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Final Report
Introduction
This project was undertaken by the Houston Advanced Research Center (HARC) to
develop a program concept for the Center for Fuel Cell Research and Applications
(CFCRA). This project was supported by the Department of Energy under project DEFC36-98GO1036-A000.
As a result of the support provided by the Department of Energy, the staff of the Houston
Advanced Research Center was able to accomplish a number of tasks leading to the
development of the CFCRA. Principal among these were the following:
•

Development of a concept for an industry driven center that provides needed
information regarding the operational characteristics and applications of state of the
art commercial and pre-commercial PEM fuel cell systems.

•

Development of a concept white paper and educational overheads on the CFCRA

•

Visits to and interviews with most US manufacturers of PEM fuel Cells

•

Interviews and discussions with more than 20 US companies representing a range of
industry sectors, including Utilities, Airlines, Municipalities, Power Marketing,
Retailing, Energy, Financial, and others including local, state and Federal
governments A full list of meeting contacts is presented in Appendix A

•

Development of a planning rationale for the creation of the CFCRA covering
construction, safety, instrumentation, and many other aspects.

•

Development of educational information for Industry representatives.

•

Development of a document for NASA JSC to provide HARC access to NASA
technology and fuel cell expertise.

In this report the activities conducted under agreement will be presented. In many cases
thevfull substance of the items described below are presented in the attached appendices.
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Designing the Program Concept
During the period of performance HARC was able to arrange and conduct visitations to
several fuel cell developers and manufacturers. These included Plug Power in Latham,
New York; IFC/ONSI in South Windsor Connecticut; Energy Partners in West Palm
Beech, Florida and Ballard in Vancouver B.C. HARC was also able to visit with a
number of other manufacturers and suppliers by telephone and at conference meetings
including Avista Labs, H Power Corp, Shatz Labs and others. A full list of meetings and
contacts developed for this project is presented in Appendix B.
Based upon the above meetings and discussions HARC was able to develop a center
concept that provides the essential features needed to allow fuel cell users and system
developers to assess the potential for various applications. The basic concept developed is
outlined below. Copies of the concept white paper and the overhead presentation are
presented in Appendix C and D.

The Center for Fuel Cell Research and Applications
Core Program Overview

Concent:
•
•
•

Core project:
Industry driven fuel cell applications program operated by HARC
Driven by six (6) diverse industries
Evaluate performance of the most current technologies as part of real systems

Ancillary projects:
■ Focused projects outside the core program

•

Cost:
Core project
$7.2 million total cost for core program

HARC:
■ Provides market-driven technology leadership through expertise in critical and
focused scientific disciplines
■ Offers shared technology resources
■ Offers strategic alliances with business, educational and governmental institutions
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•
•
•
•

•
•
•
•
•
•
•
•

501 c 3 nonprofit research and technology organization
15 years experience in managing collaborative research programs
Neutral and non-competitive
Provides technical staff, business staff and intellectual property management

Objectives:
Analyze PEM and other fuel cell technology applications in stationary, mobile and
distributed settings
Evaluate and verify fuel cell system's emissions
Research environmental and safety aspects
Establish power quality, reliability and operational characteristics
Acquire "hands on" maintenance experience with technology
Evaluate performance of different fuels: H2, CH4, methanol,
Analyze siting, installation, monitoring, and maintenance for units
Establish a university linked fellowship program.

Core Program
1-10KW Fuel cells:
■ Integrated fuel cell systems in distributed applications
■ Develop strategies for peak and dynamic loads
Large Stationary Fuel Cell:
■ Demonstrate feasibility of Emission Reduction Credits
■ Research benefits of integrated heat recovery
■ Integrated fuel cell systems in a commercial setting
•
•
•
•
•
•
•
•
•

Key Benefits to Industry:
Access to critical evaluation of commercial and pre-commercial fuel cell and related
technologies
Shared costs and risks
Consortia synergism
Applications focus
Experienced research and management
Offering tax advantages, shared, integrated labs and test bed facilities
Access to trained staff and students
Opportunity to influence manufacturers of PEM technology
Opportunity for future pricing
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After a concept/educational white paper was prepared, HARC began to meet with various
industry fuel cell end users and system integrators to determine the specific areas of need
and preferable ways to organize the center. In this process HARC was also able to meet
with energy companies to determine their interests in fuels. Based upon these meetings
two mechanisms were developed to involve industry.
In addition to the concept paper, and overhead presentation materials, an educational
paper describing the motivation for fuel cells and their potential roles in various
industries was created. This paper was used to communicate with businesses and
industry and to provide them background for evaluating their own needs in the
marketplace. This paper is attached in Appendix E.

