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* Modeling

— Ranging from micro scale to macro scale

* From detailed component design to model based
control

e Experimental characterization

— Component behavior vs. operating conditions
e Temperature, pressure, load characteristics

e System design, control and testing
— Micro CHP, Backup power, range extension
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Reformed methanol for HTPEM

Methanol is an excellent fuel and improve system efficiency
compared to hydrogen if:

— We could steam reform it at 160C and S:C=1.0 with no CO formation

and no methanol slip!

These challenges are key to many of our research activities

NB: Methanol is available today, it can be produced entirely from
renewables and is not constrained by available biomass resources.
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Experimental activities

SEM-EDX analyses of MEAs

—  Structure and elemental composition
Single cell test facilities 50 cm2 with EIS
— In-house built H,/air and reformate setups

— Performance and degradation rates
*  Start/stop & reformate with methanol slip 2 =+

— 1V-curve, EIS and CV \\K
. ™
Methanol reformer tests/mapping i \

Stack tests (short stack and 5 kW) pe== |

.
Current density [mAjom”2]

Polarization curve - 80% conversion
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1D and 2D electrochemical model
— Simultaneous EIS and I,V-curve simulation et T,
* System level models A SN
— BoP design 02
— Control concept development I
*  Adaptive neuro fuzzy inference system (ANFIS) - — rmmgu':w'u:'ﬁ
— Potential diagnostics capabilities (FDI) ey e s ieet
* Computational Fluid Dynamics ) e o
— Reformer reactor analysis o] — My
— Conversion, temperature distribution etc. L%_M;,

— Assist in design and control development
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Methanol slip [ppm, dry gas]
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Electrochemical characterization of a polybenzimidazole-based high
temperature proton exchange membrane unit cell
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EIS modelling

 Simulate EIS and IV curves
e 1D through the membrane model

* The model at a glance
— Gas phase transport
— Transport of 02 in H3PO4
— Multi step reaction kinetics

— lon transport in CL and membrane
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PA distribution & migration

e Effect of long-term operation:

1. The PA content in the MEA decrease after test, compared with that
before cell assembling. Excess PA in MEA may be squeezed out into the

flow field by compressing during assembling.

2. After test, the PA left in the membrane is almost the same (compared

with that after assembling); the PA remaining in CL increase with

increase in initial amount of PA.

3. PA distribution in electrodes become more and more nonuniform

during long-term test.
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Yuka Oono, Atsuo Sounai, Michio Hori. Long-term cell degradation mechanism in high-temperature proton exchange
membrane fuel cells. Journal of Power Sources. 2012, 210: 366 - 373.
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e State-of-the-art modeling of
— Flow, heat, electrochemistry

— Two phase flow, water management &i

e Cell design improvements
— Self-humidified cell
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* Energy flow Sankey diagram™

HTPEMFC
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* OneTE module

: Warm Side
* Two working modes: TEG, TEC
ONE SEEBEGK DEVIGE “GOUFLE™ GONSISTS OF ONE
R A S e
HEAT HEAT ll.lml RELEASED
WTYRR mw::uwln tﬂl-' ’lllt .'uw:vnh‘ll BISMUTH «-t'fn muuru t t Hrn BISMUTH
TELLURIDE N = i / TeLumos A T TeLLumos
=] 2] (-B
BLECTRON @9 GB@ woLE ELECTRON 99 EB@ HOLE
FLow = ® FLOW LW o @ PLOW
t @9 GB@ ' t @9 @9 '

TI_ &:::‘“tmmf'::::" E L B |

r:::l::;:::ou ‘\/"‘\ g -:::::::;:- 1 III|'+
TE generator (TEG), Seebeck effect & TE cooler (T'EC) Peltier effect
Pros and Cons: reliable, clean, excellent scalability, but low ef'ﬁuency/COP

"::L, |

Department of L
ENERGY TECHNOLOGY -
Aalborg University



1. What we need? A TEG heat recovery subsystem, efficient,
compact, and low pressure drop.

2. Best type of heat exchanger?
3. Right size of the subsystem?
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Main conclusions™:

1. The subsystem configuration is optimized, MPPT considered:

2. Its power output:
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Conclusions

e Methanol is a promising fuel for HTPEM fuel cell system
— Excellent system efficiency

— Support 100% renewable energy production
— Electricity grid balancing potential

* An optimization potential still exists for methanol reformers to reduce CO

production and methanol slip

e More work is needed to understand and reduce the influence from CO and

methanol on HTPEM-FC performance and durability
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