
Executive Summary 

This report summarizes the progress made in Phase I of Stuart’s Personal Fueling 
Appliance Program. Phase I concluded in March 2002 with the demonstration and 
deployment of several working models. As proposed in the original project plan, 
working models of the PFA were built to prove feasibility and technically market the 
concept. Future follow up phases of the project, Phase II and Ill, will take the concept 
through prototyping development to pre-production of commercially viable product. 

Technical Development: 

The Phase I program successfully demonstrated a home fueling system capable of 
running on a household circuit, 220V / 40 Amp / single phase or equivalent. Connected 
to a source of “drinking water” the system has all the functions necessary to convert 
water and electricity to high-pressure hydrogen fuel. Pressures of up to 3600 psig were 
achieved on demonstration systems and higher pressures up to 5000 psig were 
achieved in the lab. The development program spanned building 3 series of prototypes: 
White Box (1 unit built 1998), PFA Series 100 (4 units built 1999-2000), and Series 200 
(6 units built 2000-02). Advances in controls and process learned in the PFA program 
have been embodied in Stuart’s larger fuel appliances. (3) 
“Changing the Way People Think About Hydrogen”: 

The units have been widely demonstrated around the world including Canada (Toronto, 
Ottawa, Montreal, Quebec City and Vancouver), the United States (Washington, Los 
Angeles, San Francisco, Sacramento, Fort Worth, Miami), the United Kingdom, 
Germany and China (Bejing and Hong Kong). In addition one unit has been leased to 
Ford Motor Company under a Joint Evaluation Agreement. These units have been 
significant influencers in the hydrogen and fuel cell community, teaching the general 
public about hydrogen as a fuel and that hydrogen could be supplied by a home 
appliance. More importantly the demonstrations provided a valuable education 
experience to fire authorities, (at each demonstration site authorization was needed), as 
well as providing valuable precedents for the development of codes and standards and 
hydrogen project risk assessment. 

Next Steps: 

In terms of commercial potential, Stuart is not pursuing further commercialization of this 
system because of the current state of hydrogen vehicle market development, only a 
handful of systems would be sold; and the high Gust uf buildiriy tlie units aiid pruvidiiiy 
the proper level of product support. Commercialization of the PFA will occur in later 
phases of the program. Because of the delay in introduction of hydrogen vehicles, less 

Confidential 0 Stuart Energy Systems 2002 Page 1 of 2 



than 500 vehicles are expected by 2008 (see attached industry time-line estimate from 
The California Fuel Cell Partnership and US DOE), the relative low efficiency of these 
vehicles and the expected concentration of vehicles in small fleets, a slightly larger unit, 
two to five times the size, is seen to have greater market relevance. The current small- 
fueler development roadmap of Stuart is focused on commercial development of such a 
unit, which has been called the Small Commercial Fueler (SCF), while Phase I I  and I l l  
of PFA program are planned for 2005 with expected commercial release of the Stuart 
PFA in 2010. The SCF being about the same size as the PFA can adopt and extend the 
component technologies developed in the PFA program so that when Phase I I  PFA is 
started it will benefit from these developments. 
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Transportation and Infrastructure Tirneline to Obtain Commercialization Information 

2000 2004 2008 

Vehicles objective 

Sites 

Nurrber of Vehicles 

infrastructure 
Objective 

Hydrogen Source 

Number of Stations 

Go/No Go 
Decision Points 

2001 Laboratorv Status 
Fuel Cell Cost = 

$325/kW @ high volume, 
Durzbility = 11300 hrs, 

Hkdrogen Cost = 
$4.53/gallon gasoline 
equivalent (untaxed) 

201 2 

Decision Criteria: Decision Criteria: 
Phase 1 vehicles 
achieve 1000 hrs 
durability, $325/kW cost 
(projection based on 
500,000 units 500,000 units 
production). production) & hydrogen 
R&D results project 
2500 hrs durability, 
$1 25/kW, $3.00/gallon 
gasoline equivalent $45/kW, $2.10/gaIlon 
(untaxed), and 145 g/mi 
greenhouse gases 

Phase 2 vehicles 
achieve 2500 hrs 
durability, $125/kW cost 
(projection based on 

at $3.00/gal Ion. 
R&D results project 
5000 hrs durability, 

gasoline equivalent 
(untaxed), and 130 g/mi 
greenhouse gases 

Commercialization 
Phase monstrations 

Sufficient stations to p 
consumer convenie 

Most cost effective sources 

Investment to establish 
manufacturing plants and 

saleslservice 

Investment for 
25-50% of all stations H2 

capable 

Decision Criteria: 
Based on capability to 
achieve 5000 hrs 
durability, $45/kW cost 
(500,000 units), 
$2.1 Olgallon gasoline 
equivalent (untaxed), 
130 g/mi greenhouse 
gases and 
other market factors. 
The decision to enter a 
commercialization 
phase will be made by 
industw. 

>I 1 R&D Continues Concurrently to address key cost and performance barriers 


