000 kWh. The normal electricity tariff
structure for Business Model 3 is shown in Table 1.

EV charging stations categorized under Category 3 typi-
cally experience significant energy consumption due to the
high-power demands of fast-charging infrastructure. The
electricity tariff for this category is designed to accommodate
the needs of business operations that necessitate substan-
tial and consistent electrical power. Given these parameters,
the cost structure for electricity in this category directly
influences the overall operating costs of the EV charging
stations. The rate is generally determined based on a single
tariff, excluding TOU rates, ensuring a straightforward pric-
ing mechanism that reflects consistent consumption patterns.

Understanding the specific category and associated rates
is crucial for the financial planning and operational manage-
ment of EV charging stations. By analyzing the costs within
this category, stakeholders can better predict expenses and
develop strategies to optimize energy use and control costs
effectively.

In addition to the electricity tariff structure, the Electricity
Authority also determines the Fy (Fuel Adjustment Charge)
to automatically adjust the electricity tariff. The F; reflects
changes in the cost of fuel and electricity purchased from the
private sector or neighboring countries over time. Fig, 1 illus-
trates the history of electricity rates over the past 10 years.
It shows that the base electricity rate remains stable over
extended periods and does not change as frequently, typi-
cally only being reviewed semiannually. In contrast, the F
value fluctuates regularly, reflecting ongoing changes in fuel
costs and other external factors. As a result, the F; is the
primary driver behind variations in electricity rates, signifi-
cantly influencing the cost of electrical energy for consumers,
including EV charging stations. This volatility in the F; neces-
sitates careful monitoring and adjustment by stakeholders to
manage energy costs effectively.

Therefore, if energy costs are considered to be constant
based on current electricity costs, they may not be consistent
with the actual situation. It is essential to consider the rate
of increase in energy costs over time as well. Based on the
10-year historical electricity bill, the growth rate of energy
costs has been approximately 1.13% per year. Therefore, it is

53988

— Aase Torll

Price (USD:

g~ g g 8

3
oS s
& & SR A N

FIGURE 1. Recorded 10-year electrical tariff within Thailand.

necessary to estimate the station’s energy costs at a rate that
will increase annually to accurately determine the energy
costs of electric charging stations.

Additionally, the uncertainty in pricing caused by external
factors such as economic fluctuations, changes in fuel prices,
and geopolitical events can lead to significant variability in
electricity costs. These external factors can cause sudden
spikes or drops in the F; charge, thereby affecting the overall
electricity tariff. This volatility necessitates that charging
station operators incorporate risk management strategies to
mitigate the impact of such uncertainties.

Moreover, the increased demand for electrical energy inthe
future, driven by the widespread adoption of electric vehicles
and the expansion of renewable energy sources, may fur-
ther influence electricity prices. As more consumers switch
to electric vehicles, the demand for charging infrastructure
will rise, potentially leading to higher electricity consump-
tion and, consequently, higher energy costs. This increased
demand could strain the existing electrical grid and necessi-
tate infrastructure upgrades, further influencing the cost of
electricity.

In summary, when planning for the operational costs
of electric charging stations, it is crueial to account for
the dynamic nature of energy prices influenced by the F,
adjustment, external economic factors, and future demand
increases. By considering these variables, stakeholders can
develop more accurate and sustainable financial models for
EV charging stations, ensuring their long-term viability in a
fluctuating energy market.

Ill. STATION FINANCIAL MODEL

To study the impact of increased energy rates on the cost
structure of electric charging stations, it is necessary to
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comprehensively determine the costs associated with oper-
ating these stations. Creating a detailed financial model is
crucial for understanding how fluctuating energy costs affect
the overall financial health and sustainability of electric
charging station operations.