Designing the facility
The HARC campus is comprised of approximately 15 acres that house two buildings.
There is adequate space with in building two to house the personnel associated with the
project including the industry representatives. It has been determined that the amount of
space needed for the core project does not warrant a new building on the HARC campus.
Instead the test beds for the smaller units will be located within the high bay area of
building 2.
The larger stationary units will be housed outside in an area close to building 2. In this
way they can be observed in ambient conditions. These larger units require power, water,
electricity and other utilities. In addition, these units should be electrically connected to
the power load at HARC and with the grid.
HARC is in discussions with Energy Partners for overall assistance on these issues and
other issues relating to test bed development, monitoring and instrumentation. HARC
will also retain the services of individual fuel cell providers to make sure that their fuel
cells are properly sited and instrumented.
HARC is currently developing a detailed planning document addressing safety,
scheduling, instrumentation, siting, emissions monitoring, construction and many other
issues. This planning document will allow HARC to anticipate and plan for a rapid build
up at the official project go ahead.
HARC visited the NASA JSC fuel cell facilities in August of 1998. In reviewing their
expertise in operating fuel cells it was decided that HARC and its proposed fuel cell
center should work to develop a long-term relationship. To that end a series of
discussions have occurred and a draft MOU have been developed.
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This document provides for close cooperation between HARC and NASA JSC.
Specifically it permits HARC to draw upon their expertise and equipment and for NASA
JSC to draw upon HARC's testing and experience with the newer PEM fuel cells. It will
provide HARC a resource to evaluate facilities design, as well as safety and
instrumentation concerns. The text of the draft document is presented in Appendix F.
Determining Center Budget
The Budget for this project has been determinedfromthe many meetings and discussions
with PEM fuel cell vendors and industry representatives. It has been determined that the
cost of the facility and equipment, including the test-beds, four 1-lOkW PEM fuel cell
systems, one 250kW PEM fuel cell system, all necessary personnel and operations of the
facility will not exceed $408,000.00 per industry representative per year for a total cost
not to exceed $7.2 million total project cost.
Emission Reduction Credits
The Center is currently working with Sterling Consulting Group to establish HARC as a
neutral location to "bank" emission information for credit trading purposes. The Sterling
Consulting Group is a management-consulting group representing most of the major oil
and gas companies as well as many of the big privately held utilities. The concept would
include HARC being the repository of emission information and the Sterling Group
taking the information and "marketing" the trading of that information. The Center is
currently working with Region 6 of the Environmental Protection Agency to further
develop the concept.

In Conclusion
The Center for Fuel Cell Research and Applications has completed the conceptual design,
has begun contracting for the design of the facility, has determined all the costs for the
Center, and is working toward an emission reduction credit program.
Management has met with manufacturers of PEM fuel cells and is in various stages of
negotiations with four different manufacturers to provide fuel cell systems to the Center
beginning first quarter 1999.
Management has educated a variety of industry energy producers as well as potential
end-users of fuel cell technology. The Center has secured 2 out of the 6 industry
representatives needed to move forward with the concept of the core project for the
Center. Based on the current level of interest, it is anticipated that the additional industry
representatives will be identified and educated by the spring of 1999.
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Appendix list
•
•
•
•
•
•

Appendix A: List of Industry and Governmental Contacts
Appendix B: List of PEM Manufacturers/Meetings and Contacts
Appendix C: Concept/Educational White Paper for Center for Fuel Cell Research
and Applications
Appendix D: Copies of Educational Overhead Presentation
Appendix E: Fuel Cell Educational Paper
Appendix F: Draft agreement with NASA JSC
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APPENDIX A

Industry and Governmental Contacts
Environment Protection Agency
(Headquarters, Region 6,Region 9)

Texas Alternative Fuels Council

Canadian Consulate

W. Alton Jones Foundation

The Energy Foundation

Environment Now

North American Development Bank

Dynergy

Chevron

Disney Corporation

McDonalds

Texaco

PG&E

Lone Star Gas

Enron

NASA

American Airlines

Marriott Corporation

Southern Company

Fluor Daniel

Motorola

HEB Groceries

City of Houston

Wal-Mart

GSD&M advertising agency

City of Austin

Interconnect Towers

Dell Computers

Coca Cola

Dana Corporation

Los Angeles Department of Water and Power

Mississippi Valley Gas

Skytell

Los Angeles Entertainment
Development Corporation

Stewart and Stevenson

Entergy
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Appendix B
List of PEM manufacturers /meetings and contacts

1. July 13,1998. Enron International:
P O Box 1188
Houston, TX 77251-1188
713 646-8618
Tracy Reid.

Director of Renewable Energy, Former President of IFC

2. August 13,1998. Plug Power:
968 Albany Shaker Road,
Latham New York 12110.
Tel: 518 782 7700
John Cerveny:
Eric White:

