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• Actual start:   9/1/2009  
• Planned end:  8/31/2012 
• 90% complete 

• Barriers addressed 
– (B)  Cost 
– (C)  Performance 
– (E)  System thermal & water  
            management 

 

• Total project funding 
– $4.46 M (DOE, includes $375K 

to LBNL) 
– $1.57 M (Cost Share) 

• FY’11 Actual Funding: $1.195 M 
• Planned FY’12 Funding: $0.876 M 
 
  

Timeline 

Budget 

Barriers 

Partners 

Program Overview 

• Johnson Matthey Fuel Cells 
• Penn State University / 

University of Tennessee 
• Lawrence Berkeley Lab 
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Relevance 
The objective of this program is to optimize the efficiency of a stack 
technology meeting DOE 2015 cost targets.  

Program is on schedule and the  2010 Go/No-Go milestone has been met 
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Technical Target - Approach 
Target:   Demonstrate stable and repeatable high power performance on 
a full format fuel cell stack:  7.5 W/mg-Pt @ 500mV. 

HOLY 
GRAIL ! 

Shaded Region 
Performance target 
to enable $15/kWe 
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Single Cell Development 
Performance of SCOF compared to full format Orion stack. 

Tcell= 60 oC, An 50% RH, Ca 0% RH, Press ~1.1 to 1.8 bara 
MEA27 : JM MEA27, 0.05 mg Pt/cm2 An, 0.15 mg Pt/cm2 Ca GDL: SGL 25BC 
MEA28 : JM MEA28, 0.05 mg Pt/cm2 An, 0.15 mg Pt/cm2 Ca GDL: SGL 25BC 

Single Cell 
Open Flowfield 

(SCOF) Hardware 

Similar performance 
obtained between single 
cell and full format stack. 
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Single Cell Testing 
Low Pt loading (0.2 mg-Pt/cm2) MEAs from JM tested on SCOF hardware 

Tcell= 60 oC, An 50% RH, Ca 0% RH, Press ~1.1 to 2.4 bara 
MEA28 : JM MEA28, 0.05 mg Pt/cm2 An, 0.15 mg Pt/cm2 Ca GDL: SGL 25BC 

• Stability demonstrated at 
high current density point 

Specific Power of 7.3 
W/mg-Pt Achieved on 

single cell 
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Temperature sensitivity study conducted at 2 A/cm2 on 
standard Pt loading (0.55 mg-Pt/cm2) materials 

MEA: Gore 5730, 0.15 mg Pt/cm2 An, 0.4 mg Pt/cm2 Ca 
GDL: SGL 25BC 

RH (%) 
An / Ca 

Press (bar) 
An/Ca 

53 / 0 1.8 / 1.8 

53 / 0 1.8 / 2.4 

53 / 53 1.8 / 2.4 

• Concerns about heat rejection capability 
were addressed by increasing operation 
temperature. 

Critical parameters to 
cell hydration were 
studied and results 
used to inform the 

model 

Single Cell Testing 
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Single Cell Testing 
Stable performance demonstrated at elevated temperature  

with low Pt loading materials (0.2 mg-Pt/cm2) 

Tcell= 90 oC, An 53% RH, Ca 75% RH, Press 2.4 bara 
SCOF cell, JM MEA28: 0.05 mg Pt/cm2 An, 0.15 mg Pt/cm2 Ca, GDL: SGL 25BC 

Stable performance 
achieved at 90°

 
C with 

low Pt loading materials  



10 

Stack Testing 
Stable performance at elevated temperature 

on full format, 64 cell stack using a cathode humidifier. 

Current Density = 2.20 A/cm2, Inlet Pressure = 1.40 barg 
Anode Stoich = 2.00, Anode RH = 50% 

System simulation 
testing confirms 
stability at high 
temperatures 



Model Roadmap 

 Single phase model generation from PSU 2D channel/land model – Q2 2010 Completed 
 2D +1, counter flow reactants, compatible with multiple architectures 
 

 Initial validation with empirical Nuvera model – Q3 2010 Completed 
 

 Initial performance verification – Q4 2010 Completed 
 

 Multi-phase physics implementation – Q1 2011 Completed 
 Verification with empirical Nuvera model 
 Initial performance verification 
 

 Agglomerate electrode model implementation (LBNL) – Q1 2011 Completed 
 

 Tune model parameters and collect dataset – Q3 2011 Completed 
 

 Model Validation: Demonstrate predictive capability – Q4 2011 Completed 
 

 Additional Model Validation– Q3 2012 On Track 
 Validate:  High Temperature, Channel Land Architecture, Low Pt Loading 

 

 Model Publication – Q3 2012 On Track 
 

A model capable of predicting high current density operation in different 
architectures is the central deliverable of the program 

mg Pt/cm2 

J 
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m
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FC Modeling -- Approach 

2D+1 model reduces computational efforts 
• No parameters vary in Y direction inside control volume. 
• Species concentrations and T vary in Y direction along different control volumes. 
• 2D model (XZ) is inferred by variations along Y and uses a fine mesh to predict local 

conditions accurately. 
 

