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Technology Using 1D Simulations to Predict Performance of Internally Humidified Stacks for Next-Generation
PEFC Systems
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Polymer electrolyte fuel cell (PEFC) systems have been put to practical use in various applications. Recently, demand has grown for application
to heavy-duty vehicles (HDVs) such as trucks, buses, etc., which require relatively high output power and durability.

Toshiba Energy Systems & Solutions Corporation has developed a highly durable, proprietary internally humidified stack and applied it to
stationary PEFC systems. With the goal of expanding application to HDVs, we are working to increase the output power density and reduce the
cost of next-generation PEFC systems while developing technology using 1D simulations to predict internally humidified stack performance based
on the physical properties of cell materials. We have conducted 1D simulation tests using candidate cell material data, confirming that the current
density of cells using new materials has nearly quadrupled compared to conventional products.
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Internally humidified stack overview

42 EZLEa21—Vol. 80 No.5 (2025%9A)



A
SEREL AT
< N A
,Bf? RITRBOWRE N\ BiEla
S RS
| L ! .
0 1 2 3 4
BREE (A/cm?)

2. BREEDEMICHSIZDEDIEAEBIFMELE

EAEE YT, L, 55, IR e ho SR ERL
T, MR BUEN BB,

Dependence of cell voltage on current density and target cell voltage
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Comparison of current-voltage (I-V) curves of measurement data for
conventional products and estimation results obtained by 1D simulations
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Results of simulations of cell voltage for different combinations of CL
and GDL materials

s RIVEBE (V) (EXHE™)
B OB |f | FAA/T— sl [Frepera
JO0tX 1T%m
o GDL GDLA | GDLB
RITRMEDCL BT e 0.00 0.09 0.11
17
CLB _ Eoip) 0.01 0.10 0.12
BT =
CLr |7 0.01 0.10 0.12
R
CLB+r Eigs) 0.03 0.11 0.13
CLa BRiT _ 0.19 0.22 0.23
BT
CLa+B — i) 0.20 0.23 0.24
CLa+r BT 0.20 0.23 0.24
R
CLa+B+r R 0.21 0.23 0.25

IESA - 200 kPa (7—YFE)
EREE 2 A/Jem?
*}RITHBADCL - GDLEZAWHBEO /L BEEDE

DNESM:200 kPa (7" —YE)

CL a+B+r

cbL B CL a+8

S
< . GDL B
g | mansocL €019V oL o
B RITEFAOGDL Ak GDL B
(REETOSE(E) > BiZkae
BITHRAOCL \
BTHEDGDL a
o RTRADGDL
| | | |
0 1 2 3 4

EREE (A/cm?)

K 5. CL*GDLEZEZIIGEDNA—TDIIaL—aV/#ER
IFEZAEE CL - GDLOZEHICE-T, A2 FEHTELIL 2R L,

Results of /-V curves obtained by 1D simulations when physical
properties changed

BT, TEBIE T OB A KR IR L 72,
NS5, MESEEXOCL - GDLOZEEICL > THEE
THHATHSOKN ARG OERE L EBTELILERL
Teo Eiz, FBTAA < —P8LE T 0 AUGER DAL
CETHRIERSGEORMD DD LN T h 0Tz,

5. HEHE

A TR R e LV INER co E MBI S - &
SACE G2 AT T2 IDEFVEFFL, &L iEto
P D WV RO Tl FREE L7z,

FHEM R OER L HLE R O THIC X 25 R ORIHIC
SWTC, IDEFAVEHAVEZYIaL—vavickh, BTl

45



IR TR A OBREE2MRL, EHAEEN - K
aAMUDOEB AN Z R L,

S, IDETVCEZFHIfEE, BEISOEEEED
ToEH 7 — 2 Lo, HICRREYEEOHIEIC LD,
IDEFNRPT A=Y —DfEEEED, YEfEOT—4
N—2%PFRLTC, BadEHHEEL - Kax M
F7-BAFEEHED T L,

X Wk

(1)

46

NEIUHE, 13, RBEEREFUCIAT 7R s AT LD HAN.
HEZLEa—, 2021, 76, 3, p.31-35. <https://www.global.toshiba/
content/dam/toshiba/jp/technology/corporate/review/2021/03/a08.
pdf>, (£ 2025-05-20).

Rubio, Miguel A. et al. Dynamic modelling of PEM fuel cells using
the FuelCellLib Modelica library. Mathematical and Computer
Modelling of Dynamical Systems. 2010, 16, 3, p.165-194.
Nonoyama, N. et al. Analysis of Oxygen-Transport Diffusion
Resistance in Proton-Exchange-Membrane Fuel Cells. Journal of
The Electrochemical Society. 2011, 158 , 4, B416-B423. <https://
www.researchgate.net/publication/274539255 Analysis_of
Oxygen-Transport_Diffusion_Resistance_in_Proton-Exchange-
Membrane_Fuel_Cells>, (accessed 2025-05-20) .

NEDO. NEDO PEFC-e V& Affi fitfr 7 v b 21 2023 4F k. 2023,
73p. <https://www.nedo.go.jp/content/100963953.pdf>, (ZH
2025-05-20) .

™
of rdn

1

4

T #§F YAMASHITA Kyohei, Ph.D.
HELFIVF =2 AT LA (BR)

LANFE =T TVT = a R KAV F — BT
b BREY)  AREEG S - EARRHEHRY 28
Toshiba Energy Systems & Solutions Corp.

RE FTF  KIHARA Yohei
HELFINF =2 AT LA (BR)

IAINX =TTV = a v HER RKFET IV X —FIFER
Toshiba Energy Systems & Solutions Corp.

fERE 3 TAKAMATA Hikaru
HEZFIVF =2 AT LA (BR)

TANK =T IVT = a R KT AL —BATER
Toshiba Energy Systems & Solutions Corp.

EZLEa21—Vol. 80 No.5 (2025%9A)


https://www.global.toshiba/content/dam/toshiba/jp/technology/corporate/review/2021/03/a08.pdf
https://www.global.toshiba/content/dam/toshiba/jp/technology/corporate/review/2021/03/a08.pdf
https://www.global.toshiba/content/dam/toshiba/jp/technology/corporate/review/2021/03/a08.pdf
https://www.researchgate.net/publication/274539255_Analysis_of_Oxygen-Transport_Diffusion_Resistance_in_Proton-Exchange-Membrane_Fuel_Cells
https://www.researchgate.net/publication/274539255_Analysis_of_Oxygen-Transport_Diffusion_Resistance_in_Proton-Exchange-Membrane_Fuel_Cells
https://www.researchgate.net/publication/274539255_Analysis_of_Oxygen-Transport_Diffusion_Resistance_in_Proton-Exchange-Membrane_Fuel_Cells
https://www.researchgate.net/publication/274539255_Analysis_of_Oxygen-Transport_Diffusion_Resistance_in_Proton-Exchange-Membrane_Fuel_Cells
https://www.nedo.go.jp/content/100963953.pdf

