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Background 59

B Polymer Electrolyte Fuel Cell (PEFC)
- Excellent start-ability and load followability
*FCEV is in practical use

* ) https://www.toyota.co.jp/fuelcells/jp/applications.html
: Huge development costs / Short of evaluation time

m) MBD* by FC system simulator
% Model Based Development

2 ,?;mm@rsum Heavy Duty Vehicles (HDVs)
e are required high load operation

\ 4

Cooling capacity : Q..o = A*K-AT Insufficient cooling capacity
A : Radiator size
K : Overall heat transfer coefficient ‘ ‘
AT = Tec — Ty, (over 100°C)

~100°C about 30°C )
h-Temp. PEFC (HT-PEFC)

Conventional PEFC : Small AT~ IB) Hig
onventiona : Sma : :
Nafion® based membrane is widely used B BIEGED o [EEAl

HT-PEFC is needed for widespread use of Fuel Cell



Basic principle of HT-PEFC

Operating condition

Conventional-PEFC HT-PEFC
e.g. Nafion® e.g. PBI
~100°C ~200°C

Humidification is required.
Dry-out occurs above 100°C.

H+ conduction is possible under
non-humidified condition.

H™ conducting path

Sulfonic acid + \Water

doped Phosphoric acid

Structure of MEA

& o
A
=

:& -Water

=9 |

PEM
' gpL

H,mm=p _4mm O,

-
&5 o
® _4um O,
~Water
i ==) H,0
PEM .
GDL —

H* is conducted under non-humidified condition
— High temp. operation is possible
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Objective

* ) https://www.toyota.co.jp/fuelcells/jp/applications.html

i

— Objective

[ P Evaluating the HT-PEFC’s utility for HDV by

FC system simulator, especially its cooling performance

FC-DynaMo®23) «——

* Based on data obtained from
TOYOTA Gen.2 MIRAI

*)https://www.toyota
.co.jp/fuelcells/jp/

(1) S. Hasegawa et al., ECS Transactions, 104, 3-26 (2021).
(2) S. Hasegawa et al., ECS Transactions, 109, 15-70 (2022).
(3) S. Hasegawa et al., Comput. Aided Chem. Eng, 49, 1123-1128 (2022).

Developed by NEDO™)’s project
*New Energy and Industry Technology Development Organization, Japan

FC stack, hydrogen system, air system,
and cooling system are modeled
= Possible to simulate unsteady vehicle driving

Cooling system FC stack Hydrogen system
coolant pump

> — S : + ] - r- € ’—Dq—]TH: tanks|

= [0 = ! ! v Imjectors
— I.:':._ E + W + \i"’
o M- : ; (w H, pump

Radiator valve ) om ey

Liqud-vapor
separator
Arr L1 L1 -'?11', Purge valve
e evete shut regulation
Air system valve 1 valve
| - -

W

i r ra

Air compressor Air intercooler Air bypass valve

Evaluating HT-PEFC system for HDV by FC-DynaMo



Conv. Oil HT
system cooling PEFC
HOSKINY

(1) Simulation results of conventional system
= Necessity of HT-PEFC

(2) Construction of oil cooling system

(3) HT-PEFC’s IV performance and simulation results



Conv. oil HT
system cooling PEFC
HOKKAIRR

(1) Simulation results of conventional system
= Necessity of HT-PEFC



Target : Vehicle class and driving pattern [Sen H coong H rikc | HO
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m Using driving data of engine vehicle in the U.S.®
(4) C. Zhang, etal, Transportation Research Part D 95, (2021), 102843.

Target driving pattern
Long-haul dairy trip including uphill roads

- =2
o

g 5 severe _ severe
S «— uphill —
= 3
)
S
s — 0
_ S
Target vehicle class = -3
Class 8 (HDV) = 360
% . max330kwW
Q | |
=2
S 120
c
- 0
2 120
ZE 80 Speed down —
2 40 Cooling disadvantage
> 0
* ) https://www.volvotrucks.us/trucks/vnl/ 0 5 10 15 20 25 30

Time [min]

Analyzing the most severe usage for HDV



FC system for HDV EENES

HOKKAIDO
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. (1) S. Hasegawa et al., ECS Transactions, 104, 3-26 (2021).
. USl ng FC' DvnaM 0(1’2’3) (2) S. Hasegawa et al., ECS Transactions, 109, 15-70 (2022). . H DV
(3) S. Hasegawa et al., Comput. Aided Chem. Eng, 49, 1123-1128 (2022).