A. STRUCTURE OF THE FINANCIAL MODEL

The importance of creating a station financial structure lies
in its ability to provide a realistic and holistic view of the
income and expenses involved. By meticulously analyzing
these financial elements, stakeholders can make informed
decisions, optimize re-source allocation, and ensure the
long-term viability of charging stations. The financial model
will be constructed based on the station’s income and various

expenses, encompassing the following cost categories:
« Investment Costs: These are the initial expenses

involved in setting up the electric charging station,

including the costs of land, construction, charging

equipment, and installation.

Electrical Energy Costs: These are the ongoing expenses

for electricity consumption, which are subject to fluctu-

ations due to changing energy rates, such as the Fy.

« Bank Loan Interest Costs: If the project is financed
through loans, the interest payments on these loans will
be a significant expense.

« Personnel Costs: These include salaries, benefits, and
other expenses related to the staff required to operate and
manage the charging station.

» Maintenance Costs: Regular maintenance is necessary
to ensure the reliability and safety of the charging
equipment and infrastructure.

» Other Costs: This category includes miscellaneous
expenses such as administrative costs and utilities.

B. MODEL ASSUMPTION

The model considers charging one 50kW charger pet station,
reflecting the typical configuration of fast-charging infras-
tructure at charging stations. The choice of 50 kW chargers
aligns with industry standards and the anticipated demand for
fast-charging services.

The assumption of charging usage for 12 hours per day
throughout the year is based on several factors:

It accounts for the varying demand for charging services
throughout the day, considering peak hours of usage and
potential periods of lower demand.

It reflects the average charging patterns observed in sim-
ilar charging stations, considering factors such as commuter
patterns, business hours, and leisure activities.

By assuming a usage rate of 12 hours per day, the model
calculates the total energy sold over the course of a year to
be 219,000 kWh. This calculation assumes continuous oper-
ation throughout the year with no significant interruptions in
service.

C. KEY FINANCIAL METRICS
To evaluate the financial performance of electric vehicle (EV)
charging stations, three key financial metrics are employed:
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Payback Period, Internal Rate of Return (IRR), and Net
Present Value (NPV). These metrics provide a comprehensive
understanding of the profitability, risk, and sustainability of
investment.

The Payback Period measures the time required to recover
the initial investment through the station’s cash flows. It is
calculated as the ratio of the initial investment to the annual
net cash flow, as shown in Equation (1). While this metric
is useful for understanding investment recovery timelines,
it does not account for the time value of money or profitability
beyond the breakeven point:

Initial [nvestment 1
Annual Cash Flow 0

The Internal Rate of Return (IRR) represents the discount
rate at which the Net Present Value of the investment equals
zero. It is used to determine the profitability of an investment
relative to its cost of capital. A higher IRR indicates a more
attractive investment, as demonstrated in Equation (2):

Payback Period =

- cr

; m — Initial Investment = 0 (2)
where C; is the cash flow at time ¢, and & is the project
lifetime.

The Net Present Value (NPV) quantifies the present value
of all cash flows over the project’s lifetime, accounting for
the time value of money. It is calculated using Equation (3),
where r is the discount rate:

n

Ct

NPV = ; TR &)

These financial metrics are essential for evaluating the
economic feasibility of EV charging stations. The Payback
Period provides insight into liquidity and investment recov-
ery, while TRR and NPV assess long-term profitability and
the project’s ability to generate returns. By integrating these
metrics, the financial model enables stakeholders to make
informed decisions that balance risk and reward in dynamic
energy markets.

IV. CASE STUDY AND INPUT DATA

A. DESCRIPTION OF THE CASE STUDY

The case study focuses on a prototype charging station
equipped with a 50 kW fast charger, located in Bangkok,
Thailand. This configuration aligns with industry standards
and is supported by government policies that promote the
adoption of EVs through incentives and subsidies. The 50kW
charger is widely used due to its efficiency and compatibil-
ity with existing urban infrastructure, making it suitable for
densely populated areas with limited space.

