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(57) Abstract: Disclosed is a method for scheduling a hydrogen and electric vehicle charging station, linked with renewable energy,
by considering the HPS market. The scheduling method is performed by a computing device including a processor, and comprises the
steps of: modeling the charging demand of the hydrogen and electric vehicle charging station; and scheduling the hydrogen and electric
vehicle charging station through second-order conic programming (SOCP) repair optimization on the basis of the modeled charging
demand, wherein the scheduling step includes the steps of: setting an objective function defined by an equation; and setting at least
one constraint.
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th St Al Eh(voltage limit, A 94s]-8 % 91) 2 A2 A 57 2 &h(line current limit, 4
o) 55 5 3k A ARF AHAEARE A 5 23 TE AL

[e)
TG Ao 2 £k Eobdol & 2 AF 8 33} (thermal overload)E- o Ha}

e}
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[94]
[95]

[96]
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[98]

[99]

[100]
[101]

[102]
[103]

[104]
[105]

[106]

[107]

7] flete], arej sl ofof b, o]z 4284 149} 2544 159} o] R ol ),
ASEE S 93 4 2 Algkel HohH 4 AFES o g,
(52214 14]

gy, 2RALN FAE dhbA o g vl g ol o] = B35 X% 3 (convex
optimization) A2 A2 sk e 4= ¢l 7] wli-of], SOCP(Second-Order Conic
Programming) v Al 2 ¢+ 3}(relaxation)d}o] 2188 4= 1T}, SOCP &A= 4 gt
F7F Aol ar, Aok 2712 SOCP 2 A3 AloF 231-& 7HA = H A 3} FA o]t}
o= & A3} HARA HA 7t BAE = Aotk whebA, e 11

ot 163} Qo] EAE 5 AT =, §-FE A=} A%, AR RA L 5
o124 169 SOCP Al of 318 &8l Wekd 5= 3l
[_rfﬂ-/\] 16]
2P,-j,,
2Qy‘,r < ly‘,r vy,
l:j,r - Vi

SOCP 93} (relaxation) 2} ©] &) A &4 (exactness)< Farivar ‘52| ¥=3(Farivar, M.;
Low, S.H. Branch flow model: Relaxations and convexification—Part I. IEEE Trans.
Power Syst. 2013, 28, 2554-2564. yoll 2+ A 3] 7] Al = of

b) A D A7 2 FH A 9 Al oF 27 (EHVCS operation constraints)

¥ 2-0] %1250 913 EHVCSON A, Py Py 2 Qup Qo= 55121 1734 52814] |
0 1E 810 S 1] A1 A A5 A
5 B HAg Adgom, %S AV|A = Fot E 4 S A Ay

= = 1l huA
pek ok Relate] gho 2 A abe,
[53k4] 17]
HtP
Pgii = Presi T P,
4514 18]
PtH
Ppi=Pp+ Py Pl
P &} Pz ZF BA o] A ot = @ 75 o WS, Py s Y RE SRS 9

) gk,

Tee FHE 29 AF 2otk £ AFEAL 22 FAL Y 7

B Aol ot Al oF 2 o)tk WTs2] & E(power factor) 0.95Z 314 |31, PVs,
EVs, R & AAES 95& 099;c1 agE 5= . oy S o) 7hedt
T &S 74 " Soce A5 gl os) AT ZF EHVCS Wl ol A
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[108]
[109]

[110]

[111]
[112]

[113]

[114]
[115]

[116]
[117]

[118]

[119]
[120]

[121]
[122]

[123]

skl 199} A1} = 4 B 9] SOCE sy 9

F
soc = soc™ v ¢ - - 4% 100

cap cap cap

312 19914, g #15k gor iz ZH2 A9 o] 2 A13Ee] SOCE ol v Fhel,

A A AlZEe] SOCE= o] A A[1Fe] SOCOM 3% = WA %S vlah 7 v Wl gk
olth. & HT., = 74 B9 %2, Fuv, = HHY &3 oA #4xHHV) S =
AT, ok 5318 A8l W Uit A E vebdnh 1, 282 20
I} o] T == WA 9] SOCTE - Hupper limit) 2 3} $H(lower hrmt) Alol 9]

Holl SR}, =, 74 © A9 SOC7F H A3k F gk Abol el & A) st of g

—_—

Su.