¢ BaSEd on data Obtained from * ) https://www.volvotrucks.us/trucks/vnl/ (FC SyStem X4)
TOYOTA Gen.2 MIRAI : ]

*) https://www.toyota.co.jp/fuelcells/jp/

280kW
—E—
330kW
-
W FC stack’s net power and heat generation [ Battery ]_w
150 Waste héat Request —FC stack net power
g E /Gross power 400 |
= Request power exceeds 280kW
5 < 100 Net power g 300 % — atteFr)y assist : max 50kW
= = ]
< 8 | =
o 2 50 S 200
2= o
O «= zZ
-2 100
Request power falls below 80kW
O.OCurren(t).dSensity %ﬁ/cmz] 2.4 o MUY B — Battery is charged pyjc power generation
0 10 20 30

Time [min]

Introducing 4-FC systems and battery assist for HDV



HDV driving simulation results by FC-DynaMo B ) i) &
m Using MIRAI-MEA (Conventional MEA)

xxxxxxxx

Radiator . .
size FC stack net power Current density Cell voltage Cell temp. H, consumption
400 2.5 1.0 175 1.6
—Request — — —
Z 0 | OuPu E 20 =09 S 150 ¥,
] i < 2 Outlet E
[Ref] £, W et | |E 0
MIRAI X 4% 510 307 2100 :
" S 0.0 0.5 Y 5 0
0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
Time [min] Time [min] Time [min] Time [min] Time [min]
Possible to drive below 100°C
Cooling capacity [W] [ A : Radiator size [m?]
*) https://toyota.jp/mirai/ Q.. = AK-AT K : Overall heat transfer coefficient [W/(m?+K)]
. ' 9 cool AT : TFC - Tamb. [K]

(FC systemx4) <SSl -

m \777—“. 1}1 V

(O 32 m2 X 4) (5) A. Hosoi and K. Inui, (6) D.T. Hountalas, et al.,
m —_— Transactions of Society of Energy Conversion and Management,

m ?;tongfil\ZE(ggiznle)ers of Japan, 53, 19-32 (2012)
oo Engine HOV Wil WETRANELY
Ref. size= 1.28m? ) Target size =0.83m? | & il

* ) https://www.volvotrucks.us/trucks/vnl/

HDV w/conventional PEFC is possible to drive below 100°C



HDV driving simulation results by FC-DynaMo B ) &

m Using MIRAI-MEA (Conventional MEA)

Radiator ) )
size FC stack net power Current density Cell voltage Cell temp. H, consumption
400 2.5 1.0 175 1.6
—Request — _ _
5300 —Ouput g 2.0 = 09 % 150 % 12
] — " Outlet g
[Ref ] E.zoo % " 2 N me ‘E N —Inlet E‘ 0.8
MIRAI X 4| £10 S 0.7 %100 :
(A=1.28m?) £ 10 30 Z 06 Z M £ o
a 0 5 0.0 0.5 o 50 0
0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
Time [min] Time [min] Time [min] Time [min] Time [min]
Possible to drive below 100°C
400 R . 2.5 1.0 175 1.6
—Reques - _ _
Z 300 | — Output ; 20 Output _ 09 Output S 150 Over 2, Output
. = 5o - = oo . i g oo c
£ 200 ' z 15 limitation g 08 limitation if 125 / 100°C __Qutet | |2 y limitation
[T_a rget] b M‘ £ 10 Z 0.7 2 100 B
Engine HDV| s AN 3 z g £ 04
(A=0.83m?)|< ﬁ Shutdown g 05 $ 06 =75 S
= 5 S
<o 0.0 0.5 50 0
0 0 5 10 15 20 25 30 0 5 10. 15 ) 20 25 30 0 5 10- 15 ) 20 25 30 0 5 15 20 25 30 0 5 10. 15 ] 20 25 30
Time [min] Time [min] Time [min] Time [min] Time [min]
Overheating when climbing a hill - Pnpossible to drive