Manager of Economic Development
Manager of Stack Development

3 August 14,1998. IFC/ONSI:
195 Governors Way.
South Windsor, Connecticut 06740
Tel: 860 727 2200
Douglas Wheat:
James Hawkins:

Marketing Manager
Manager National Accounts

4. October 10,1998. NASA JSC
NASA Road 1
Houston, Texas
Tel: 281483 9056
Bill Hoffman
Michael Le

NASA Engineer
NASA Engineer

5. October 12,1998. Energy Partners, Inc.:
1501 Northpoint Parkway, Suite 102,
West Palm Beach, Florida 33407
Tel: 561688 0500
Edward Trlica, President and CEO
Frano Barbir, Principal Research Engineer
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6. November 20,1998. Stewart and Stevenson, Inc
2707 North Loop West
Houston, Tx 77008
Tel: 713 868 7700
Robert Hargrave, President and CEO
Garth Bates, Senior Vice President
Don Wallin, VP for Business Development
T. Michael Andrews, VP
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CENTER FOR
FUEL CELL RESEARCH
AND APPLICATIONS
A 'Shared Research Laboratory 3 technology applications project
of the Houston Advanced Research Center
Executive Summary
Within the emerging energy landscape, several significant drivers are shaping and
accelerating the demand for distributed, low emission reliable power generation. Among
these:
•

The deregulation of the energy sector — specifically that of the electric power
industry;

•

A diversification of the service offerings of the industry as reflected by the
growing requirement for highly reliable and/or high quality power at less than
the 1MW level;

•

An increasing demand for distributed electric power in currently underserved
areas;

•

Current and anticipated government air quality mandates calling for dramatic
reductions in air pollution emissions in the short to mid-term; and,

•

A heightened concern for global climate change in an era of expanding global
industrialization.

These trends have resulted in a major increase in activity by government, electric companies,
automobile manufacturers and others to invest in research and development for both
stationary, portable and transportation fuel cell energy systems.
In response to this interest, the Houston Advanced Research Center (HARC) proposed the
creation of the Center for Fuel Cell Research and Applications (the Center) - which would
serve to conduct demonstration projects and applied research focused on promising fuel cell
technologies.
Initially, the Center's core program will focus on the applications of proton-exchangemembrane (PEM) fuel cells as the value of this technology within the energy industry
(stationary, transportation, and others) has been clearly identified. Future activities may, at
iit
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the direction of the industry participants, incorporate other types of fuel cells technologies as
they approach pre-commercialization. Through the Center, industry participants will be
provided access to a state-of-the-art laboratory, withfield-test,pre-commercial and/or
commercial-grade fuel cells as a means to complement and combine with their ongoing
research.

THE OPPORTUNITY

Results of the Center's applied research projects will aid in the advancement of fuel cell
applications and accelerate fuel cell commercialization by developing a framework and
criteria for determining the strategic fit of new technologies in the emerging deregulated
energy market. In addition, the project will provide industry participants with:
■ A technical basis for developing business strategies;
■ A venue for acquiring "hands-on" technical and operations and maintenance
experience;
■ Technical, operations and infrastructure development data;
■ Assessment/verification of total fuel cell system emissions;
■ An opportunity to participate in ongoing work/continuing studies,
demonstrations and technology verification projects related to fuel cell
applications;
■ E xclusive use of proprietary data generated in the Center; and
■ Selective sharing of non-competitive results with funding participants.
This program will provide an opportunity for participating companies to work through and
manage early operational issues while combining resources with other industry participants.
By aggregating efforts in this way, the center anticipates these synergies will make the
research more cost effective, help to spread the risk, allow for the leveraging of public funds
for research, and may provide tangible tax benefits to the participants. Along with the
technical and operational work anticipated at the Center, a key objective is the quantification
of emissions from the complete fuel cell system, and the resulting value for the energy
industry as it seeks ways to comply with clean air standards and benefit from the deployment
and operation of clean power generation technologies.
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HOW THE CENTER WILL WORK
As envisioned, the core program will be funded by up to six diverse industry participants.
Each industry participant will appoint a representative to serve on the Center's "Governing
Body". The Governing Body will also include the program director of the Center, the
technical director, and the Chief Operating Officer of The Houston Advanced Research
Center (HARC). The purpose of the Governing body is to set policies concerning the
direction and operations of the Center to meet each company's multiple business and
technology needs.
WHYHARC?