[4=814] 20]
SOC,., < soc ™ < soc,,.
PIHQ} FHIP# o3 o] B8] 4 Q1 8% (physical capacity)©ll 2] 3l #| $+H T},

2, 80C Al oF 271 o] 9ol 12 424 B g
BENA Gk whebA], o) & 4814 0. & B AS 284 213} 52814 229} 2k,
[_rfﬂ-/\] 21]

PH PtH
S R kil

min —

[_rfﬂ-/\] 22]

rh

HtP
FmingFI gF‘max
22812 203 52814 21 247 A Al o} AR Aol o & et ek
ol

AF L vk O R, Aokshs A48k ¥4t 5514 2334 o] aokE 5 9]

min {4),

5.2.(2,3), (5?8) (10), (12-22)

=, B4 G ek 49k ar Al oF 2712 57812 2-3,5-8, 10, B 12-220] T,

Al]tsh= # A 5k Ao maE dSshr] H e, 7“1:4 IEEE 33-H| 2= A[ 226l o
et 23S 435kt wd ¥ gelu B = N. A. El-Taweel 5 9] =3-(N. A. El-
Taweel, H. Khani and H. E. Z. Farag, "Hydrogen Storage Optimal Scheduling for Fuel
Supply and Capacity-Based Demand Response Program Under Dynamic Hydrogen
Pricing," in IEEE Transactions on Smart Grid, vol. 10, no. 4, pp. 4531-4542, July
2019.)= o zlzo}o:l o) u:] 13} 2o},

[3E 1]
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[124] Parameter Value Parameter Minimax GA
Frins Faty 0 (m*/h) O D434 345.6 (m*/h)
50C,, 10 (%) 50C,, 100 (%)
BH“’,BH”’ 360 (m*/MWh) nm,n”ﬂ’ 80 (%)
Vie 0.95 V. 1.05
I, 252 (A) Caps 90 (¥/kWh)
[125] %32 EHVCSY #do mhE =2 28 5 UElth =3 52 8.2] 70%+= 2171
A7F A w8t aL, 30% = T ARk Ale 7P 7l
[126] =43 EHVCS9] 7} -3 9] SOCE VeI -2 A e 744 & §A]3h= ALt
&Qtoll, A¥ & Aol dujt= Zlo] Ytk A2 #E = glvh v 2| v
Ae 714 S Al shE AlRE Eetol], 74 B T E 5 vk e 50 &
Al mpel o], A Aol A gl o] A EHVCSe] Mt T2 vl 545 W9
Yolt}, o] = Algtst= 7| & &8l EHVCS & OPZJX—*.—O_E TR T UFE 9
v gtt}, &= 63 3 25 HPS Al o] 22 9] f-5F9l H| 1l A 3E Ve T & 69
LAl upe} go], HPS Al o] 27} & Al 8= 75'%, EHVCS & 42| 7ol ¥ 3%
th. o]3= HPS ¥ 7k 2 2k 2ol & A AT = o ]‘Jdr, FA A9, A
A A1, 2 Ak A o] EHVeSe] 214 -& 747) 52.5%, 51%, 2 50% 714 = S
=3
[127] [3% 2]
[128] Type With HPS (x 10°)  Without HPS (x 10%)
Residential 57411 3.7630
Commercial 5.8204 3.8523
Industrial 5.8919 3.9256
[129] 7} 3 EHVCS =9 W2 EHVCS 271& % W, EHVCS &% ¥et &=
=W soZ yE 49l o Hoj X X 2 M| A (processor) H/EE W T
(memory)E X 38h= F57H AR o&f =3d ot S, d=d 4 2=
%@0115‘?:_1 = AFE AX ol 28y = L2 A F2 o R o]gE 4+ Tt
[130] ol 4ol A AW e )= shrslo] T4 8k 2ZESN] TA Qi WEE
St 4l of fr“* ﬁi 2L AZTEYS 74 2 /\4 Ho=w 9= 5 v d &
S0, A dEoA A e G L A 845, ol & 50, Z2AA, TEE,

12

ALU(Arithmetic Logic Unit), Y #] & 41 & 3 22 4| A (Digital Signal Processor), 7}
o] 1. 2 73 3+, FPA(Field Programmable array), PLU(Programmable Logic Unit), 7}
o] AR Z A A, = W ®(instruction) = A 3531 FHE 4 A= THE o gt

A9} zho], shf o] AFe] HE AFE i B LA AFEE o] &8t 148
2 4 Q) A g &A= % A Al(Operation System, OS) W A7 & A A Aol

T ¥ = st o] o] Az EL O of Aol S AT g drk B A
A= aZEY oo Ao FHate, tole & [, A, =2 A 2 A
S ol & ffsto], A e] FAi= sty ARG = o2 d

Hels #o
o 7)<z F-ofol A BA4ke] X A& 7Hd A=, A9 AR 7
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<]
1

e

Lk

T M A 8 ﬁ\_(Processing Element) R/H+= 57 FH o] A 845 3

A d T U dE A A= e el ERAA L= B
o] A A L Fhrfe] & Eia = yabel 2 Qo). ek, W 3 2 A A (Parallel
Processor) 9} -2, th& | 2] 4 (Processing Conflguratlon)E 7} 55k

