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2023 HDV System Parameters @ Accomplishments and Progress:
FC System Traction Power (kW) Operating Conditions for 275kW HDV System

FC System Net Power (kW) 191* f * HDV system sized for End-Of-Life 275kW,,.;
e 238 344 System Net Power (ki) * Durability modeling conducted by ANL currently only includes
Cathode Pt Loading (mgPt/cm?) 0.4 0.4 HEHRS ystem Gross Power (it 342 ) 344 data based on electrode degradation in ECSA Loss over Class 8
83kWh e L 04 04 Long-Haul highway drive cycle of 25khrs
Battery Energy (kWh) 183 38 EOL Power Density (mW/cm?) @ 0.7V 608 642 * New for 2023: adjustment to voltage clipping reduced ECSA loss
EOL FC Power Density (mW/cm?) @ 0.7V 750 642 Durability 25khrs J - 25khrs and resulted in increase in power density
=CoA Loss AT EOL 262% o0 * Data used in ANL models at 0.25mgPt/cm? (cathode) but
Durability 25khrs 25khrs Active Area Oversizing 100% 67% 0.4mgPt/cm? (cathode) loading results are projections
ECSA Loss at EOL 38% 50% AR D R e 5 e ) a0c 40c *  Membrane mechanical and chemical degradation to be
; - Ambient Temp for Radiator Peak Operation 27°C 40°C included in future analysis by ANL
Active Area Oversizing 44% 67% System Cost ($/kW, _,) @ 100k sys/yr
System Cost ($/kW, _,) @ 100k sys/yr $165 $164 242k * EOL cell voltage is set to 0.7V (based on DOE target), however,

B Other FC BOP Parasitic Loads

current systems are unable to meet this EOL voltage

=
-
FCH 175 KW Fuel CellBattery Hybrid__ ) 2DDFC-HV>ATA FeRadiator Fan Power g " * Increased ambient air temperature for radiator peak
FC Air Compressor/Expander/Motor E 0 &2 : Fuel Cell Cost and Performance Analysis Presentation for the DOE
Glider Power g 100 Hydrogen Program 2023 Annual Merit Review and Peer Evaluation Meeting,
Payload 23,882lbs = Traction Power & 0 Jennie Huya-Kouadio, Brian D. James
50,4401bs 2022 Strategic Analysis Inc. DOE project award # DE-EE00096258, June 6th, 2023,

AMR Project ID# FC353

STRATEGIC ANALYSISE

Fuel Cell — >

FCH 275 kW Fuel Cell - Battery Hybrid

Class8 : 34tonEl
(1lbs=0.454kg) @ === mmm——————=

275kW HDV System
FC:313kW-net + BAT:83kWH

INV/MG

Glider

Payload 23,882Ibs
51,227lbs

275kW

166kW(2C)

/
HHER © M2FCT: Million Mile Fuel Cell Truck Consortium, DOE Hydrogen Fuel Cell Technologies Office, 2023 Annual

344kW(gross)
313kW(net) RadFan
31kW
Merit Review and Peer Evaluation Meeting, June 6, 2023, Co-Directors: Rod Borup (LANL), Adam Weber (LBNL), ﬁ
Deputy Directors: Rajesh Ahluwalia (ANL), Rangachary Mukundan (LBNL), Debbie Myers (ANL), K.C. Neyerlin(NREL),

DOE AOP project award: WBS 1.5.0.402 e e 83kWh

Class8(34ton-HDT)ICHUVT. 291 TDFC-HVI R T LDREINTLS
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:; * Cost impact of 2023 HDV System Design Changes
HDV system cost reduced by ~$6/kW from 2022 analysis

Largest cost impact: increase in power density from 606 to 642mW/cm?

* High Temp Loop radiator and fan size based on 20-minute hill climb
(6.5% grade) continuous FC peak power load (344kW_ _ )

Increased from 27°C to 40°C ambient temp, increased max radiator fan

power reguired (fan power increased 18% from 28KW in 2022 to 31KkW in
2023)

Increased cost by $4/kw

* BOP Changes include reduction of BOP replacement cost (40% to
35% of BOP cost) and reduction in air filter pressure drop (1.3 to
0.5psi)

* Updated Automation: Switched from Pick-&-Place to Roll-2-Roll
processing for MEA manufacturing at high volume

=> * 22% Cost reduction from 2023 to 2025
@ * 16% Cost reduction from 2025 to 2030

275k HDV Fuel Cell System Cost

[20165/kWnet]