Created in 1982, HARC is a nonprofit university-linked research, development and service
institution addressing state-of-the-art technology and policy issues related to energy, the
environment, and the needs of society. HARC's participation will add value by drawing
upon its experience and technology leadership in:
■ Creating value out of strategic alliances with businesses as well as educational
and governmental institutions;
■ More than 15 years of public and private research [through a 501(c) 3 tax
status] in critical disciplines, including energy, the environment, and
sustainable development;
■ E xperience with intellectual property management and technology transfer,
including involvement of industry participants staff for on-site/"hands-on"
participation in any research;
■ Third-party, neutral and objective location ideal for industry-prompted
technology and business applications research;
■ E xisting relationships and ability to tap into the intellectual resources of its
network often collaborative universities;
■ Maintaining a knowledgeable, experienced staff in grant application/
management and contract research administration;
■ Offering tax-advantaged, shared, integrated laboratory and test bed facilities,
which reduce overall costs; and,
■ Offer existing associations with major corporations.
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COST TO PARTICIPATE

The estimated cost for the initial phase of the core program is approximately $7 million with
each industry participant contributing approximately $1.2 million ~ a cost that will be spread
over the three-year term of the core program. Funds for the core program will cover the
facility, administration of the project, purchase, installation and operation of the fuel cell
systems, monitoring, and information collection, analysis, and dissemination.
In addition to the core program, each industry participant may join, direct or sponsor
ancillary programs that study specific uses of fuel cells in specialized settings or in
specialized applications. These studies may involve a portion of the entire group or may
include outside participants. Costs for each ancillary project will be borne by the respective
participant and will be in addition to the core program.
FUTURE DIRECTION

During or after the completion of the core program, new corporations may wish to join the
program to pursue demonstration and application projects focusing on "next generation"
technology or new related ancillary studies. Any corporation wishing to join after the initial
program startup will be charged an entrance fee, plus a proportionate share of overhead and
project costs. These dollars will offset the equity contribution made by the founding
participants and finance ongoing research that will be available to all industry participants.
This program is believed to represent the first collaborative effort among energy companies
and fuel cell developers to generate practical operating data from PEM fuel cells in a variety
of applications. By providing industry participants with "hands-on" access to the current
state-of-the-art fuel cell technology, this project is expected to ease industry's transition from
a regulated marketplace and a purely central generation infrastructure to a deregulated market
and an emerging distributed generation paradigm.
Participants will gain invaluable real-world operating experience documenting the economic
feasibility of introducing power systems for meeting current and future low- emission and
high-efficiency standards. We know of no similar effort being assembled in the United States
among national energy companies and fuel cell developers that allows the U.S. energy
industry a business incubation opportunity such as this.
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THE CE?-'TER FOR FUEL CELL RESEARCH AND APPLICATIONS

INTRODUCTION
The deployment and operation of clean power generation is becoming critical as the energy
and transportation sectors seek ways to comply with clean air standards and the nation
deregulation of the utility industry. However, for strategic business decisions, considerable
analysis is required over the next few years to evaluate the appropriate application and value
added from this emerging technology.
To this end the Houston Advanced Research Center (HARC) is proposing a three-year,
industry-driven project that centers on the creation of 'The Center for Fuel Cell Research
and Applications." A collaborative laboratory housed at and managed by HARC, the Center
will enable a core group of six diverse participating companies - "industry participants" — to
investigate the economic and operational feasibility of proton-exchange-membrane (PEM)
fuel cells in a variety of applications (the 'core' project).
Industry participants, through representation on the "Governing Body" and in conjunction
with the HARC project management team, will define the scope of the applied research,
cooperatively implement projects, and share research results. While the initial focus will
concentrate on PEM fuel cells, future activities, in the form of special projects, may
incorporate other types of fuel cells technologies as well.
This document describes the unique benefits of a collaborative approach to PEM applied
research, among them a 'shared laboratory concept' leading to cost savings and shared risks
as well as access to outstanding research talent and lab facilities. It also describes the benefits
provided by implementing the project at HARC, with particular emphasis on HARC's history
of managing successful long-term research projects as well as its experience in dealing with
industry consortia projects.
The Center in also unique in that it will not duplicate the traditional university role of basic
research or that of the fuel cell industry in developing commercial products. Instead, the
Center will focus on applications, testing, and demonstration of fuel cell technology. It will
take the first of a kind commercial or pre-commercial PEM fuel cell stacks and determine
whether they can be used effectively in business situations thereby providing critical
information on cost effectiveness, power quality, power reliability, co-generation capabilities
and transportation issues, to name a few. The Center will also investigate practical
environmental aspects of fuel cells and reformers and the potential impact on air quality and
emissions reductions.
The remainder of this document presents the Center's objectives, project organizational
structure, project schedule and milestones, project costs, the HARC management
organization and project deliverables. Key personnel as well as background on HARC, its
research centers and collaborative institutions are also included.
l
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The Center for Fuel Cell Research and Applications
The Center for Fuel Cell Research and Applications (the Center) is a new research center at
HARC designed to conduct studies on PEM fuel cells and to test their applications in
energy and transportation-related disciplines. The Center will coordinate and tailor
activities in the application of PEM fuel cells to meet the multiple needs of the energy
industry. It seeks to provide key information to the energy industry to aid in the transition
to a hydrogen-based economy.
The Center will serve as a resource to industry — performing studies on the PEM fuel cell in
various operating environments. Industry participants will be invited to participate in
studies focusing on large- and small-scale applications for stationary use of fuel cells
technology. Initially, the Center will conduct its studies on one, 250kW PEM fuel cell, as
well as several smaller, low-powered fuel cells.
The Center will provide opportunities for basic and applied research and will foster
technical, intellectual andfinancialcollaboration among organizations and companies for
the purpose of advancing the integration of fuel cells into the energy mix. The Center will
be a platform for end-users of fuel cell technology to participate in demonstrations and
validation for a wide array of products. Demonstrations will include the integration of fuel
cells into the power grid, performance and reliability testing, power quality testing,
operations training, verification of emissions data, demonstration of the value of Emission
Reduction Credits, and the identification and potential resolution of problems associated
with fuel cell technology. Industry participants — companies choosing to participate in the
programs of the Center — will guide the program and have advance access to critical
information on the identification and management of early operational and maintenance
issues surrounding the technology.
The Center is also exploring, in conjunction with homebuilders in The Woodlands, Texas,
the option of incorporating one of the smaller fuel cells into a 2,000 square-foot single
family dwelling. The primary focus will be on reliability, emissions testing, power quality,
design modifications, installation issues, maintenance, and consumer acceptance in a
residential setting. Similar demonstrations within the automotive industry will be explored,
expanding to include the public transportation system located within the Woodlands.
The Center facility will consist of administrative office space and "high-bay" laboratory
space and will be designed so that experiments and demonstrations may be conducted either
on a group or proprietary basis. Participants will be provided with a furnished, secured
private office and will have access to common space.
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KEY

