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Roadmap towards sustainable mobility system cost comparison

bwtween BEV and FCEV

FCEV DOMAIN

" -
BEV DOMAIN . : 4
Short-distance use —

Small home-delivery vehicles

system cost
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{32! 2) Generating Electricity with Hydrogen and Oxygen

=X : Toyota, “FCV Fuel Cell Vehicle” [Online]. Available: https://www.toyota—
global.com/innovation/environmental_technology/fuelcell_vehicle/.
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Z£Xx{ : U.S. Department of Energy, “Fuel Cell Electric Vehicles,” [Online]. Available:
https://afdc.energy.gov/vehicles/fuel_cell.ntml.
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1) U.S. Department of Energy, “Hydrogen Laws and Incentives in Federal” [Online].
Available: https://afdc.energy.gov/fuels/laws/HY ?state=US
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State and Regional Incentives

9 states (4 ZEV states) offering incentives DEce
for FCEVs and H, station deployments NI

tfih___d- ; o B Zev state

ZEV state
w/incentives

\ Non-ZEV stat
Hzl w/incentives

{12! 4) State and Regional Incentives
ZEX%{ : Green Transportation Summit & Expo, “Hydrogen Fuel Cells and Fuel

Cell Electric Vehicles: Emerging Applications and Safety Management” [Online].
Available: http://gtsummitexpo.socialenterprises.net/program/2018presentations/
NickBarilo.pdf
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2) Allied Market Research, “Hydrogen Fuel Cell Vehicle Market by Vehicle
Type (Passenger Vehicle and Commercial Vehicle) and Technology (Proton
Exchange Membrane Fuel Cell, Phosphoric Acid Fuel Cells, and Others)

— Global Opportunity Analysis and Industry Forecast, 2017—-2023” [Online].
Available: https://www.alliedmarketresearch.com/hydrogen—fuel—cell—
vehicle—market
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(22 5) B2 SAHI XA S8, 2017~20234
Z£X : Alied Market Research, “Hydrogen Fuel Cell Vehicle Market by Vehicle
Type (Passenger Vehicle and Commercial Vehicle) and Technology (Proton
Exchange Membrane Fuel Cell, Phosphoric Acid Fuel Cells, and Others) — Global
Opportunity Analysis and Industry Forecast, 2017—2023" [Online]. Available:
https://www.alliedmarketresearch.com/hydrogen—fuel—cell-vehicle—market
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3) Frost & Sullivan, "Fuel Cell Electric Vehicles: Genesis of a New Era or a Myth—
Busting in New Energy Vehicle Technology?" [Online]. Available: https://
ww2.frost.com/frost—perspectives/fuel—cell—electric—vehicles—genesis—new—
era—or—myth—busting—new—energy—vehicle—technology/
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£X : Frost & Sullivan, “Fuel Cell Electric Vehicles: Genesis of a New Era or a
Myth—Busting in New Energy Vehicle Technology?” [Online]. Available: https://
ww2.frost.com/frost—perspectives/fuel—cell—electric—vehicles—genesis—new—era—
or—myth—busting—new—energy—vehicle—technology/.

K|} 2iAst =7 A0} 20| AKT X 2HAt0f| FeF2 0|
X1 Qlct 20173 128 L=20| LHESt T|2 4 M2HBasic
Hydrogen Strategy) 2 $AM7 |Xf, SASTIA0] CHSHOFM 2t 5
HE 7R Z|Z0| A TS FA0|C 2018 62 ZEA= 2028
VK| A0 SEXQI A Sl oA MY |26l HIE HAE sl ol
HX| Mets 2ot A HiX| S2H'S HIUCEL £S5t RE0M==
o2 ST EfUYLUTOZ QIS MY |2HE Sl oA it

Japan
Germany
France
China

Netherlands
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

(A7) AT |RHR7HE $2H20179 7 |F)
Z£X : International Energy Agency "Hydrogen, Tracking Clean Energy Progress’
[Online]. Available: https://www.iea.org/tcep/energyintegration/hydrogen/.
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Z£X : International Energy Agency "Hydrogen, Tracking Clean Energy Progress"
[Online]. Available: https://www.iea.org/tcep/energyintegration/hydrogen/.
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National FCEV targets

National hydrogen fuelling station targets

(O 9) Z7PE LA™ IR SASTA O
£X : International Energy Agency "Hydrogen, Tracking Clean Energy Progress"
[Online]. Available: https://www.iea.org/tcep/energyintegration/hydrogen/.

