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National Renewable Energy Laboratory 

Only national laboratory dedicated to renewable energy 

and energy efficiency R&D 

Research integrates range of solutions from fundamental 

science through technology deployment  

Collaboration with industry and university partners is a 

hallmark 

Research is market relevant 
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Why Hydrogen? 

U.S. Dependence on Imported Oil 



National Renewable 

Energy Laboratory                                                                                                                            

ÅDiverse Domestic Resources ÅHigh Efficiency & Reliability ÅZero / Near-zero Emissions 



          NATIONAL RENEWABLE ENERGY LABORATORY  

NREL Hydrogen Technology Thrusts 

Hydrogen production  
 

Hydrogen delivery 
 

Hydrogen storage 
 

Fuel cell manufacturing 
 
Fuel cells 
 
Technology validation 
 

Safety, codes, & standards 
 
Analysis 
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H2 Production: Photoelectrochemical  

Photoelectrochemical 
materials are 
specialized 
semiconductors that  
use energy from 
sunlight to dissociate 
water molecules into 
hydrogen and oxygen.  

NRELôs work  
involves identifying  
and developing  
durable and efficient 
photoelectrochemical 
materials, devices,  
and systems. 
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H2 Production: Photobiological  

 
Hydrogen is produced 
from water using sunlight 
and specialized 
microorganisms such as 
green algae and 
cyanobacteria. These 
microorganisms consume 
water and photoproduce 
hydrogen as a byproduct 
of their natural metabolic 
processes. 

NREL is engineering 
organisms that can 
sustain hydrogen 
production in the presence 
of oxygen. 
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H2 Production: Fermentation  

 

Fermentation 
technologies are used 
to convert renewable 
biomass resources 
such as corn stover, 
sugarcane residue, 
and switch grass into 
hydrogen. 
 
NREL is investigating 
direct fermentation of 
cellulose and 
hemicellulose as 
feedstock for hydrogen 
production. 
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H2 Production: Biomass Pyrolysis 

Biomass pyrolysis 

produces a liquid 

productðbio-oilðwhich 

contains a wide spectrum 

of components that can 

be efficiently produced, 

stored, and shipped to a 

site for renewable 

hydrogen production.  

NREL is investigating the 

low-temperature, partial 

oxidation, and catalytic 

reforming of bio-oil to 

produce hydrogen.   
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H2 Production: Biomass Gasification 

Biomass is converted 

into syngasða 

gaseous mixture of 

CO, hydrogen, and 

other compoundsðby 

applying heat in the 

presence of steam 

and oxygen. 

NREL is investigating 

gasification yields, 

gas compositions, and 

contaminant removal 

for centralized 

hydrogen production.   
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H2 for Renewable Electric Storage 

Understanding gained from demo project is 

being used to do financial analyses. 
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Cost of Hydrogen-based Electricity Storage  
(3.8¢ per kWh electricity input cost) 

Financial viability takes a heavy hit from the capital 

costs of the electrolysis and fuel cell units. 
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Best use of H2 is in Fuel Cells 

Fuel cells use hydrogen  
(or hydrogen-rich fuel) 
and oxygen or air to 
create electricity by an 
electrochemical process.   

NRELôs work involves  
improving the cost, 
performance, and 
durability of proton 
exchange membrane 
fuel cells, with a focus 
on low-cost catalyst 
development.  