OBJECTIVES

Key objectives of the Center include the following:
> To analyze the operating characteristics of PEM and other fuel cell
technologies in stationary and mobile conditions in commercial, industrial and
residential settings.
> To perform research on the total fuel cell system's by-products and how they
can be integrated into the energy mix {i.e., heat, carbon dioxide).
> To analyze the operating characteristics of the total PEM cell system on a
variety of fuels.
> To perform research on the environmental and safety aspects of fuel cell
operations.
> To share program results with industry participants.
> To disseminate non-proprietary program information within the scientific
community.
> To establish a fellowship program for graduate student participation and
training in fuel cell technology.
> To capitalize on opportunities for industry participant's public relation
benefits.
INITIAL

PROJECTS

The core program will focus on the following:
Using <10kW fuel cells:
> Analyze the full cycle of emissions data and their impact on air quality
using various types of fuels.
> Monitor and analyze the emissions and air quality performance in a
residential setting where a fiiel cell will be the primary source of power in
a typical 2,000 square foot single family dwelling.
> Determine cost effectiveness, reliability and practicality of integrating fuel
cell technology into residential applications.
> Analyze siting, installation, commissioning, monitoring and maintenance
requirements for localized applications (i.e., gated communities, premium
power applications, uninterruptable power systems, etc.).
> Research and demonstrate the efficiency factor using different fuels in a
variety of distributed generation applications.
Using 250kW fuel cells:
> Determine issues associated with the integration of large fuel cells into the
power grid.
3
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> Research and analyze the impact of air quality emissionsfromfuel cells in
a city that suffers from air quality problems.
> Demonstrate the feasibility of Emission Reduction Credits for fuel cell
technology.
> Monitor the operations and on-going maintenanc as well as offer proof-ofcost viability through the analysis of life cycle costing of the fuel cell units
in various commercial environments.
> Determine site-specific siting, commissioning, and training criteria of the
fuel cell units in ambient conditions.
> Monitor the performance, reliability and power quality produced by a
large-scale fuel cell.
> Research the utilization of the stationary power plant's reformer to
produce hydrogen for use in a vehicle refueling application.
> Research the development of an integrated heat recovery unit to capture
the economic opportunities available from the by-production of heat or
steam.
> Conduct research on other projects as recommended by the Governing
Body.
INDUSTRYPARTICIPA