The selected station is representative of typical charg-
ing stations in urban settings and aims to cater to both
commuters and other users requiring fast-charging services.
Given its location in the capital city, the station faces certain
constraints, such as capped electricity capacity and limited
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funding options, which are influenced by regulatory and
incentive structures. Despite these challenges, the demand for
EV charging stations in the area continues to grow, driven by
increased BV adoption and supportive government policies,
including tax incentives.

The analysis assumes that the charging station operates for
an average of 12 hours daily, reflecting patterns observed
in similar facilities. This assumption accounts for varying
levels of demand, peak hours, and user behavior. However,
the analysis does not consider potential seasonal variations
in usage or unplanned maintenance interruptions, which may
impact the station’s annual performance. While this case
study provides a practical framework for evaluating finan-
cial viability, it remains hypothetical and does not fully
account for external factors such as technological advance-
ments or evolving regulatory policies that could affect future
operations.

B. INPUT DATA

Table. 2 outlines these cost categories in detail, utilizing
average prices set by government agencies for constructing
charging stations in Thailand. This approach ensures that the
financial model reflects typical costs and aligns with industry
standards.

Forecasting these costs based on government determined
average prices provides a stable and reliable foundation for
the financial model. It helps in creating a standardized frame-
work that can be widely applied, ensuring consistency and
comparability across different projects.

The rationale for framing financial models without includ-
ing other external factors that cannot be predicted is to
maintain clarity and focus. External factors, such as sud-
den economic shifts, regulatory changes, or technological
advancements, introduce a level of uncertainty that can
complicate the analysis. By excluding these unpredictable
elements, the model remains robust and manageable, offering
a clear understanding of the core financial dynamics under
normal operating conditions.

It is important to note that the model does not consider the
certainty of service usage and potential station maintenance
closures. While these factors may impact actual charging
usage and revenue generation, they are excluded from the
model to maintain simplicity and focus on the core aspects
of energy cost analysis,

V. RESULTS
From the Financial Model presented in the previous section,
results from the financial simulation of an electric charging
station will be divided into two models: Financial model
of charging stations with fixed energy costs and financial
model of charging stations with energy costs changing over
time. These models allow for a comprehensive analysis of
the financial performance of electric charging stations under
different scenarios.

The Financial model of charging stations with fixed energy
costs assumes a static energy tariff throughout the simulation
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TABLE 2. Parameters defined in the financial model for ev charging
stations.

A) Investment cost
1 TSA & TCA cost
Cost of charger 28,523.14 $
Fitting cost 242.86 3
Labor costs 31229 $
Installation cost 1,729.43 $
2 Insurance (1%} 308.07 3
3 Development (10%) 3,080.70 $
4 CSR (1%) 308,07 $
5 SG&A (3%) 92421 $
6 Others (3%) 924.21 $
B) Revenue Assumption Cost
7 Electrical tariff 0.09 $kWh
8 Price 0.23 $kWh
9 Avg. clectrical price 0.14 S/kWh
C) Capital Structure
10 Equities 25% 9088.07 $
11 Long term loan 75% 27264.20 $
12 Interest Rate 2 %
13 Disc Rate 5 Y
D) Manpower
14 Supervisor 857.14 $
15 ‘Workers 571.43 $
16  Increasing Salary/Annual 5 %
E) Mai Expenses
17 General Maintenance 170.46 $/Year
18 Quarterly Maintenance 852.3 $/ Year
19 Tncreasing rate 2 %
F) Other Operating Expenses
20 Avg. Expenses 03 %
21 Admin. Expenses 924.21 $/Year

period. This model provides insights into the station’s finan-
cial viability under stable energy pricing conditions, allowing
stakeholders to understand the baseline profitability and
investment returns.

On the other hand, the financial model of charging stations
with energy costs changing over time incorporates dynamic
energy pricing, reflecting real-world fluctuations in electric-
ity rates. By considering the impact of varying energy costs
on station revenues and expenses, this model offers a more
nuanced understanding of the station’s financial resilience
and sensitivity to changes in energy pricing.

