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University of California, Irvine
Home to the National Fuel Cell Research Center
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Zenyuk Group Introduction 
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Fundamentals
Heat transfer

Mass transport

Porous media

Reaction kinetics 

Electrokinetics at interfaces

Fuel cells
Polymer electrolyte 

Alkaline 

Batteries
Solid polymer 

electrolyte

Electrolyzers
Oxygen evolution on 

anode

Catalysts distribution

Cement  
CAREER

• 7 Ph.D. students, 2 postdocs, 5 undergraduate
• 50 % fundamental and 50 % applied

Electrochemical characterization
Materials, set-up manufacturing

X-ray CT and other imaging
Multi-physics modeling 



H2 Economy: Definition

Definition of Hydrogen Society
(by Okazaki in 2016, plenary lecture at AIST)

A society where hydrogen is used as 
a secondary energy accounts for 
over 20 % of all energy consumption 
including the industrial applications, 
and hydrogen quantitatively and 
sufficiently contributes to energy 
security and carbon neutrality. 

DOE website
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H2 Economy: Motivation

Hydrogen is a unique energy carrier with applications across sectors
Buildings: 
• 47 % of US homes use natural gas space heating. 
• Replacing or blending natural gas with low-carbon H2 lower GHG emissions 

without need for new infrastructure
Transportation: 
• Transportation 1/3 of CO2 emissions in the US 
• Fuel cell electric vehicles have larger on-board energy storage capacity 

compared to BEV; refuel quickly, zero-emissions, 
Industrial processes: 
• Industry 20 % of carbon emissions in the US 
• Hydrogen as feedstock for steelmaking, chemical production, refining, heating 

source to replace fossil fuels 
Back-up power or off-grid power:
• Back-up power for data centers, hospitals, military bases; fast ramp-up and 

ramp-down capabilities
Power systems: 
• Support deployment of variable renewables on the grid; electrolyzers can 

match variable and intermittent supply of wind and solar 
• Hydrogen can be converted back to power via fuel cells 

2030        2050
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H2 Characteristics

(1) Davis, S. J.; Lewis, N. S.; Shaner, M.; Aggarwal, S.; Arent, D.; Azevedo, I. L.; Benson, S. M.; Bradley, T.; Brouwer, J.; Chiang, Y.-M. Net-Zero Emissions Energy Systems. Science 
(80-. ). 2018, 360 (6396).

(2)

• 99 % of US hydrogen is produced from fossil fuels, with 95 % from 
steam methane reforming

• 1 % is produced from electrolysis
• US produces more than 10 million metric tons (MMT) of hydrogen 

Hydrogen Strategy, Enabling a Low-Carbon Economy, Office of Fossil Energy, United States Department of Energy, 2020
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H2 Supply Chain
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H2 Economy: 2020 Mainstream
Europe, US and Asia investment

• 7 billion euros + 2 billion for 

international partnerships

• 7 % of total budget for economic 

recovery after COVID-19 

• 5 GW (2030), 10 GW (2040)

• Now to 2024 installation of at least 6 GW 

of clean hydrogen electrolyzers in the EU

• Production of up to one million tonnes of 

renewable hydrogen.

World’s first national strategy: Japan

~$80 billion 

China: ~$34 billion (2017-2018) 

$30+Billion/7 years
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November 11, 2020 

The US News on Hydrogen
Featuring UC Irvine H2 initiatives

UC Irvine H2 refueling station on UCI campus
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NFCRC: H2 Hub of SoCal
In the heart of the UC Irvine campus

Mission: To Facilitate and to Accelerate the Development and Deployment of 
Advanced Power and Energy Systems

Jack Brower, Director NFCRC

Iryna Zenyuk, Associate Director

Hydrogen Fueling Station 

FC Bus on UCI Campus

Electrolyzer



• Refuels in minutes 
• ~360 miles in driving range
• > 6gPGM/vehicle 

Transforming Transportation
Fuel cell electric vehicles and targets

• Vehicles integration problems resolved 
(packaging, safety and cold start) 

• System costs are still high compared to 
internal combustion engine 

• Pt metal cost will not benefit from 
economy of scale – need to reduce Pt 
loading

Source: 2017 Annual Merit Review and Peer Evaluation Meeting
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