[131] AZES)o]= FAFE Z 2 13 (Computer Program), I = (Code), 8 &
(Instruction), F2= o] & 5 31} o] 4be] 23+& xabsl 4= glom 913l g2 &
A5 e AR E FASAY YA o7 k= A%A o 5 2 (Collectively) =]

2 A= Uﬂ?ﬂ%??}% A E o] B/ HolE =, A A Ao &]sto]
A7 A 2] AR ol W iz HolH E AlEsky] fste], of| 3 2 V1A,

T4 24~ (Component), = 8] 4] %], 7} =] (Virtual Equipment), 7 3+ E] #]7

A = A A], B AE 5= 2% 3K(Signal Wave)oll 74 02 = A A4

O 7 F-A|3HEmbody)E 4= AT AZ EY=HEY AR A24H HFH A~

Eﬂ /\1-01 H*Pﬂoi/ﬂ HALE] uouép_f;_ xiz}gﬂb} ng_rd Pty o E} /\iE%]Cﬂ

3 d ol Bl = &t 172}9] AH #5775 v Aol A 7dE = 9l

[132]  AA[efo] W& -2 vkt AFH ES 5t dd 5 e 4?’-_1%4

B PR :r“‘?iﬂoi 53%51 s Ths wj Aol 7152 = vk ] A SE 3

ol v, Eﬂ ol Tx£ 5= %%g;cz TEZ

el

|
dH ,i‘;o]ﬂb} W%rH/\JE Oiq?jx}‘ﬂ Al &A1+
5 Atk FSFE B Vb V15 v A o] ool = st= v A
Z}7] o] Z 9} & X}7] ]l Al (Magnetic Media), CD-ROM,
715 v A (Optical Media), & 5 El A T 2= =1 (Floptical Disk) ¢} -
Z}71-33 vl 4| (Magneto-optical Media), 7(ROM), SH(RAM), =2 A| Wl 22| 53 &
Sz gES Al et s 583 A st=do] A7 239
Hop 2w el o oo At o) o4& o x = Ax e VAo =

sRk ol e} QIE| Z | H T2 AFE-8ll A A arE ol oA A & = iy
Ao I=E st 7| H st=do] x| &= A Ao o] F2& 3str] 93l
St} o] o] A Eg o] BEEA AEste s FAE 9o, 1 % vzt
AJ o]t

[133] Hoabyg o wjo] mAE AAdE g A EQ o o= A F el A4
E ot 2 7] doke] e A A& 7hx Aleld o] =] thekg iy F
5§ EF A A7} s stttk A8 oldll e slolt)h o & &0, AW E Ve E
ol A W B & A E FRE Y, R/ AEE A 2EL &, A,
32 Y A Ao ABE HHR UE A E A% e 23 o
E A4 84 BE deE oste] A E AV X SE v dtye A ds At g
A ol whebA, B o] A ek Vw4 R MY E HEd S5
o] 712 Aol o &l sl A oF & Alolth
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a1

[dr@2]

[ 3]

[7d - 4]

T4

32 2 A A (processor) S E 3= A FE A Ao o8] Y E AL A
712k F A A Wl dofA,
A7 AR AV A SRR FA e s RdY ek 9l |
Paldy $A 25 7| 2 SOCP(Second-Order Conic Programming)
g HH3E ol AV AR DA FHLEE Al dAE E
LEES
A7) A= R 8= B A=,
FotA o r oy = B4 B A v Al 3
Aol & shrto] Ao 2718 Ak dAlE s,
A7) Gk T o] a1,

mzzn Z(COStgn’d,t — Rgv: — Ruve — Rupsy )

t

A7 Rey= A712HS] 4 850l o gk 79 &, 7] Ruv= 722k &
A 85700 8 2012, 471 Rups 1= HPS(R2 A B3 9154 20
Ol gt 70l -&, 7] Costyiai= Al EFH O A8 v &5, 1231
7wz AR HMTE HE =,
TR AN T AL A2AEH WY
Al1akel] glo A,
3 A, A1ZEtol] B ief B A o] At

[e)

B v, AR el A ol FAE= 8 AT & AP, Q.
ARE ) AR L] B2 5 A FE AP, Q). B ARkl A
20l BEl ARG)E
#A 2 xmx} FAa 2AEY P,

$lo}Al,

’%7] us T#-ﬂej v A MR, A
Z

N
o
fly
2

E

ol

~
é
o
r
i,
o

o FE

i 4y

rof

(p 19, 217 0] 2081 ] & 530 AAFR AR ), A7 ] 4]
PP!H'ET %‘EH /\g/\]-ﬁf,_]_ 3,1_{\_%]:, ‘;’-l /\]Zl-tOﬂ /61-7] PHQPE /\g/\]-o],jl _(H :l_ %:i
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