TION

To ensure that the key objectives of the Core Project are met, a Governing Body will be
created to define and coordinate the research priorities for the core project and any related
ancillary projects. The Governing Body will consist of one representative from each of the
industry participants, the director of the Center, the Center's technical director, and the
Chief Operating Officer of HARC.
The Governing Body will adopt formal bylaws defining operations of the Core Project.
The Governing Body will determine the research and development activities of the Core
Project, the use of all project property and related personnel, exploitation of any resulting
intellectual property resultingfromthe Core Project, and resolution of any disputes among
industry participants. All decisions of the Governing Body shall be determined by a twothirds (273rd) vote of all members. The Governing Body shall meet at least quarterly.
The core project has been designed as a flexible resource for industry. It provides the
infrastructure necessary to build an ongoing research program. In addition to the core
project, each industry participant may join, direct or sponsor ancillary projects to explore
specific uses of fuel cells in specialized settings or applications. The studies may involve a
portion of the entire group or may include outside participants. Costs for each ancillary
project will be borne by the respective participants and will be in addition to the core
project.
One such study being contemplated is to test a second 250kW fuel cell. This unit could
either be the next generation PEM commercial fuel cell developed, or could include a
4
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completely different type of technology defined by the needs of the Center's industry
participants.
After the completion of the core project, new corporations may wish to join the center in
order to participate in the demonstration and application of "next generation" technology or
in new ancillary studies. Any new corporation wishing to join, create or establish a
"related" ancillary project after the initial core project startup will be charged an entrance
fee, plus a proportionate share of overhead and future fuel cell demonstrations. These
dollars will help to reduce future costs of the Center.
A model illustrating the relationship between the core program and other related programs
is outlined below:

Separate
Ancillary
Projects
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PROCiSAMlMPLEMENTATIONSilLESTONES
The following timeline has been established for implementation of the fuel cell research
program:
July 1998 - January 1999
> Solicitation of industry participants continues
> Industry Participation Agreements constructed
> Arrange financing for equipment, fuel cells and facility construction
January 1999 - July 1999
> Facility design and construction
> Research program designed
1999: Q 3 - Q 4
> Receive and install first smaller fuel cell unit (committed from Ballard )
> Research program implemented
2000: Q 1 - Q 4
> Receive and install one 250kW natural gas field test unit (committed from Ballard Q3)
> Receive and install three additional smaller fuel cell units (manufacturers to be
identified)
> Research program implemented
COSTS ASSOCIATED WITH THE CORE PROGRAM

Based on the above schedule, the Core Program will be a three-year program. The Center
will acquire four <10kW PEM fuel cells beginning in 1999 and one 250kW PEM fuel cell
in 2000. It will also serve as the basis for future research modules. The proposed budget is
as follows:
Annual Personnel Costs:
Program Director
Technical Director (p/t)
Safety Advisor (q/t)
Testing Engineer (fit)
Facility/Technical Engineer (p/t)
Administrative Assistant
Fellowship Program
Subtotal
Benefits G6%V
Subtotal
HARC Overhead (30%)2
Total
6
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$100,000
62,500
20,000
90,000
25,000
35,000
50.000
$382,500
137.700
$520,200
156.060
S 676.260

Budget
1999

2000

2001

Annual Personnel Costs

$676,260

$676,260

$676,260

Operational Expenses
Natural Gas
Utilities
Travel/Conferences
Telephone/Communications
Special Security
Postage
Supplies/Miscellaneous
Testing Expenses4
Total - Operational Expenses

8,000
9,000
30,000
12,000
15,000
1,500
4,000
30.000
S 109,500

15,000
10,000
25,000
12,000
15,000
1,500
10,400
100.000
$188,900

21,000
10,000
20,000
12,000
15,000
1,500
15,000
130.000
$224,500

Personnel
Operational Expenses
Amortization of Capital Expenses3'4

676,260
109,500
1,585,300

676,260
188,900
1,585,300

676,260
224,500
1,585,300

$2,371,060

$2,450,460

$2,536,060

$408,750

$408,750

$408,750

Total Expenses Per Year
Required Industry Participant Contribution3
1

HARC's share of social security, unemployment taxes and employee benefits
Includes property insurance, general HARC support, accounting, general utilities, personnel services, general security and program
oversight
3
3-year amortization at 7.2%
4
One 250 kW fuel cell, 4 <10kW fuel cells
5
Based on six industry participant

The proposed budget will cover the cost of the core project, including the cost of the
facility; administration of the program; acquisition of the equipment, integration of the cells
and information collection, analysis, a university-linked intern program, and dissemination
of the research.
To become an initial Center participant, each Industry participant will enter into a Industry
Participation Agreement that provides for each entity making the annual payments for the
duration of the core program that is anticipated to be three years. This time period has been
established by fuel cell availability and delivery schedule proposed by the manufacturer.
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POTENTIAL TAX CREDITS

The participants financial participation may be eligible for federal research tax credits
and/or charitable contributions. On October 21,1998, the United States Congress extended
the tax credit for business research and development that expired on July 1, 1998.
Depending on the tax position of the individual participant, the proposed tax credits will
have the effect of reducing the cost of participation to forty cents on the dollar.
EXAMPLE
Assumptions:

A corporation fully qualifying for credits
Incremental tax credit is renewed
Tax rate of 3 5%
Annual expenditures and savings

Industry Participation for Core Program
less: 20% tax credit
20% basic university research payments
Tax Savings with Expense Deduction

$408,750
(81,750)
(81.750)
245,250
(85.375)
$159,875

or a net cost of $ 0.40 per dollar
Each industry participant is advised to consult with their legal counsel and accountingfirm
regarding possible tax benefits associated with participation in this program.
ORGANIZATIONAL STRUCTURE

Initially, a full-time director, a technical director, a testing engineer, a quarter-time safety
advisor, and a full-time administrative assistant will staff the Center. Additional technical
staffing requirements will be addressed on an as-needed basis, by calling on fuel cell
expertise from manufacturer and collaborative universities.
As director, Patrice "Pete" Parsons will serve on the Governing Body and be responsible
for and direct the daily operations of the Center. Ms. Parsons will manage the research
programs conducted at the Center and will implement the agenda established by the
Governing Body. She will oversee the establishment of the research facility and the
commissioning of the fuel cells. In addition, Ms. Parsons will work closely with members
of industry and, as directed, will facilitate relationships with federal agencies whose
interests align with the Center. Ms. Parsons will also ensure that measures are being taken
to comply with occupational and environmental guidelines.
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As technical director, Dr. David Norton will integrate activities of the Center with HARC
programs and those of HARC's collaborating institutions. Dr. Norton will serve on the
Governing Body, and will assist in implementing their technical recommendations. Dr.
Norton will establish the fellowship program and will coordinate the activities of the
visiting scientists and graduate students.
As quarter-time safety advisor, Phillipe Tissot will oversee compliance with health and
safety requirements and will ensure compliance with federal, state and local regulations.
The testing engineer will be responsible for the daily operations of the fuel cells and
ancillary equipment in the Center. He or she will also have primary responsibility for
maintenance and repair of the equipment.
The part-time facility/technical engineer will maintain the facility. It is projected that the
majority of his services will be needed during the facility start-up phase and commissioning
of the fuel cells.

Center for Fuel Cell Research and Applications

Program Director

Technical Director

Safety Advisor

Testing Engineer

Facility Engineer

Governing Body
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DELIVERABLES

The Center for Fuel Cell Research and Applications management team will provide the
following set of deliverables to the industry participants:
> Quarterly management reports,
> Databases developed from the research,
> Monthly tracking and reporting on research,
> Semi-annual review meeting,
> Annual financial report and audit, and
> Any appropriate "flash" reports.

For more information contact:
Pete Parsons, Center Program Director, at 512/380-0283,281-363-7929,
Email gparsoiis^arc.edu; or
Dan Davis, Chief Operating Officer of HARC, at 281-363-7912,
Email agd;g,harc,cdu
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RESUMES OF KEY PERSONNEL
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4205 Bradwood
Austin, Texas 78722
512-380-0283
512-380-0296 (fax)
pparsons@harc.edu
The Woodlands
281-363-7929
281-363-7935(fax)

Patrice Parsons
BACKGROUND
SUMMARY

Extensive experience in energy and environmental
policy planning, program development and
implementation. Recruited, trained, and supervised
staff Created and implemented marketing
strategies; developed and monitored budgets;
developed and coordinated lobbying strategies for
coalitions of diverse groups of constituents.

ACCOMPLISHMENTS
May 1997-June 1998

MANAGEMENT
Texas General Land Office
Associate Deputy Land Commissioner for
Energy Resources
Department Head of a seventy six member staff
responsible for oil, gas and mineral lease sales totaling
$198 million dollars annually. Managed royalty
payments lease audits, in-kind gas program and
alternative fuel programs for the State of Texas.
Reorganized department and established team to
recover $6 million in unresolved royalty payments.
Served as the Commissioner's spokesperson on
climate change issues, renewable energy, and the U.S.
Clean Air Act Advisory Committee.

February 1996 - April 1997

Director, Alternative Fuels Division
Directed staff of seven charged with the development
and promotion of alternative fuel vehicle and
infrastructure programs in Texas. Coordinated all
governmental relations for the division.
■ Created a statewide strategic plan for the
deployment of alternative fuels.