Comparing these two models under the same conditions
enables stakeholders to assess the implications of energy
cost variability on the overall financial performance and
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risk exposure of electric charging stations. By analyzing key
financial metrics such as NPV, IRR, and payback period,
stakeholders can make informed decisions regarding invest-
ment, pricing strategies, and operational management to
optimize the station’s financial sustainability.

20,000

10,000

-10.000

Met Cash Flow ($)

20,000

30,000}

Tears

FIGURE 2. Net cash flow overtime for projects with fixed energy costs.

In Project financial Model 1. initial capital investment is
negative due to the upfront costs associated with improving
the charging stations. However, as the station begins opera-
tions, cash flow gradually increases, leading 10 a reduction
in the proportion of capital investment. By years 4 (o 5,
investors can expect a payback period of 4 years, after which
the busingss gencrates profits from the cash flow received.
However, there is a trend of diminishing cash flow cach vear,
as depicted in Fig. 2.

This trend suggests that while the charging station remains
operational within the project period as specified in the pre-
vious section, its long-term sustainability may be in question.
Beyond year 10, the total cash flow tends to decrease, indicat-
ing potential for continuous losses if the project is extended
beyond its optimal duration.

10,000}

10,000+

Met Cash Flow (5}

20,000

30,0001

FIGURE 3. Net cash flow overtime for projects with variable energy costs.

On the other hand, Charging Station Model 2, as shown
in Fig. 3, exhibits slightly different results. While the slope
of the cash flow graph is less steep, indicating lower annual
cash flows compared to Model 1, the station still experiences
a return to positive capital investment between years 4 and
5. However, the slope of the graph decreases noticeably,
sugeesting a slower rate of return, By years 8 to 9, a turning
point occurs, causing the station’s cash flow to dip below
expenses, resulting in a temporary loss situation before the
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project period ends. Nevertheless, the overall total cash flow
of the project remains positive, indicating that the charging
station project can always recover its construction costs.

Further analysis reveals that the variability in energy costs
in Model 2 introduces additional uncertainty into the financial
performance of the charging station. While the potential for
higher returns exists, the risk of experiencing periods of
reduced profitability or losses s also heightened. Stakehold-
ers must carefully consider the trade-offs between stability
and potential for higher profits when choosing between fixed
and variable energy cost models for charging stations.

Upon closer examination of the revenue and expendi-
ture details for Project Model 1, as shown in Table. 3,
it becomes evident that the station’s revenue remains constant
al $29,943.53/year due to the fixed energy costs. Iowever, the
yearly cash flow fluctuates, starting at $10,763.87 and gradu-
ally decreasing over subsequent operating vears. This decline
13 attributed to a significant increase in expenses, resulting in
a gradual reduction in net cash flow. Despite this, the project
maintains positive cash flow throughout the 10-year period.
as electricity sales cover additional expenses. Consequently,
the station can offset rising administrative costs, ensuring
financial sustainability.

Conversely, the results for Model 2 stations, outlined in
Table. 4, reveal a different trend. Here, the revenue from
electric vehicle charging shows a downward (rajectory as
the project progresses. This decline is attributed to the con-
stant electricity sales price combined with the increasing
energy costs each year. Consequently, the income generated
diminishes in comparison to the escalaling operating costs.
By the 9th operating year, a ncgative cash flow is observed,
mdicating that revenue from electricity sales is insufficient to
cover station operations.

The financial simulation results for both types of charg-
g stations highlight the significant impact of small annual
mereases in energy costs on operational outcomes. Servicing
clectric charging stations entails not only direct costs but
also various other operating expenses. By considering essen-
tial parameters in investment analysis, as shown in Fig. 4,
it becomes apparent that while the overall payback period for
both types of stations is similar, there are notable differences
in other financial metrics.