Conventional PEFC wi/target radiator size results in insufficient cooling
7 Applying HT-PEFC : Large AT Conventional FC coolant boils

> Considering oil cooling : Non-boiling coolant 4—’

Considering competitive HT-PEFC w/target radiator size, oil cooling




Conv. Oil HT
system cooling PEFC
HOSKINY

(2) Construction of oil cooling system



Conv. Oil HT
system cooling PEFC

HOKKAIDO
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Overview of cooling system

Cooling capacity [W] Q o= A-K-AT

A : Radiator size [m?]
K : Overall heat transfer coefficient [W/(m?-K)]
AT : TFC o Tamb. [K]

W Effect of applying heat transfer oil on cooling system

Heat exchange in radiator
Decrease in lﬁTUbe

K value
FF\%
in

i L
Cool _| Coolant

>
um
/ il >
Increase in Decrease in
pressure loss frow rate

LAA

CAA A

Fan

B Air

Radiator

Quantifying the effect of applying oil on cooling capacity is needed



Effect on coolant flow rate B

vvvvvvvvvv

] ] - ViSCOSitV Of Coolant (2) S. Hasegawa et al., ECS Transactions, 109, 15-70 (2022).
— . o (7) https://lwww.fragol.de/en/heat-transfer-fluids/heat-transfer-
COOI I ng CapaCIty [W] QCOOl = AK-AT fluids/products/fragolthermr-s-15-a.html

A : Radiator size [m?] Tloo @

K : Overall heat transfer coefficient [W/(m?-K)] s o . _ I

AT : Tee — Top [K] T 10 ° Oil’s viscosity is high

] ; . ,‘? ° © o o

| z 1 : : :

Effect of applying heat transfer oil on cooling system % £C coolant® improving at high temp.

S
0.1

25 50 75 100 125 150 175 200
Temperature [°C]

M Flow rate by coolant pump
« Considering the influence of coolant viscosity
— Improved MIRAI’s empirical model @ is used |

l

= at 5500rpm ——73mPa-s
—34mPa-s

—13mPa-s

100 —9.2mPa-s
4.1mPa-s

—1.3mPa-s

0 ] 0.9mPa-s

90 110 130 150 170 190
Ref. pressure drop at coolant pump [kPa]

Coolant frow rate model is improved considering viscosity

Fan

N
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\
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Ref. flowrate [L/min]



Conv. Oil HT
system cooling PEFC

Effect on K value HOKKAIDG
Cooling capacity [W] Q o= A-K-AT ® Formula of K value
A : Radiator size [m?] 1 1 t, 1
K: .Overéll heat transfer coefficient [W/(m?-K)] 1K = A, + A, + .
AT * Tec — Tamp, [K] — A ——
A¢ + Af ltAt-I_Afll |

cooling system Metal thermal  Alr

W Effect of applying heat transfer ol
conductivity heat transfer

Decrease in ; ’s heat trans_fgr coefficient ( —Oil)
K value o, : A_ir’s hegt transfer coefficient
n, : Fin efficiency.
A : Radiator size
A; : Fin’s total contact area at air side
A; : Tube’s total contact area at air side
A, : Tube’s total contact area at coolant side

|-
(@)
= J¢ @ Tube’s th 1 conductivit
»z Z PllFar T e o
S
nd Tube Temp. : 60~200°C
Cool , Coolant [ Flow rate : 0~240L/min
pump = Calculating ¢ (FCC—