$180
5170
S160
$150
$140
$130

$10
2022 System Cost
100k sys/yr

Accomplishments and Progress:
2023 HDV System Design and Preliminary Cost Results

2023 System Cost
100k sys/yr

Fuel Cell Power System Cost, 20165/kWe

$550

ss00
$450
$400 ©
§350 -
$300 ©
5250 -

$200

s150
$100 :
50
0 -

~&—2022 HDV Truck System
\ —4—2023 HDV Truck System
\ 2025 HDV Truck System
\ +—2030 HDV Truck System
N
\

. \51,0 2022
o SEN—TT 1 s164 2023

- 5128

ey ey Liay . PP |
100 1000 10000 100000 1000000

Annual Production Rate (systems/year)

RHSNDENIMERE

* 6.5%DBEFCRALN
344kWT. 203@&EMETT

VT -/ 7 VEINIEN

N

STRATEGIC ANALYSIS?

H &8 : Fuel Cell Cost and
Performance Analysis Presentation
for the DOE Hydrogen Program 2023
Annual Merit Review and Peer
Evaluation Meeting, Jennie Huya-
Kouadio, Brian D. James

Strategic Analysis Inc. DOE project
award # DE-EE00096258, June 6th,
2023, AMR Project ID# FC353

AHIENANZEIBP U T, 6.5% 5 FCERAL/I344kWT, 205 EhEGREITEKERIRT SCE
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Cem?] i em A e 48 0D ELE
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360300 wmmmm
7 1\ 2035HO BIEI-V S 300,000 =FCA5w B < BAEA
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o 0.8 X
o RN 100,000
= | Tl 2035 2035
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o o5 1 15 2 25 3 35 4 (KDWY I mEEEER IR Z {KiR)
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1.2
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1 | T~ MR/ —> - WHVC+HEENZLE (18/cycle)

X2 20305 tEBFI-VISE (PtE0.19g/KWaIR) :
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X3 2035FEBIZI-VIEHE (PtE0.13g/ kWETJ}?E) :
A ERBE2 18A/cm2 EEO. 76V, B ERBE237A/cm2 EEO. 71V

20355:!5@#-,- THDT) ,120°C %4 204081 2-VHEE (Pt80.07e/kKWARD)
- A  ERBE229A/cm2, EEO0.86V, M ERBE2 44A/cm2, EBEO0.81V

Cell voltage V

. .l T X5 IREIRY Y IDOBEKEDRE
Gen2 MIRAI . _ ~..

92°C ) ) FVEEEDRRE U ERIRE44 ~VHDT TRE LULEREEZRT, 2N
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I
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04 | | |
0 1 2 3 4 _ .
_ H1.3.2-1 KBSV IOESBEGEICEHINT
Current density A/cm? 20304E L8, 20354EKE . 20404ELH 0) B AZI-V s

2035FDIVER (BOL, EOL) ZiEhl
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NEDO NEDO u NEDO n i i i IMMORTALX3
(20307 (203554H) (2040%Ft) (2030) (Ultimate) (2025) o

WR7I)o—3y KBNS - | RENSY - | KBNSV - KBNSV D KBNS YD KBNS YD KBNSV
fR-25E- R | fA-2hE- - | in-BhE B
Bi-JA—0 | EB#-TJAx—0) | Bt TJA+—21)

Ik Ik Tk

AR OR=EE 105 120 120 = = 90 —

[C]

F{ERI-V (EOL)0.72V | (EOL)0.71V (EOL)0.81V 0.769V 0.769V (EOL)0.7V (EOL)0.675V
@1.77A/cm?2 | @2.37A/cm? | @2.44A/cm?2 @1.09A/cm?2 @1.09A/cm?2 @1.07A/cm2 @1.2A/cm?

PtBfi= 0.24 0.22 0.14 0.3 0.25 0.3 =

[mg/cm?]

Pt= [9/kW] 0.19 0.13 0.07 0.357 0.298 0.4 —

it ABFfE [hr] 50,000 50,000 50,000 25,000 30,000 25,000 30,000

(30,000@’30)

%1: DOE Program Record #19006, “Hydrogen Class 8 Long Haul Truck Targets”, Aug. 2019
%2: DOE Annual Merit Review 2021, “M2FCT: Million Mile Fuel Cell Truck Consortium” (Project ID: FC339)
%3: IMMORTAL Website, https://immortal-fuelcell.eu/index.php/about-immortal/overview# ftn3
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