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Abstract — This study aims to design energy supply systems from various energy sources for transportation sectors and
comparatively analyze the life cycle cost of different scenario-based systems. For components of the proposed energy
supply system, we consider a typical oil refinery, byproduct hydrogen system, renewable energy source (RES)-based
electric generation system and existing electricity grid. We also include three types of vehicles in transportation sector
such as internal combustion engine vehicle (ICEV), electric vehicle (EV), fuel cell vehicle (FCV). We then develop various
energy supply scenarios which consist of such components and evaluate the economic performance of different systems
from the viewpoint of life cycle cost. Finally we illustrate the applicability of the proposed framework by conducting the
design problem of energy supply systems of Jeju, Korea. As the results of life cycle cost analysis, EV fueled by electricity
from grid is the most economically feasible. In addition, we identify key parameters to contribute the total life cycle cost
such as fuel cost, vehicle cost, infra cost and maintenance cost using sensitivity analysis.
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Fig. 1. Graphical representation of life cycle of energy supply system for transportation sector.
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Fig. 2. Block diagram of RES-based energy supply pathway: (a) electric-
ity pathway for fueling electric vehicle and (b) hydrogen path-
way for fueling fuel cell vehicle.
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7} Al 2.8] A7 A5 B]8(FC)S X1 AB(FE; Fuel efficiency)s
ZF A1) 2.9] YA B H]E(COE)°ll 8 ghoe Tde} 72 A]
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(TCC)& 7] FA} B]8(CC))°ll AR 3] A|5~(CCF: Capital charge
factor)E w3l AF T AT wLo = AT

IC, = TCC,+TOC, )

TCC, = CC,-CCF ®)

CCF = M 6)
(1+r)"-1

©37]4] Capital charge factor(CCF)= 2] AlZH 7HX&E 112 3}e]
v]Z7 RS AR 2 $Hksh= 2o 12 O] A (interest rate),
n 7} 71%22] el (lifetime)o Th. 1 Aol A= oS 15%
o7 7Hgsint.
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3-2-2-1. 52 T+ (Demand satisfaction)
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A g8 7} Al 2.9 F olux] Ak FEub 7] of A
Ak = BB WTE) A (WTH,), g EagollA] Aike=
A ZHPE)H F2H(PH,), A& dellA A= A2FKEGE) ¥}
FATHEGH,) 183l ¥4 (BPH)Y §o.2 ndE

TE, = WTE,+PE,+EGE,+ WTH,+PH,+EGH,+BPH,  (8)

Scenario Vehicle Fuel type Fuel production system Resource
1 ICEV Gasoline Refinery plant Petroleum
2 EV Electricity PV, Wind turbine RES
3 Electricity Grids
4 FCV Hydrogen Water electrolyzer Power from RES
5 Hydrogen Water electrolyzer Power from grids
6 Byproduct hydrogen Petrochemical complex Petroleum

*Abbreviation. ICEV: Internal combustion engine vehicle; EV: Electric vehicle; FCV: Fuel cell vehicle; RES: Renewable energy source
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Table 2. Parameters used in demand calculation®

Fuel economy  Vehicle cost Vehicle lifetime Maintenance

(km/kWh)"* ) (year) cost ($)
ICEV 1.15 22,000 15 -
EV 0.17 26,100 15 6,250
FCV 241 47,400 15 7,465

*Abbreviation. ICEV: Internal combustion engine vehicle; EV: Electric
vehicle; FCV: Fuel cell vehicle

**The original unit of fuel economy of ICEV and FCV is 11.5 kny/l and
80.5 km/kg respectively.

Table 4. Technical and economic data of components*

Table 3. Statistics for demand estimation in transportation sector of Jeju

Parameter Value

260,632 unit
232,141 house
40.7 km/day

Number of vehicle
Number of households
Average mileage

2ke] An) s} ek At FHATE o]g-ste] AkE, o] ARgR
v}l Bl Table 201 H.03 11 TH20,30-34]. ICEV, EV %! FCV2] 2}
& An] w9l 2 7R 12lE AR (km/l), A= 1 kWh
F FHA L] (km/kWh) 2 5724~ 1 kg T T3 2] (km/kg)oIth. Al 7]
AR Atel] Bt 2 <in) o] 83t njnE $jske] Adnje] ©helE A
2 1kWh @ F3 A8 (knvkWh)E EGAIZ T} o] 2 & 7k&d
12815 208 9.99 kWhe} #hehar 718l om, =4 1 kg ¥
333 kWhe} el 7ol ek ofuet Ak BT
1502}t 7PgslSitt. oli= ApE Ak 718713 57k Bt A
AT Het FEADZ Lro] Akt gholth3s]. fA1v] 9] 7
Elelo] wAM], 7] FAdn], ] 5 FFA 0 E So7k=vl8
Alelgk Eve] wiEg] wAn], FCVe] A5AA] wAM] 5 574 1
s aEfEkgich

