Methanol Steam Reformer — High Temperature PEM Fuel Cell System Analysis
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MEBIUS Ltd.
*Slovenia-based spin-out from the National Institute of Chemistry
* Young SME focused on R&D of core components for LT & HT PEMFC
* Developing products:
— GDEs
— LT & HT membranes
- MEAs
— LT & HT stacks (up to 250 W)

INTRODUCTION
* Why methanol?
— Sulphur free fuel
— Far greater energy density per volume than H, at SATP
* Why HT PEMFC?
— Faster kinetics
— Use of HT heat in cogeneration
— Simplified water management
— Greater tolerance to CO poisoning
— Possibility for integration of methanol steam reformer (MSR)

SYSTEM MODELLING
* Modelling was performed using
— Mathematica programing language
— Aspen Plus software
* MSR modelling
— Directly in Aspen Plus using R-Plug model unit
— Reactor as a tube 200 mm in length and 10 mm in diameter
— Kinetic model proposed by Peppley et al is based on
Llangmuir-Hinshelwood mechanism:
CH,OH + H,0 <> CO, +3H,  methanol steam reforming
CH;OH <> CO + 2H, methanol decomposition
CO+H,0<<> CO,+H, water gas shift reaction
* PEMFC modelling
— Calculations for HT PEMFC performed in Mathematica

— Efficiency
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— Cell potential (losses)
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— HT PEMFC power characteristics vs. H, molar flow exported from
Mathematica to Aspen Plus User-2 model of HT PEMFC stack

AlR2 REFORMER D TEIHIIIE!I'EltLlI'E.' {C:I
1,128
@ SRy D Pressure (M/sgm)
HEX2 E ﬂ ﬂ
——| H2-RICH o Z Mass Flow Rate (gmfzec)
K b4 K
0t 3 B [ ] _
' @ D WVolume Flow Rate (Lmin)
' Q=57
100000
(r50) o) \ 100000 ) ) Duy cwa
00057 0,0332 Pl 3 —\\ln,azq \ | Power(Watt)
\ 0,933 ] AMODE-I (160) i =41 600 | (203) (50 Q  Duty (Watt)
100000 ﬁl_\r.
2510 ' 0,0389 00389
Wy 4,073 HEx4 2,564 HE5
HEX1 = ST > FLUEGAST —>
FLUEGAS?Z FLUEGASS
G!Qj HEAT >
USERZ o G=-37 Q=181
@=35 Q=57
A o &
0.0057 -1 00000
! 0,071 k ] 00063
@ . 0,000 WYWATER
o azs
—— M1
2,493 [ ———] MEOH-REF
Q=2
MIXER

ZATH-IM

Mass and energy balance analysis of the system with MSR and conventional HT PEMFC stack
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Heat & Power produced in HT PEMFC and CH,OH conversion at constant temperature

* Combined system
— Two types of HT PEMFC stack (conventional @ 160°C & novel @ 260 °C)
— Both types of stacks have the same efficiency characteristics
— In both cases MSR operates @ 250 °C
— Steady state conditions
— Adiabatic insulation
— Heat regeneration
— 100% methanol conversion
— 83.3% H, and 50% O, utilisation in stack

RESULTS 1.00 5.9
* MSR 0.95 // 5.6
— Fixed molar flow of methanol @ 090 /// 53 =
9.6-10"° mol/s S 085 // 50 3
— Steam-to-methanol ratio 1.5:1 o // =
— 100% conversion @ 250 °C /i L
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— Efficieny of systems (based on HHV)
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operating temperature of MSR
: Heat fl Unused
Operating eat on Heat flow | Recycled |Used heat Heat flow to
Stack produced in heat from .
temp. to MSR | heat flow flow environment
stack stack
conventional 160 °C 33.3 W 5.7W 109 W 6.1 W 27.2 NV 18.1 W
novel 260 °C 335 W 57W 19.8 W 0.8 W 27.0 W 18.3 W

— In reality the assumption of adiabatic insulation does not stand. The lower operating
point of the system will be defined by the sum of heat losses (dependant on the size,
design, insulation and temperature level of the system) and the heat generated in HT
PEMFC stack equalling to zero.

CONCLUSIONS
* Two limiting cases presented
— Because of initial assumptions and idealisations efficiency of 40.6% is equal for both
systems. In reality it will be different (different kinetics and proton conduction
mechanism).
— Higher temperature level of produced heat in novel HT PEMFC but also expected higher
heat losses (depends on the design of the system)
* Two possibilities for future MSR-HT PEMFC system development:
— To develop catalyst that allows operation of MSR with 100% conversion below 180 °C;
this would enable coupling of conventional PBI/H,PO, and novel MSR
— To use conventional MSR @ 250 °C and develop novel HT PEMFC that operates at
temperatures above 250 °C
*n case of novel HT PEMFC new materials need to be developed (electrodes, membranes,
gaskets, etc.)



