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Agenda

• Industrial Hydrogen Market Study 

• Home Hydrogen Electrolyzer Study

• Discussion
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H2 Market Study Project Objectives
Objectives
• Explore the near-term opportunity for serving hydrogen 

industrial markets via electrolysis systems and the 
opportunity for synergy between electricity providers and 
the hydrogen equipment providers. 

• Determine if there is an opportunity for electrolysis to 
compete in existing industrial hydrogen markets

• Quantify the benefits to energy companies and electrolyzer 
vendors. 

• Assess the current and emerging markets for hydrogen and 
help quantify the business case for electrolysis today and in 
the coming years.

• Detailed business case analysis were done for: Entergy, 
Xcel, and Southern Company
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Objectives and Scope, continued

• Provide utilities and electrolyzer vendors with insights on 
the market status for small hydrogen users

• Characterization of the current supply method, and the 
prospects for using electrolysis to meet their hydrogen 
needs.  

• The study focused on small hydrogen users (up to 0.5 
million SCF/day) that currently purchase delivered hydrogen 
or generate the hydrogen onsite.  

• Large users that generate their own hydrogen, like 
petroleum refineries, ammonia plants, and methanol 
producers will not be included in this market assessment.
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Captive hydrogen users produce their own hydrogen at the plant where it is 
consumed.  Merchant users consume hydrogen produced by other entities.  
U.S. Hydrogen consumption totaled 7.74 billion kg/year in 2003.
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The industrial market for hydrogen is about 300,000 kg/day and  could 
represent almost 6,000 million kWh of electric sales annually.                                
There are numerous business segments that consume hydrogen on a daily 
basis and purchase their supply rather than produce it themselves.



7 Copyright © 2008 Electric Power Research Institute,Inc  All rights reserved

utility customers from

these SIC codes were

targeted for the survey

and economic analysis  
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Current Product offerings
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Hydrogen End-users in NM
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Hydrogen End-Users in NY
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Hydrogen End-Users in Entergy Region
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Hydrogen End-Users in Southern Co Region
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Hydrogen End-Users in Xcel Energy Region
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Summary of Small End User Hydrogen Markets

• For the three utilities evaluated, if the entire hydrogen use 
were served by electrolyzers within their service area, it 
would require 20-30 MW of capacity to serve for each utility. 
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End-user Survey
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Factors to Consider when Investing in an 
Electrolyzer
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Economic Analysis of Electrolyzers in Three 
Utility Regions 
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Economic Analysis of Electrolyzers in Three 
Utility Regions
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H2A Model Results - Entergy
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H2A Model Sensitivity Results – Entergy
Tornado Sensitivity Chart for Metals Production Facility with 10 kg/day 
Electrolyzer
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Industrial Hydrogen Market Study - Summary
• EPRI Report: Hydrogen Market Assessment and 

Opportunities for Electrolyzer Based Services (Report 
1016244) Published

• Existing electrolyzers are competitive with current 
hydrogen supply options in most industrial market 
segment, and can produce hydrogen in the $3.6 to $4.8 
per kilogram range when larger electrolyzers are 
employed.

• In many cases, hydrogen customers are paying several 
times what it would cost to produce hydrogen onsite by 
electrolysis.

• For larger hydrogen customers ( 1,000 kg/day) 
electrolyzers, specific utility rate structures, such as time-
of-use or interruptible rates, could greatly improve the 
economic case for electrolysis.

• Report includes an analysis of the business case for 
electrolysis in each energy company territory, and 
provides the data needed to approach different types of 
hydrogen customers.
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Industrial Hydrogen Market Study -
Summary

• Utilities rates could be used to 
generate hydrogen at costs 
within the range of market 
comparison prices – see Figure

• In particular, the cost of 
generating hydrogen was below 
the market comparison price 
when used with a10 kg/day 
electrolyzer 

• For the 100 kg/day and 1,000 
kg/day applications, the hydrogen 
produced  was above the market 
comparison price at that volume 
but was within the overall range 
of market comparison prices. 
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Reduction in Capital Cost or Electricity Cost Necessary to 
Approach Market Comparison Prices, for 100 kg/day 
Electrolyzer
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Reduction in Capital Cost or Electricity Cost 
Necessary to Approach Market Comparison Prices, 
for 1000 kg/day Electrolyzer
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Home Electrolyzer Technology Assessment
An EPRI Technology Innovation Funded Project

• The objectives of this project were to:

• Demonstrate Proof-of-Concept by successfully operating its 
unique PEM IFF Electrolyzer/Hydrogen Generator. 

• Develop a specific electrolyzer system design and assess 
the technical and economic feasibility for a home 
automotive refueling (HHR appliance) sized to support the 
operation of a single passenger car.  

• Develop an R&D action plan for the next steps.
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Assessment of the IFF concept

Results and Findings:

• Experimental: The advanced IFF Electrolyzer/Hydrogen 
Generator cell outperformed a conventional electrolyzer 
cell, in efficiency of hydrogen production as well as stability 
of operation. 

• Long-term stable and efficient cell operation did not require 
water circulation or phase separators, proving viability under 
passive operating conditions.  

• Passive operation is enabled by the unique IFF design that 
transports and separates water and gases inside each cell 
through its fundamental properties.
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R&D

• The task was to develop an oxidation-resistant porous IFF material which has a 
structure similar to the existing porous carbon IFF material.  Subtasks included (1) 
identifying material candidates and suppliers, (2) screening the candidate materials 
based upon (2a) potential to meet the electrolyzer IFF porous structure requirements, 
(2b) meeting the IFF material oxidation-resistance requirements, (2c) meeting contract 
delivery requirements, and (2d) meeting contract cost requirements, (3) conducting 
hydrophobic and hydrophilic treatment and evaluations, and (4) conducting electrical 
conductivity/contact resistance evaluations.   Candidate materials were selected from 
existing materials, such as titanium (Ti) or stainless steel (SS) screens, meshes, 
perforated sheets, and porous forms.  In addition, the new non-woven metal sheet 
materials (which have structures similar to the existing carbon-based IFF structures) 
were also investigated.