Porous Media 

x 

y 

z 

Channel/Land Flowfield Nuvera Open Flowfield 

Control 
Volume 

The physics of the quasi-3D, multi-architecture model is as similar as 
possible between channel/land and open flowfields. 



FC Modeling - Status 
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Model validation at high temperatures 

Model was successfully 
validated through a 

range of temperatures 

• Net water drag measurements 
were used for accurate water 
transport model validation 



Thermo-osmosis in the membrane is the mode of temperature-driven water transport.  
Water flux was proportional to temperature difference and increases with average membrane 
temperature with the direction from cold to hot side. 1 

 
                                                              where 

FC Modeling - Status 
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1. Kim, S.; Mench, M. M., Investigation of temperature-driven water transport in polymer electrolyte 
fuel cell: Thermo-osmosis in membranes. J Membrane Sci 2009, 328 (1-2), 113-120.  
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Model validation of channel/land architecture 

Model was 
successfully validated 
for the channel/land 
architecture at 90°C
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Materials Roadmap 
Material development aimed at reducing Pt loading and optimizing 

performance at high current densities is key to the success of the program 

Strategy 2010 2011 2012 

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 

Pt Reduction on Standard Electrodes 

New Electrode Structures  

Graded Pt Loading Electrodes 
Further reduction in Pt Loading 

Thinner Membranes 

Low Equivalent Weight Ionomer in Electrode 

Novel MEA Architectures 
Improved Resistivity Membranes 
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Materials Development Status 
Demonstrated 7.98 W/mg-Pt at 521 mV on a 4 Cell Orion Stack 

Tcell= 60 oC, An 50% RH, Ca 0% RH, Press ~1.1 to 2.4 bara 
MEA29 : JM MEA29, 0.025 mg Pt/cm2 An, 0.106 mg Pt/cm2 Ca  

GDL: SGL 25BC 

Exceeded program target of 
7.5 W/mg-Pt @ 500 mV 

Power Goal: 
7.5 W/mg-Pt 

0.13 mg-Pt/cm2 
Total Loading 
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Plan and Milestones - Approach 
The program is on schedule and the Go/No-Go milestone has been met  
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Future Work 
Single cell testing 
• Test new MEAs to support ongoing materials development  
• Perform parametric studies to support model tuning and validation  
 

Model development 
• Tune and validate model for: 

• High Temperature Operation 
• Channel/Land architectures 
• Low Pt Loading MEA 

• Publish Model and Dataset 
 

Material development 
• MEAs with improved resistivity will be produced and tested in 2012 
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• The AURORA program plans to achieve DOE cost targets by using a 
combination of high current density with low Pt loadings. 
• 7.5 W/mgPt => $15/kW 
 

• A model capable of predicting high current density operation in different 
architectures is the central deliverable of the program.   
• Model predictions have been used to drive materials development 
• Verification at high temperature is underway 

 

• Material development aimed at reducing Pt loading and optimizing 
performance at high current densities is key to the success of the 
program. 
• 7.98 W/mg-Pt was demonstrated on a full format 4 Cell Orion Stack 

 

• High temperature operation has been explored in both single cell and full 
format stack testing to address Q/∆Ti requirements 
• Stable operation up to 90°C was demonstrated on a 64 cell stack using a 

cathode humidifier. 

Summary 
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Technical Back-Up Slides 
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Single Cell Development 
Gasket contamination problem was identified and solved. 

• Zn contamination from the gasket 
caused excessive degradation. 

• Problem was solved by changing gasket 
material. 



FC Modeling - Status 
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Study to determine the dominant water transport mechanism. 

Since MPL is the most restrictive 
component for liquid water, the 
parametric study on MPL permeability is 
conducted to determine whether 
capillary flow is dominating. As 
observed, the order of magnitude 
change in MPL permeability has minimal 
impact on net water transport, therefore 
the capillary flow is considered 
insignificant compared to gas phase 
transport. 

The non-dimensional Peclet 
Number is used to measure the 
relative importance of convective 
to diffusive flow. Even though Pe 
increases with current density, it is 
orders of magnitude lower than 
unity, indicating convective flux is 
insignificant compared to diffusive 
flux. 

Diffusive flow was 
found to be the 

dominating water 
transport mechanism 

Net water balance is very 
sensitive to changes in water 
vapor diffusion coefficient, 
confirming the dominating role of 
diffusive flow in water transport in 
porous media. 



FC Modeling - Status 
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High temperature modeling approach  



FC Modeling - Status 
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High temperature model tuning and validation preliminary results 

Condition 1: Condition 2: Condition 3: 



FC Modeling - Status 
High temperature model tuning and validation preliminary results 

Condition 4: Condition 5: Discrepancies between the model and 
experimental data (HFR and performance) is 
believed to be caused by the ionic 
conductivity correlation.  Several common 
correlations have been tried but none of 
them are consistent with the experimental 
results. 
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