ot AT AL A 55 o) AlFE Al 5 59 dlo]
El(Table 3)% ©]-8-8}] AlF52 X 2] ¢t 714 3 Agaia& At
313 om[36], o3 HIOJE| S 7|uko 2 2 o = o /g
EV @ FCV3E o] A3t o x| Q32 ZH7} 6.9 kWh/day,
0.51 kg/day® 7931t}

Bl wbd PV 71429) A, 1 kW @ 27]8]8-S $4,2002 714
BTk A 8- 60%7HA) FHagttlarl 7gdskl om | 27)u)4-9)
0.5%2] FA1)8-& 718 8+ TH27-29,37]. FE3F A7 Ak A] LAy
H& &4 A AlgQl ZA A7 A9 (Derating factor)= 80%= 7t
gaioict. 34 A7AIG= Pve] ol &9 gloll tigh Al 9 312
H&ZH TE Hle] Aol rolu WX, 2% 5o IS
alshe} 28]

1kW T EH1e] 27] 52| 8- $5,000% 7Hg 3k Tt A1)
o} fA] 82 247F 271521 8- 50%, 2%zt 719 SHATH28). &
e & Hizo] 9} -2 717} 25 m, 200 .2 71T, wiE]
9] 271 A&} thAI] = $1,900% T 7kl o,
FAW]E-E 2752 8-0] 2%etal 7Y sk3itH28,29,38]. B 21H
E]] 27152187 tiAn]= ZH2F $500, $450% 5418182 $50/
year® 7Pttt A28 3 o] 2715283 tf A& 242}
$740, $222%2 7131 01, FAIH]8-2 $37/year 7 PISHACH3T].
AR IE 27)1FAE, diAb], £-A28]8-5 2H2F $900, $600, $10/
year= 7P 3IITH39]. 2t 715 ' 18- MSE Table 400 11F

3] Udalolet.

o ﬂlﬁ o nju

Component Size (kW) Capital cost ($) Replacement cost ($) O&M cost ($/year) Lifetime (year)
PV 1 4,200 1,700 20 25
Wind turbine 1 5,000 2,500 100 20
Battery 800 1,900 1,900 38 10
Converter 1 500 450 50 10
Electrolyzer 1 740 222 37 15
Hydrogen tank 1 900 600 10 25

*Unit of battery size: Ah, Unit of hydrogen tank size: kg
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Table 5. Optimization results of six scenarios*

Axol Alute] 2 #2= Bk g8 e ] slo]HE|= Al ARlo R
1kW PV, 1kW F=ER 270, sie 2] 770 2 A7/ 78 E
04kW= TA T waba] $27,7002] & 271 %A f0] Q75
v o]i= 27| FAH|go] HAEHA] k= AluE] 2 #3) H]3) Bh A
A& Koz olfrolvh v, Alue] 2 #29] #9183} NPC &
Z}7} §713/year, $36,812% ALTE Sl oW o] = AlvkE] 2 #3 ($352/
year, $4,494)°] 1|3l ZFZ}F 200%, 820% 3= o]t}

Table 5o 2.Q1 u}e} o] Alube] @ #4(Al A A oflul =] A4,
FCV)& Aue] @ #5318, FCV)2l COEE= Z+2} $0.389/kWh,
$0.211/kWhe|tt. o]= 712 AR 7|9e] ICEV(AIU] L #1)
H]8-R T} ZF2F 220%, 120% 5 509, Alu2] 2 #6354,
FCV)oll H]al 4= 2H2) 380%, 210% =t Aluke] 9 #429] COE7}
7P & ol Gl =2 27 |1FAH] S wito|t}. Table 701 YERY
A0 AU Q. #4= kg -EE sto|Be|E A|IARICE 1 kW
PV, 1 kW ZHENI 371, 271581379 3 kW 18|31 74 871 3 kg
o7 F73%r} oo mE 27 FAM]E, Y18 2 NPC= 2+
$24,120, $559/year, $31,26701c}, W AluE] @ #59] 27| Fx 1],
£-99u] W NPCE ZH7} $740, $1,252/year, $16,7470)th. A &8
A AHE FFshs AlveE e #39] 7, 27150l 1Y
A k=t v, A WS B8l $AE Tk AluRle 45 AT
Z7)FAmgo] I EE o] FAE Fuehsd Fast AR
NTAH T A A 7118 Aluel L #62] -5, 27154k
v, &84 9 NPC7} 25 EA8HA] 911, 5405 22 e
COERFO] $0.102/kWh= EAI3HH FCV AU 2.(#4, #5 2 #6) &
717 w2 B8-S HRITH40]. o= Ay 2 #as) #5E A8 A
2k 7 AAtE g o B 45 s T S AR b,
AU Q. #6: SRl & FaE F7HAQ1 3 glo] vl ARESH
wjizo]c}.