This comparative analysis highlights the contrasting finan-
cial implications of fixed versus variable energy costs for
charging stations. While Model 1 demonstrates consistent
positive cash flow throunghout the project duration, Model
2 experiences declining revenue and, eventually, a nega-
tive cash flow. The findings underscore the importance of
carefully assessing the impact of energy cost variability on
the financial performance and long-term viability of charg-
ing stations. Stakeholders must consider these factors when
designing pricing strategics and financial models to ensure
sustainable operations in a dynamic energy market,

Payback Period: The payback period signifies the time
required for the investment o be recovered through the sta-
tion’s cash flows. Despite similaritics in overall payback
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TABLE 3. Station cash flow analysis with fixed energy costs.

Cash in Flow ($}
Electrical Sales 2994352 2994352 2994350 2994350 2994350 2994350 2994350 2994350 2994350 2994350
Cash out Flow ($)
Capital
investment 36,352.26
OPEX 17,4286  18,00000 18900.00 19,84500 20,83720 21,879.10 22973.00 24,12170 2532780  26,594.20
Avg expenses 89.83 89.83 89.83 89.83 89.83 89.83 £9.83 89.83 89.83 89.83
General Maintenance 170.46 173.87 177.35 180.89 184.51 1882 19197 195.8 199.72 203.72
Quarterly Maintenance 8523 894.92 939.66 986.64 1,035.98 1,087.77 1,142.16 1,199.27 125924 1,322.20
Admin. Expenses 924.21 970.42 1,018.94 1,069.39 1,123.38 1,179.55 1,238.53 1,300.46 1,365.48 1,433.75
Net Cash Flow 36,352.26  10,763.87  9,814.49 8,817.74 777127 6,672.57 5,519.05 4,307.97 3,03644 1,701.45 299.83
TABLE 4. Station cash flow analysis with growing energy costs.
Cash in Flow ($)
Electrical Sales 2994350 29,605.10 29.270.62  28,939.87  28,612.84 2828952 27969.85 2765379 2734130 27,032.34
Cash out Flow (§)
Capital
. 36,352.26
investment 2
OPEX 17,142.80  18,000.00 1890000 19,845.00 20,837.25 21,879.11 22973.07 24,121.72 25327.81 26,594.20
Avg expenses 83.82 88.82 88.82 88.82 88.82 88.82 88.82 88.82 83.82 88.82
General Maintenance 17046 173.87 177.35 180.89 184.51 188.2 19197 195.8 199.72 203.72
Quarterly Maintenance 8523 894.92 939.66 986.64 103598 108777  1,14216  1,19927 125924 132220
Admin, Expenses 92421 970.42 1,018.94 1,069.89 1,123.38 1,179.55 1,238.53 1,300.46 1,365.48 1,433.75
NetCash Flow 3635226 10,76480  9477.14 814586 676862 534291 386606 233531 74772 89976 -2,610.33
oo 'l < stations with variable energy costs. This indicates that fixed
[ b el el : energy costs provide a more favorable return on investmennt,
175 nevis) ~51,750,000

-51,500,000

51,250,000

51,000,000 >

NPV (5)

§750.000

~%£500.000

-5250,000

Fix energy eost

Variable ene gy €ost

FIGURE 4. Financial analysis of EV charging stations under fixed and
variable energy cost scenarios.

periods between the two station types, with both achieving
payback within four years, this metric alone does not capture
the variations in risk and profitability driven by energy cost
structures.

Internal Rate of Return (IRR): This metric represents the
minimum return rate expected from an investment. In the
context of charging stations, stations with fixed energy costs
exhibit an IRR of 14.55%, almost double that of 7.28% for

33992

offering stability that is attractive to risk-averse investors.
However, the significantly lower IRR for variable energy
costs reflects the heightened sensitivity of these projects to
energy price volatility, which conld deter long-term invest-
ment unless mitigated by dynamic pricing strategies.