r\; Temp. : 30°C

Fin >R Air— Velocity : 2~12m/s
= Calculating a,

Calculating a value is essential for K value



Effect on K value | S coning 1 eic | 59

B Formula of K value Boundary Nusselt number : Nu Friction coefficient :
condition (Gnielinski Egs.) (Haaland Egs.)
1 _ 1 + tt + 1 Re <2000  |Nu=3.66 p=3
A K AC At AC aana (5) re o , ;
A A A A 2000 < Re <4000 | Nu = X6~ 2090 O ——aes|+ 66 | (m a (
t + f l t + f , l , < 2000 >1+12_7(£)7(Pr§—1) | (352 Re)l‘
1 [ err
Metal thermal Alr Re > 4000 N“ZM fzw
L. f\2 g_ ~18logio|(37g)  +Fe
conductivity  heat transfer 14127 pri 1)
— 0.5 (2) S. Hasegawa et al., ECS Transactions, 109, 15-70 (2022).
¥ 0.4 FC C00|ant(2) (7) https://www.fragol.de/en/heat-transfer-fluids/heat-
E ) transfer-fluids/products/fragolthermr-s-15-a.html
=~ - -
Tube Temp. : 60~200°C < 03 l ¢ 15 0.4 times smaller
I Flow rate : 0~240L/min Q 02 oo 0 o o o o o % ™
. 0.1
=> Calculating o/ ( — 1) 25 50 75 100 125 150 175 200

Temperature [°C]

i
R
S

> e
i AT a, = Nu - A, ,2.1000 - Ilflga(t:?;;anr;;er il éggé?
¥ 750 < g Cpmpargd to FCC,
N S ceT oil‘s e, Is reduced
o, : Coolant’s heat transfer coefficient = to 0.2 times
N, : Nusselt number S /I_C
4 : Thermal conductivity — - 60°C
L : Effective length 0 50 100 150 200 250

Coolant flow rate [L/min]

By using oil, a_ is reduced to 1/5 — Estimating K value



Estimating result of K value from formula S Hi H e | 0
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Cooling capacity [W] Q o= A-K-AT Coolant temp.
A : Radiator size [m?] 60°C 180°C
K : Overall heat transfer coefficient [W/(m?-K)] 4 . :
_ Air velocity
AT . TFC - Tamb [K] 12m/s
3
m Effect of applying heat transfer oil é , g |
on cooling system . 6
= : P 4 Compared to FC coolant,
elé:rease . K 2m/s 0il’s K value is
value '
0 ! ~(.7 times smaller

0 150 _ 200. 250
A=0.32m? Coolant]fPow rate [L/min]

| -
= 4 4
.S [jFan _
s 3 Oil’s K value is 3 _ _
o é poor at low temp. é Improving at high temp.
Cool _[ Coolant B =2 =2
— 7| pump transfer | X X
X X
oil  [<1 =t
L
,///_
0 : 0 ~
0 50 100 150 200 250 0 50 100 150 200 250
A=0.3pm? Coolant flow rate [L/min] Coolant flow rate [L/min]

K value is improved at high temp.— Oil cooling could be used for HT-PEFC



Conv. oil HT
system cooling PEFC
HOSKINY

(3) HT-PEFC’s IV performance and simulation results



IV characteristics of MIRAI-MEA & PBI-MEA o H coomng H ol | 59

1.2 (1) S. Hasegawa et al., ECS Transactions, 104, 3-26 (2021).
_ @100kPa (2) S. Hasegawa et al., ECS Transactions, 109, 15-70 (2022).
> o _ (3) S. Hasegawa et al., Comput. Aided Chem. Eng, 49, 1123-1128 (2022).
=0.8 80°C, MIRAI-MEA e
S calculated by FC-DynaMo(!2:3)
S04
3 140°C PBI—MEA _
0.0 obtained by experiments

0.0 0.5 1.0 15 2.0
Current density [A/cm?]