Grandview Research@| E A of| (2 W S 0| £AK TR}

A2 Ol 717H2018~2025') 38% 0| 4t2] =2 B HXE
S EYACZ oMHC FE gY 2SSz, REEE Y
A JiE = L1|E$Jao1| e o|LH 2F1200C HQ FATIIAHA

0= A EM YIS

Grandview Research®| 2 AP0|| 2™, 0|22 20174 4
7 |IRE AP AEX[HHEQ) HRES XX =0 Ol A5
TAet 22 HAedX| Qe 50| £=E 7| 20|t =0
AT |XEAIER OIS 712H2018~2025\H) 36% 0] Ate| AT
YES HY A= o d3Ct E35| DoE| H=TX| 7HE S

O?L

l North America fuel cell vehicles market size, 2014 - 2025 (USD Million)
01 43
2014 2015 2018 2017 2018 2019 2020 2021 2022 2023 2024 2025

(aEN10) 0|F AT AR OIS
EX : Grand View Research, "Fuel Cell Vehicle Market Size, Share & Trends
Analysis Report By Region (Europe, North America, Asia Pacific), Competitive
Landscape, And Segment Forecasts, 2018 — 2025" [Online]. Available: https://
www.grandviewresearch.com/industry—analysis/fuel—cell-vehicle—market.
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4) Grand View Research. “Fuel Cell Vehicle Market Size, Share & Trends Analysis Report By Region (Europe, North America, Asia Pacific), Competitive Landscape, And
Segment Forecasts, 2018 — 2025” [Online]. Available: https://www.grandviewresearch.com/industry—analysis/fuel—cell—vehicle—market.
5) Grand View Research. "Fuel Cell Vehicles Market Worth $1.75 Billion By 2025" [Online]. Available: https://www.grandviewresearch,com/press—release/global—fuel—cell—
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6) Frost & Sullivan, "Fuel Cell Electric Vehicles: Genesis of a New Era or a Myth—Busting in New Energy Vehicle Technology?" [Online]. Available: https://ww2.frost.com/
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GLOBAL HYDROGEN FUEL CELL VEHICLE MARKET

TOP IMPACTING FACTORS

Rising environmental concenm

Advance In tachnology and future
potential in fydrogen fuel cell
wahucle market

High initial investrment in
Infrastructurs

® 206 ® 2023
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=X : Alied Market Research, "Hydrogen Fuel Cell Vehicle Market by Vehicle
Type (Passenger Vehicle and Commercial Vehicle) and Technology (Proton
Exchange Membrane Fuel Cell, Phosphoric Acid Fuel Cells, and Others) — Global
Opportunity Analysis and Industry Forecast, 2017—2023" [Online]. Available:
https://www.alliedmarketresearch.com/hydrogen—fuel—cell-vehicle—market
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Governments are investing around $850 million annually in hydrogen.

Selected government spending on hydrogen and fuel-cell programs, £ million
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£X : McKinsey & Company, "Hydrogen: The next wave for electric vehicles?"
[Online]. Available: https://www.mckinsey.com/industries/automotive—and—
assembly/our—insights/hydrogen—the—next—wave—for—electric—vehicles
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Main obstacles to FCV adoption

== =N

Cost of Distribution e Hydrogen
the vehicle infrastructure production

For FCVs to be
competitive in terms of
GHG-reduction, the right
decisions to achieve a
low-cost and low-
GHG production
methods need to
be pursued

Even if fuel cell
technology would be
widely known and

accepted by
customers and benefits
proven, the current
cost of the FCVs
would limit their
marketability

FCVs require an
entirely new and
expensive
infrastructure system
for each step of the
chain, from hydrogen
transport, through
storage and delivery to
the vehicle

(a2 13) TATT|REAIES| =2 Fof2e!
Z=X : Arthur D Little, "What's in the future for fuel cell vehicles?" [Online].
Available: http://www.adlittle.com/sites/default/files/viewpoints/ADL_Future%20
of%20Fuel%20cell%20vehicles.pdf.
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Country/Region H2 Stations Target (year)
California (US) 100 (2020)

Germany (EU) 400 (2023)

United Kingdom ~800 (2030)

Scandinavia ~150 (2020)

Japan 320 (2025)

(T 14) HRTK| KESAHAIE : $AETA ME| S5 2020~2025
Z£X : Frost & Sullivan, "Fuel Cell Electric Vehicles: Genesis of a New Era or a
Myth—Busting in New Energy Vehicle Technology?" [Online]. Available: https://
ww2.frost.com/frost—perspectives/fuel—cell—electric—vehicles—genesis—new—era—
or—myth—busting—new—energy—vehicle—technology/.
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Hyundai Nexo(2019)