Net Present Value (NPV): NPV assesses the station’s prof-
itability by calculating the present value of its cash flows,
considering the time value of money. The NPV values for the
two types of stations differ significantly, with $1,711,781 for
fixed energy costs and $1,347,781 for variable energy costs.
The higher NPV for fixed costs underscores the long-term
financial advantage of predictable energy pricing. However,
the lower NPV for variable costs indicates potential vulner-
abilities to fluctuations in energy prices, which could impact
the project’s viability in the later stages of its lifecycle.

The graphical analysis of financial metrics illustrates these
differences visually, emphasizing the trade-offs between sta-
bility and flexibility. While fixed energy cost models provide
higher and more predictable financial returns, variable cost
models expose projects to greater uncertainty, which requires
careful risk management. These findings highlight the critical
need for investors to evaluate energy cost dynamics carefully
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and develop tailored financial strategies that align with the
station’s operating environment and risk appetite.

The results of creating a simulation model of the station’s
financial structure underscore the importance of considering
energy costs that may vary over time. While both types
of stations demonstrate a similar payback period, investors
should prioritize understanding the implications of energy
cost variability on financial metrics such as IRR and NPV.
The observed differences between the two charging station
models highlight the need for tailored financial strategies to
mitigate risks and maximize returns in a dynamic energy
market.

V1. CONCLUSION

The study of the financial impact of energy costs on elec-
tric vehicle charging stations provided valuable insights into
the complexities of operating in a dynamic energy market.
Through the development and analysis of financial models,
we uncovered the significance of energy cost variability on
the profitability and sustainability of charging station opera-
tions. The key findings are summarized as follows:

« Impact of Energy Cost Structures on Profitability:
Charging stations with fixed energy costs exhibited a
higher Internal Rate of Return (IRR) of 14.55% com-
pared to 7.28% for stations with variable energy costs.
However, stations with variable costs, while more sen-
sitive to energy price fluctuations, have the potential to
capture greater returns if energy prices decrease.

Net Present Value (NPV) Outcomes: Stations with fixed
energy costs achieved ahigher NPV of $7,711,781, com-
pared to $1,347,78I for variable energy cost scenarios,
indicating that fixed pricing provides more predictable
and stable long-term returns.

« Payback Periods: Both models demonstrated similar
payback periods of four years, but stations with fixed
energy costs offer more investment stability, whereas
variable costs present greater risk due to energy price
volatility.

Strategic Planning and Risk Management: The analysis
highlights the necessity of incorporating energy cost
variability into financial planning to mitigate risks and
ensure the long-term sustainability of charging station
investments.

In conclusion, this study emphasizes the importance of under-
standing energy pricing dynamics and adopting appropriate
financial strategies. By leveraging these insights, stake-
holders can optimize returns and maintain the viability of
investments in electric vehicle charging infrastructure within
an evolving energy landscape.

DISCUSSION

The proposed financial model for electric vehicle charging
stations demonstrates several advantages. The model compre-
hensively accounts for a variety of costs, such as financial
costs, maintenance costs, and operational expenses of the
stations. This holistic approach ensures that the financial
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projections of the project closely resemble real-world busi-
ness operations. The model incorporates a wide range of
parameters that directly and indirectly influence station
performance, enhancing its practical applicability for stake-
holders.

An additional advantage of this approach is its adaptability
to different market conditions and scenarios. By allowing
for detailed analysis of specific variables, such as energy
price fluctuations, the model provides a focused insight into
how these changes impact the financial viability of charg-
ing stations. This adaptability makes it a valuable tool for
both investors and policymakers seeking to optimize financial
strategies in a dynamic energy market.

However, due to the research’s emphasis on examining
the impact of energy price variability on the project’s finan-
cials, certain variables are assumed to be constant, such as
interest rates and construction costs. This simplification is
intentional, enabling a sharper focus on energy-related fac-
tots, but it also means that other potential influences, like
variations in construction costs or interest rates, are not fully
explored. Expanding the model in future studies to include
these dynamic elements could offer a more comprehensive
understanding of the financial challenges and opportunities
for EV charging stations,
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