An}H 07 7]E2] ICEV, EV & FCV A28 5 6714 Aluz] o5

Sc. Fuel and supply system NPC ($) COE ($/kWh)
1 Gasoline from oil refinery 0.18"
2 Electricity from RES 36,812 1.147
3 Electricity from grids 4,494 0.14
4 Hydrogen from electrolysis of water powered by RES 31,267 0.389"™
5 Hydrogen from electrolysis of water powered by grids 16,747 0211
6 Hydrogen from NG reforming in central power plant 0.102""
*Abbreviation. RES: Renewable energy source, NG: Natural gas.
**The original cost of scenario 1 is $1.8/1.
***The original cost of scenario 4, 5 and 6 is $12.969/kg, $7.039/kg and $3.39/kg respectively.
Table 6. Optimal configuration and economics of EV system (Scenarios 2 and 3)*
Sc. Options PV (kW) WT Battery Converter (kW) IC () OC (81y) NPC ($) COE ($/kWh)
2 WPB 1 2 7 27,700 713 36,812 1.147
3 Grid 352 4,494 0.140

* Abbreviation. WT: Wind turbine; WPB: wind/PV/battery; IC: Initial cost; OC: Operating cost; NPC: Net present cost; COE: Cost of energy

Table 7. Optimal configuration and economics of FCV system (Scenarios 4, 5 and 6)*

Sc. Options PV (kW) WT  Electrolyzer (kW)  Hydrogen tank (kg) IC (%) OC ($fy) NPC ($) COE ($/kg)
4 WP 1 3 3 3 24,120 559 31,267 12.969

5 Grid 1 740 1,252 16,747 7.039

6 Byproduct 3.39

*Abbreviation. WT: Wind turbine; WP: wind/PV; IC: Initial cost; OC: Operating cost; NPC: Net present cost; COE: Cost of hydrogen, NG: Natural gas
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Fig. 4. Total life cycle cost and cost contribution of energy system
scenario.
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Fig. 5. Sensitivity analysis of the total life cycle cost on change (40%)
of cost components for (a) ICEV system, (b) EV-RES system,
(c) EV-grid system, (d) FCV-RES system, (¢) FCV-grid system
and (f) FCV-byproduct system.
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Nomenclature
Sets
i : scenarios
Parameters
VC,; :vehicle cost in scenario i ($/p.km)
MC; : maintenance cost in scenario 7 ($/p.km)
FE, : fuel economy of a vehicle in scenario i (km/kWh)
D, : annual energy demand in scenario i (kWh/year)

CCF  : capital charge factor

Continuous variables
LCC : annual life cycle cost ($/p.km)
FC,

; : cost for fuel consumption in scenario i ($/p.km)
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IC; : cost for infrastructure installation in scenario i ($/p.km)
TCC; : total annual capital cost in scenario 7 ($/year)

TOC,; : total operating cost in scenario 7 ($/year)

CC; : total capital cost in scenario i ($)

COE, : unit fuel cost in scenario i ($/kWh)

TE;, : total energy produced in scenario i (kWh)

WTE,; : electricity generated by wind turbine in scenario i (kWh)

PE, : electricity generated by PV in scenario i (kWh)
EGE, : electricity supplied from electricity grid in scenario i (kWh)
WTH; : hydrogen produced by wind turbine in scenario i (kWh)

PH; : hydrogen produced by PV in scenario i (kWh)
EGH,; :hydrogen produced by electricity supplied from grid in
scenario i (kWh)

BPH,; : byproduct hydrogen supplied in scenario i (kWh)
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