Compared to MIRAI-MEA, single cell is used, %
PBI-MEA’s overpotential is very large. (Active area is 25cm?) |

B Separation of overpotential

MIRAI-MEA@80°C, 100kPa PBI-MEA@160°C, 100kPa PBI-MEA@160°C, 250kPa
1.2 oCcV 1.2
i~ NP = | T l
2, 08 ACtIVation'" xCaleulated by Tafel eq. 'Z'O g Large Activation Limitto reduce Large Activation
% . — Resistance (= iR) o U- Material improvement
= \Z ' 8 is also required
S 04 Concentration So4 Resistance a esistance
3 5 _ Possible to reduce __y small Concentration
(&) LargeConcentration
0.0 0.0
00 05 1.9 15 20 0.0 05 1.Q 15 20 00 05 1.0 15 20
Current density [A/cm?] Current density [A/cm?] Current density [A/cm?]

PBI has large activation overpotential > Proposing required performance



HDV driving simulation results by FC-DynaMo EEN R

Radiator . i
MEA | Coolant size FC stack net power Current density Cell voltage Cell temp. H, consumption
400 2.0 1.0 200 2.0
E' —geque:st 'E 5 E
—Oupu 5
% 300 $1s =038 W T 150 Outlet Z1s
g = g 5 —Inlet e
Conv , =2 Z 10 £ 06 z g10
. = z g 2 2
MIRAI FC 1.28m Z 100 ; 0.5 E 0.4 £ 1 gos
coolant | (Ref) | E 2 M =
0 < 0.0 0.2 50 0.0
0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
Time [min] Time [min] Time [min] Time [min] Time [min]
. . 0
Possible to drive below 100°C
400 — 2.0 1.0 200 2.0
—Reques — _ _
Esoo — Output g 15 OUtpUt 0.8 OUtpUt 2 OUtpUt 215 OUtpUt
z limitati S limitation |5 | limitation 2 | |2 el
Thermal 2,200 10 Imitation o6 z Inict 210 limitation
2 1% : 3 E & g
ppr |transfer| 0.83m" |3 oor outp Zos | = 04 g g0s
oil | (Target) |¢ 2 v 3 =
(S15A) 0 S 0.0 0.2 Y 50 0.0
0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
Time [min] Time [min] Time [min] Time [min] Time [min]
Large overpotential = Poor output and large waste heat
400 2.0 1.0 200 2.0
E Request ,_E S ?lllt:e( E
— Output 5 s, —Inle =
-; 300 2 1.5 ) " Eo.s Mw = 150 - 1.5
g z s 2 £
2,200 z 1.0 [ £06 z 510
Virtual ! 3 g £ 100 g
HT-MEA T T 5 100 *éo.s J i J 3 0.4 g r/ ENO.S
= = Q
0 S 0.0 0.2 50 0.0
0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
Time [min] Time [min] Time [min] Time [min] Time [min]
Given required_IV performance — Possible to drive at high-temp.

Virtual HT-MEA X oil cooling : Possible to operate w/small radiator



HDV driving simulation results by FC-DynaMo EEN R

Radiator . :
MEA | Coolant size FC stack net power Current density Cell voltage Cell temp. H, consumption
400 2.0 1.0 200 2.0
E' :geque:st 'E = E
= 300 P $1s =038 W °§ 150 Outlet 15
£ - & E —Inlet &
Conv 2 _5'200 Z 10 £ 06 g E10
’ < ] £ 2 2
MIRAI FC 1.28m 3 100 z 05 3 04 g g 05
coolant | (Ref) g g 3 M =
0 < 0.0 0.2 50 0.0
0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
Time [min] Time [min] Time [min] Time [min] Time [min]
Possible to drive below 100°C
400 — 2.0 1.0 200 2.0
—Reques — —_ —_
Z q0 | — Output é 1.5 OUtpUt =08 OUtpUt 2 OUtpUt 215 OUtpUt
& ) . . . ) - - - 2 150 2 = = Qutlet E . . .
Thermal %200 ?1.0 ||m|tat|0n £o6 Ilmltatlon E J Ilmltatlonl"'“ %10 ||m|tat|0n
2 |= = § El & Z
ppr |transfer| 0.83m" |3 oor outp Zos | = 04 g g0s
oil | (Target) |¢ 2 v 3 =
(S15A) 0 S 0.0 0.2 Y 50 0.0
0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
Time [min] Time [min] Time [min] Time [min] Time [min]
Large overpotential = Poor output and large waste heat

