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Fuel cells: targets & achievements

IIT Bombay {2)

Energy Science & Engineering &

TARGETS ACHIEVEMENTS
Efficiency :40% v'?
) 60% v?
E Dur ability 140,000 hour s (stationary) x
T 5,000 hour s (automobile) S
T | Cost :$400-$750/kW (stationary) %
$45/kW (automobile) %
Power density | :220 W/L & 325 W/kg ?
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Membrane & Electrode challenges: COSt ot tpto o

Membrane
e Type:
e Cogt:

e Area/lkW:
e Cost/kW:

Electrode

» Catalyst type:

e Cost:
 Loading/kW:
o Cost/kW:

Sulphonated (Nafion)

~200 US$/sg. m

2000 sg. cm @0.5 W/sg. cm
40 USH

Platinum

~75 US$H/gm

2 gm @0.5 W/sg. cm and 1mg/sg.cm
150 US$
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Su'phonated Membrane Energy Science & Engineering

* Dupont (Nafion®) membrane is commonly used
* Chemically resistant
* HSQO, is ionicaly bonded to the side chain

 Clusters are forme
» Backbone is hydrophobic alongwith hydrophyllic side chain
 Large guantity of water can be adsorbed

* In hydrated region Hons are relatively weakly attracted

* In presence of water it acts as an ionic conductor
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Challenges: Sulphonated Membrane

Energy Science & Engineering

| ssues

Solutions

Membrane:
® \Water dependent conductivity
High system cost
Large system volume & Complexity
Swelling and shrinkage: Durability
® Operating temperature <1°C
High activation losses
Low CO tolerance
Limits fuel options
Increased cost for }Hproduction

Water independent ionic conducting
membrane

Electrode:
® Catalyst type: cost & durability
® Catalyst utilizations
® Catalyst loading

eInnovation for low cost & high durability
catalyst =V

N g

sImproved fabrication technique
* Improved surface area/mass
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Geometry for gaS d|Str|bUt|OnS Energy Science & Engineering

» Manifold: Channels for distributing gases in differ ent cells in a stack
* Flow field: Channels enables distribution of gas on the active area of the cells

| nlet

«Serpentine type flow filed is commonly used

ISSUES:

» Heterogeneous performances due to
uneven gas distribution in different cells

« Causes water flooding at high current
densities

* Heterogeneous gas pressure distribution
» Degradation in performance

Solution:
e Optimum flow field design
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PEFC related aCtIVItles Energy Science & Engineerin fq

e Optimum Designing

« Systematic Fabrications M ethodology for Stacks

e Sealing analysis and contact pressure distributions

« CFD Modeling

e High Temperature PEFC (HT-PEFC) @ 120 °C-200 °C
* MEA fabrication

 PEFC along with hydrogen in PV system
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PEFC aCtIVItIeS: DeSIinng EnergyScience&Enginee}gg

 Designing of bipolar plate and flow field
e Sealing geometry by contact pressure distributions

e CFD modeling of fuel cells
 MEA fabrication
 Thermal analysis of HT-PEFC

Contact pressu
distribution
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In-SItu ContaCt pressure anaIySIS Energy Science & Engineering
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PEFC: Characterisations

 Leak testing of fuel cells
e Current density distribution measurement

e Electrochemical characterizations
» Operating conditions optimization
o Startup time of HT-PEFC
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PEFC CharaCterisationS: CDD Energy Science & Engineering

Oper ating conditions:

Air stoichiometry factor = 1.5;

H, stoichiometry factor = 1.2;
Pressure 1.5 bar;

H2 relative humidity = 100 %;

Air relative humidity = 100 %;

Cell temp. 60 °C,

Mean current density = 800 mA-cin
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HT-PEFC Start-up Modelling o

» Graphite BPP of thickness 4 mm

» 2 straight coolant channels (Imm x 1mm x 100mm)
» 2 gas channels (Imm x Imm x 100mm)

* GDL (5mm x 100mm) of porosity 0.5

* PBI membrane of thickness 0.1 mm

« Membrane area (5 cm?)

xx
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Materials properties & boundary conditions ey Scomon Erons

Coolant: UCOTHERM PBIl: 80% Phosphoric acid

* Density: 885 kg/m3  Density: 1771 kg/m3

e Sp. Heat: 2290 J/kg-K e Sp. Heat: 2090 J/kg-K

e Thermal conductivity: 0.158 W/m-k  Thermal conductivity: 0.45 W/m-k

* Viscosity: 0.0016 kg/m-s

BPP: Graphite Op. pressure. 1 atm
e Density: 2250 kg/m3 Initial temp. 300 K

e Sp. Heat: 1732 J/kg-K INLETS

 Thermal conductivity: 24 W/m-k - Anode gas: 3 m/s

_ e Cathode gas: 3 m/s
Reactant gas: air « Cathod lant: 0.005 m/
e Density: 1.225 kg/m3 anpee e .

e Sp. Heat: 1006.43 J/kg-K * Anode coolant: 0.005 m/s
- Thermal conductivity: 0.0242W/m-k  [ISEIEEeCLIRIUMRVRC R (¢l

e Viscosity: 1.789x10 - kg/m-s
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Start-up heating comparisons T Bombay {2k
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PV system: hybrid storage Energy Science & Engincering &2
. Energy e Storage . Load i
converter Short-term Long-term

Photovoltaic Battery  Electrolyser H, Tank Fuel cell < Repeater
station
 Health centre
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RenHySys: Tool for visualization it

HenHySys(Developed & by Dbt Ghiosti))
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ConCI USIOnS Energy Science & Enginee¥g @

JPEFC challengesinclude
» cost
»>durability
»weight and volume
dNafion membrane hastechnological issuesin addition to cost
dInvention of new catalyst isrequired for low cost and high durability
LElectrolyte with water independent conductivity isimportant for
»morefuel options
»reducing hydrogen production cost
dGasdistribution geometry isimportant for
»performances
»durability of PEFC
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Energy Science & Engineering

THANK YOU
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