• Candidate materials were screened based upon their potential to meet the IFF porous 
structure requirements.  Three materials were selected for experimental testing: (1) 
Sponge-like Titanium (SLTi); (2) Sponge-like Stainless Steel (SLSS); and (3) Non-
woven stainless steel (NWSS).

• The primary criterion and test results were as follows
• Electrical conductivity under pressure. All three candidate IFF non-carbon materials 

were good (as reflected by their lower resistances than carbon paper, which had been 
successfully used in ElectroChem’s IFF Fuel Cell

• Electrical conductivity after Teflon treatment. All three candidate IFF non-carbon 
materials were good. 

• Corrosion resistance.  Both the Sponge-like Ti and the Sponge-like SS corroded during 
the experiments.  This may reflect the reactions of impurities in these particular 
materials and not that of pure Ti and SS.
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Comparison of the cell performance for the conventional flow field 
with and without water circulation.  In addition, testing was done in 
which the water level within the cell was varied by altering the 
reservoir height.
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Comparison of the cell performance for the non-woven 
stainless steel IFF with and without water circulation.  
Additional testing with variations in reservoir height showed 
no differences.
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Comparisons of cell current fluctuations with different cell types and 
operating conditions.  The static IFF cell clearly has superior stability 
over any other case, even the conventional cell with forced 
circulation.  Even the circulated IFF cell has better cell stability.

The IFF cell without water circulation has the best stability of any of these test cases. 
The conventional cell is clearly very sensitive to water flow and variations in water level. 
While the IFF cell seems to have a modest hydrogen output gain by water circulation 
water circulation actually seems to marginally reduce its stability.  
This implies that the IFF still allows forced water circulation, but is clearly designed
for the greatest stability in passive operation.



39 Copyright © 2008 Electric Power Research Institute,Inc  All rights reserved

Conclusions from Part I R&D

• The Integrated Flow Field design works well in the electrolyzer mode. 
• As a water electrolyzer, it is capable of generating hydrogen gas 

continuously and in a very stable manner.
• The IFF electrolyzer generates hydrogen at a considerably higher rate 

than does a conventional water electrolyzer.
• The IFF electrolyzer is capable of the stable generation of hydrogen in a 

passive mode; conventional electrolyzers do not demonstrate this 
capability.

• Porous non-woven SS has the necessary oxidation-resistance and 
conductivity requirements for the oxygen-side IFF.  It does not 
deteriorate when used at the high electrolyzer voltages.

• Although currently available Sponge-like Ti and Sponge-like SS exhibit 
attractive conductivity behavior, they can not be considered for use as 
IFF materials at present because they also contain impurities which 
quickly corrode.  However, Ti has been successfully used in 
electrolyzers for many years.  Therefore, Sponge-like Ti and SS 
materials that don’t contain corrodible impurities should be sought for 
possible application in the IFF Electrolyzer/Hydrogen Generator. 
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Part II  Assessment of a Home

Vision: Fuel Cell is a Range Extender APU 

in an advanced PHEV
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Home Electrolyzer Technology Assessment
An EPRI Technology Innovation Funded Project

• System Design and Lay out 
developed

• 1 kg/day system sized for 
advanced PHEV hybrid
– Operates 8 hr/day
– 2’ x 2’ x 2’
– 35 mi commute
– 6.3 kW
– 240 v AC
– No H2 Storage
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Estimation of Capital Costs
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Home Electrolyzer Technology Assessment

Results

• The  IFF Electrolyzer cell  outperformed the Conventional 
Electrolyzer in terms of generation of hydrogen gas and 
stability.  

• Manufactured cost estimates range from $ 7600 to $ 2500 
depending on volume production

• Additional Cost Assessments needed after 1st Prototype is 
designed and tested.

• At  3.5 cents per kWh; H2 production estimates ranged from      
$ 4 to $ 8 / per  kg depending on volume production.

• EPRI TI Report to be published in May 2008



49 Copyright © 2008 Electric Power Research Institute,Inc  All rights reserved

Summary and Recommendations

• The system simplifications allowed by this innovation enable the design of a small, 
efficient and low cost HHR appliance, targeting hydrogen vehicle refueling at home 
with off-peak electricity.

• The baseline technology is in the early stage of development and needs to be 
scaled-up.

• Research and development funds to produce a prototype HHR system are 
required.

• The major elements of the follow-on development work would be:
• Communicate the findings from this work to industry strategic partners and 

stakeholders.
• Development of Integrated Flow Field multi-cell stack hydrogen generator 

subsystem;
• Carry out performance and durability tests of the stack.
• Design, development, and construction of a full HHR Appliance Prototype; and
• Testing and evaluation of the appliance.  
• The estimated development costs are $2 million over a two year period to advance 

the current technology to a 1 kg/day fully integrated prototype system.
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Thanks!

• Visit www.epri.com for more information
– More information on these topics is available from EPRI in 

the following reports:
• Hydrogen Market Assessment and Opportunities for 

Electrolyzer Based Services. EPRI, Palo Alto, CA: 2007. 
1016244.

• Feasibility of Hydrogen Home Refueling Systems for Plug-in 
Hybrid Vehicle Applications, EPRI, Palo Alto, CA: 
2008 1016169

• Please direct questions and inquiries to 
Dan Rastler
Technical Leader, Energy Storage and Distributed Generation 
Program
Electric Power Research Institute
drastler@epri.com

http://www.epri.com/
mailto:drastler@epri.com
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