Impossible to operate w/PBI-MEA's because of large overpotential




HDV driving simulation results by FC-DynaMo EEN R

Radiator . i
MEA | Coolant size FC stack net power Current density Cell voltage Cell temp. H, consumption
400 2.0 1.0 200 2.0
E' :geque:st 'E 5 E
; 300 P i 15 =038 W °§ 150 Outlet E 15
3 Z & B ——Inlet i o
2,200 2 1.0 Z 0.6 =
Conv. ) |x g E g :
MIRAI FC 1.28m Z 100 ; 0.5 E 0.4 £ 1 gos
coolant | (Ref) g g 3 M =
0 < 0.0 0.2 50 0.0
0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
Time [min] Time [min] Time [min] Time [min] Time [min]
Possible to drive below 100°C
400 — 2.0 1.0 200 2.0
—Reques — _ _
Esoo — Output g 15 OUtpUt =08 OUtpUt % 1% OUtpUt ods %1.5 OUtpUt
o = - - - s - - - S : £ 1 utlet g - - -
S £ o 9 limitation P limitation limitation n. ., limitation
2 = o 3 S 2 2
ppr |transfer| 0.83m" |3 oor outp Zos | = 04 g g0s
oil | (Target) |¢ 2 v 3 =
(S15A) 0 S 0.0 0.2 Y 50 0.0
0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
Time [min] Time [min] Time [min] Time [min] Time [min]
Given required Large overpotential = Poor output and large waste heat
400 Reqnt 20 1.0 200 - 2.0
IV pe rfO rmance E 300 — Output g L5 - = 0.8 Mw E T It g 1.5
5 = - T = g 150 5
£ 200 ‘gl.o “m M\ LJ\/ [ o : M E10
Virtual é 4 J E & 100 g
HT-MEA T T 5 100 go.s J ) N 3 0.4 ;-: r/ ;ﬂo.s
SN So.0 0.2 Y 50 0.0
0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
0 5 IOTimis[mij]O s 30 Time [min] Time [min] Time [min] Time [min]
Given required_IV performance — Possible to drive at high-temp.

Oil cooling’s disadvantage < Large AT
Virtual HT-MEA X oil cooling : Possible to operate w/small radiator



Required IV performance for competitive HT-PE S H o R 0
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> MIRAI-MEA, 80°C, 100kPa

o 0.8

()] . I -

g Virtual HT-MEA, 160°C, 250kPasy xequlred performance for HT-PEFC

S - Target for material improvement

5 04 PBI-MEA, 160°C, 250kPa : . .

O PBI-MEA  160°C. Possible to reduce concentration overpotential
0.0

0.0 0.5 1.0 1.5 2.0
Current density [A/cm?]

B Separation of overpotential

MIRAI-MEA@80°C, 100kPa PBI-MEA@160°C, 250kPa Virtual HT-MEA@160°C, 250kPa
1.2 1.2 12
S - Improving \
— =, Large —— ~Small
S 0.8 lNﬁResistance o 08 ’ > 0.8 md
= v Concentration g Resistance <8 [stance
= ©
Z 04 S 04 _ S 0.4 Concentration
3 = Concentration >
O =
0looo 05 10 15 20 00 - 00
' ' N ' ' 0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 15 2.0
Current density [A/lcm?] Current density [A/cm?] Current density [A/cm?]

Improving activation overpotential to the same level as MIRAI is required



k.2

B \\e evaluated HT-PEFC’s utility for HDV by FC system simulator.

- By applying oil cooling, the cooling capacity is very poor at low temp.
However, the cooling capacity is improved at high temp.
Oil cooling 1s effective for HT-PEFC.

-HT-PEFC has large concentration overpotential because the oxygen molar
concentration decreases at high temp., but this can be improved by
Increasing the gas pressure.

- Current HT-PEFC (e.g. PBI) has large activation overpotential, resulting in
Insufficient output and large waste heat.

- By improving the activation overpotential to the same level as MIRAI,
HDV is possible to drive with oil cooling system and small radiator size.
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