
  

 

 

    
   

 
         

 
 
 

 
 

 

 
 

     
   

   
   

 
  

 
 

 
 

 

  
     

 
 

 
 

 
 

 

  
 

    
  

  

  
         

  
       

     

   
   

 
 
 

 

  
 

 

 
 

  

  
 

 

 
    

 
 
 
 

 
 

 
 
 
 

 

 
        

  

   
   
     

   
   

   

 
    

 
 

   
 

        
 

 
 

 
  

   
 

 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 
 
 
 
 

 
 
 
 

 

 
 

 
 

 
 

 

 
 

 
 

 

 
         

 
 

 
 

 

 
 

 

 
 

 
 

  
  

  

                    
      

 
 
 

 
 
 

 
      

 
  

   
  

 
 
 

 
      

 
 

 
 

 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 

 
 

 
 

 

 
 
 
 

 

 
 
 
 

 
 
 
 
 

 

 
 

 
 
 

 
 

 
 
 
 

 

 
 
 
 

 

 
 
 

 

 
 
 

    

 

     
 

 
  

  

            
 

 

 

 

 
 

  
 
 

  

 

 

 

 

 
 

 
 

 
 

 

  

  

   

   
  
  
    

     
     

     
     
     

 
 

 
 

 

  
  

  

Advanced Catalyst and Engineered Catalyst Supports 
for Fuel Cells & Electrolyzers 
 Precious Metal Free Regenerative 

Hydrogen Electrode 
(ARPA-E DE-AR0000688) 

Barr Zulevi, Pajarito Powder 
Kathy Ayers, Proton Onsite 
Sanjeev Mukerjee, Northeastern University 
Madeleine Odgaard, EWII (Formerly IRD) 
Plamen Atanassov, University of New Mexico 

Vision 
• Develop precious metal free

fuel cell and electrolyzer
catalysts for low cost energy
storage

Impact 
• Enable low cost precious metal

free fuel cells and electrolyzers
for transportation, backup-
power, and renewables grid-
level energy storage 

Regenerative Fuel Cell/Electrolyzer 

Innovation 
•Elimination of platinum group metals through use
of anion exchange membrane technology for fuel
cells and electrolyzer
•Focus on the bifunctional hydrogen electrode as
the critical remaining enabler to low cost materials

Targets Task outline 

Tech-to-Market strategy 
Short-term: high-value, fault tolerant electrolyzers, 
electrodes and catalysts for specialty markets. 
Long-term: reversible fuel cell and components for 
renewable storage. 

Fed. funding: $2.8M 

Length 36 mo. 

BusDev Asia 

Scientist 

Pajarito Powder, LLC: The Team, Customer Engagement & Why We Exist 
Team, Board, and Advisory Team Pajarito Powder Differentiation 

•Customer responsive
Strong Customer Engagement Products 

• Fuel Cell and Electrolyzer catalysts
Stack Component Costs 

5% 5% 

CEO & Chairman Board Member 
Director of Senior Director 

of BusDev 

• “Right” scale development and
manufacturing

• Modular, flexible, manufacturing platform
• Concentration on the low-cost under-

engineered component, not the expensive

• Catalyst is the single most expensive
component in a fuel cell stack (30%+ of total 
stack cost) 

• Pajarito Powder products achieve 60% of
needed cost reduction (~10$kW savings) 

• Current Products
• Engineered Catalyst Support (ECS)

8% 

45% 

27% 

10% 

CTO & President 
Chief Catalyst 

Manager 
Technical 

Advisory Board 

commodity
• Patents, trade-secrets, and know-how • Working with automotive OEMs

• Product sales accelerating

• Pt/ECS Catalysts
• Precious-Metal-Free (PMF)Catalysts
• Electrolyzer Catalysts (In Development)

Bipolar plates Membranes 
Catalyst & Application GDE 
MEA Frames/Gaskets Balance of Stack 

Dr. Barr 
Zulevi 

Webb 
Johnson 

Dr. J. Byron 
McCormick 

Thomas J. 
Stephenson 

Dr. Alia 
Lubers 

Dr. Alexey 
Serov 

Dr. Saburo 
Hori 

Fuel Cell Industry Forecast (billions $USD) 60,000 

50,000 

40,000 

30,000 

20,000 

10,000 

0 

FC Vehicle & Truck Offering Accelerating Fuel Cell Forklifts, CHP and Stationary 

Grid Applications for FC Using Renewables Green Ammonia and Hydrogen for Turbines 

Catalyst = 1/3 of system cost 
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2015 2020 2025 2030 
Back-Up/Portable 82 235 838 1,694 
Lift Truck 68 340 456 670 
CHP 442 1,708 3,085 3,575 
FCEV 49 2,702 10,745 47,500 

Pajarito Product Development Roadmap FC Power 
density 
1 

FC Modularity 
Low 

Temp 
PEM 

DLF / Air 

H2/Air 

FC Maturity 

0.8 
0.6 
0.4 
0.2 

0 

FC Relative 

FC Cost of 
materials 

FC Operation 
flexibility 

Low 
Temp 
AEM 

DLF / Air 

H2/Air 

Precious Metal on ECS 
Cathode 

Precious Metal 

BOP 
PEM Alkaline AEM PAFC MCFC SOFC 

EC Power 
density 
1 

0.8 

Cathode Precious Metal 

EC Modularity 

EC Maturity 

0.6 
0.4 
0.2 

0 

EC Relative BOP 

EC Cost of 
materials 

EC Operation 
flexibility 

Anode Precious Metal on ECS 

PM/Carbon-free 

PEM Alkaline AEM SOFC 

2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 

Precious Metal Free 

Precious Metal on ECS 

PEM EC 

AEM EC 

AEM FC 

PEM FC 

Precious Metal 

High 
Temp 
PEM 

H2/Air 

DLF / Air 

Precious Metal 
Anode 

PM/Carbon-free 

Fuel Cell (FC) 

Electrolyzer (EC) 

Market: Forecast Growth & Products
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