PN PN

+SUV / Hydrogen Fuel Cell

* Fuel Economy : 59 MPGe city / 54 MPGe hwy

« Engine : 95 kw electric motor; 240V Lithium lon
battery

+ Transmission : Auto

+ Sedan / Hydrogen Fuel Cell

+ Fuel Economy : 68 MPGe city / 66 MPGe hwy

« Engine : 130 kW electric motor; 346V Lithium
lon battery

* Transmission : Auto

+ Sedan / Hydrogen Fuel Cell

+ Fuel Economy : 67 MPGe city / 67 MPGe hwy

+ Engine : 113 kW electric motor; 245V Nickel—
Metal Hydride battery

« Transmission : Auto

£X] : U.S. Department of Energy, "Fuel Cell Electric Vehicles," [Online]. Available:
https://afdc.energy.gov/vehicles/fuel_cell.ntml.

7) Frost & Sullivan, "Fuel Cell Electric Vehicles: Genesis of a New Era or a Myth—Busting in New Energy Vehicle Technology?" [Online]. Available: https://ww2.frost.com/
frost—perspectives/fuel—cell-electric—vehicles—genesis—new—era—or—myth—busting—new—energy—vehicle—technology/.

8) Frost & Sullivan, "Fuel Cell Electric Vehicles: Genesis of a New Era or a Myth—Busting in New Energy Vehicle Technology?" [Online]. Available: https://ww2.frost.com/
frost—perspectives/fuel—cell-electric—vehicles—genesis—new—era—or—myth—busting—new—energy—vehicle—technology/.
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ZX{ : Frost & Sullivan, "Fuel Cell Electric Vehicles: Genesis of a New Era or a
Myth—Busting in New Energy Vehicle Technology?" [Online]. Available: https://
ww2.frost.com/frost—perspectives/fuel—cell—electric—vehicles—genesis—new—era—
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Technology dewelopment of high-pressure compressed storage
{approxienately 350-700 bar)

NEW TECHNOLOGIES OF KOREA
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Myth—Busting in New Energy Vehicle Technology?" [Online]. Available: https://
ww2.frost.com/frost—perspectives/fuel—cell—electric—vehicles—genesis—new—era—
or—myth—busting—new—energy—vehicle—technology/.

AF7|XHFCEV)

]

SR RISKEAIE, RI2tE A H7|X} 2IF2 XHH
LHAZ 2R AICHZ F M2 017 12 EI2EER} A7 FE=2iStn AT

MIA Z=2] 28 mal= X EH e = Zet|n Qlon, FletE 0

Oill:IXIE—’F—%t.':*E—"‘—iOHL‘IXIEA._@71I I—Elif E%"féﬂ Lol

DOE XHS ZFE LAF

=iz _I_—l—

o

WO§HMﬂm|
|. |D|—AAI-| | rih:QAAgx

— T
S0 AFS = BiZ S ot aH

Hoizh MALS 9|5} 71AH §8X{01 A2 Mo Al Al

if
H
o
gl
0=
>
il
d
~
air
in

i
ol

> &

oY mu rr

Ol2k==AI7}HEOF Ul

M| HEfA| T2 Ploh oA Qi FR= 23| XIH

)
0
>
X
N
Hl
rlo
>
Pe
2]
d
S
i
Hl
oo
o
4>

i
e}
n
[¢]
9&

0
r

M0 3
o2
p Lo}
O
A
B>
i
0|I'I
1o
R
2]
Q'E
rr

rob
|
ﬁ
©
2l
i
Ral
10
o
E
i
2
In
[0
)
>
=
[
_>‘|_
Yal
10
>
0L
>

0
"
0

>
o
0x
k=]
el
rhi ]

oY Mo
4>
B>
I
~
pall
40
-+
Hu
Pl
rel
Tl
or >|
0%
=
=2
40 o
my - ol
P}
‘-I%
2 >
0z
rn
inl

April 2019 | 29



TECH

5t

JASEIATHNG—PON2R

=
T

C}. ¢

X7V I 7HH BOSA—Transceiver i HTKIE Soll AAM|CH 774 71X 712!

S8 SEAH|A

217t

)

SHAIH S WYL 012 &

‘NG—PON2& I&7}

ol

i

S
tjo




. ~— = -:
|

—
INDUSTRh'L

TECHNOLOGY
AWARDS





























































































































