12
.-i proposal to establish the
Center for Fue l Cell Research and Applications

■ Developed initiatives and secured funding on
projects for airport operations, bi-national freight
shipping, "market-pull" consolidated purchasing
cooperatives, long distance trade corridors and
mobile source emission reduction credits, which
have evolved into national models for the U.S.
Department of Energy.
■ Received national recognition for creating a taxi
program in New York City that created the largest
fleet of light-duty natural gas vehicles in the U.S.
■ E stablished Department of Energy's Clean Cities
coalitions in Houston, Dallas/Fort Worth, Austin,
Corpus Christi, El Paso, San Antonio and Laredo
and secured funding for staffing for these
organizations.
■ Organized the sixth and seventh annual
International Alternative Fuels Conferences and
Trade Exhibitions. Coordinated all governmental
relations for the division.
February 1995 - January 1996

Special Assistant to the Commissioner
Directed the Texas Sustainable Energy Development
Council, which was created to develop a strategic plan
to ensure the optimum utilization of Texas' renewable
and efficiency resource base. This project included
identification of the state's available renewable and
energy efficiency resource base and development of a
model indicating how these resources interact with each
other and with existing energy production and
consumption.

February 1993 - January 1995

e
stat of Te xas, State Energy Conservation
Office
Director
Directed a department of thirty responsible for all state
energy conservation programs, including thirty-three
different program areas. Responsible for managing
approximately $200 million of Petroleum Violation
Escrow (PVE) funds.
■ Overhauled the State Energy Conservation Office's
accounting system to dramatically improve system
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accuracy and accountability and to reconcile with
U.S. Department of Energy figures.
■ Served as state representative to the National
Association of State Energy Officials. Coordinated
all governmental relations for the department.

May 1991 - January 1993

General Services Commission
Director of Environmental Programs
Directed a team of four employees responsible for the
implementation of environmental programs throughout
the agency's operations. Projects included revision of
the State's Architectural and Engineering Guidelines to
incorporate "Green Building" guidelines, initiation of
the state's recycling program, modification of state
purchasing policies to include recycled and
environmental products.
■ Prepared and secured passage of legislation to
strengthen the state's Solar and State Structures
statute relating to renewable building practices
within state office building construction.
■ Organized the agency's annual recycling
conference and conducted ten seminars on
Sustainable Building Practices for all state agency
and university architects.
1985 -1991

E
PRIVAT SE CTOR E XPE RIE NCE
Political Consulting
Developed and managed direct-mail programs and
phone bank operations for various successful grassroots
lobbying efforts.
■ Organized and led the Texas Growth Fund
campaign (Constitutional Amendment) from its
inception and coordinated all administrative
activities.
■ Organized and coordinated twenty counties for a
Texas Senatorial campaign.
■ Managed several large political fundraising efforts.
■ Organized, coordinated and successfully secured
passage of a $14 million general bond authorization
for schools in Gillespie County.
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1978 - 1984

Commercial Real Estate
Managed several commercial office buildings in
Austin totaling more than 1.5 million square feet.
Responsibilities included marketing, design and
construction oversight and property management
duties.
Expertise in marketing commercial properties as a
commercial real estate broker.

EDUCATION

University of Texas at Austin, B.S., Education, Honors
1976

VOLUNTEER/
COMMUNITY

Precinct Chair, Hays County, Texas
AIDS Services of Austin - Board of Directors
Sharir Dance Company - Board of Directors
The Center for Battered Women - Board of Directors
The Austin Children's Museum- Board of Directors
Austin Drug Abuse Program - Board of Directors
Austin Chamber of Commerce - President's Council
Texas Rate Payers to Save Energy- Board of
Directors
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Houston Advanced Research Center
The Woodlands, Texas 77381
(H) 281-292-3875
(W) 281-363-7973
(F) 281-363-7914
norton@harc.edu

David J. Norton, PhJX, P.E..
BACKGROUND
SUMMARY
Experience in learning, research and technology
transfer. Understand people who create technology
and the process of forging economic outcomes from
R&D. Created and led research and technology
organizations. Developed strategies for workforce
development and learning for knowledge based
organizations.

ACCOMPLISHMENTS
1986 Present

Houston Advanced Research Center
Director of Space Technology and Research
Center:
Created center to develop and use space technology
for the civil, military, and commercial space
applications.
■ Created center to work in the national space
program
■ Developed classified microwave imaging
program

Vice President for Research
Key role in the creation of a university linked,
nonprofit research and technology transfer
organization. Developed and managed the $15
million research budget. Provided strategic and
financial oversight for 8 research divisions.
■ Managed the research program at HARC
■ Converted HARC to 50% industrial support
■ Liaison to Washington DC and state capital
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■

Budget, recruiting, management, board of
director's meetings

Director of Laboratory Programs
Developed new programs in the role of learning and
technology in the work force of tomorrow. Organized
and managed new research centers around emerging
technologies
■ Led program development in emerging
technologies: DNA, brain physics
■ Created and led the Telemedicine Technology
Laboratory
■ Created and led a Distance Learning Laboratory

1970-1986

e
T xas A&M Unive rsity
Assistant, Associate, Full Professor
Aerospace Engineering Department. Teaching,
research and graduate students. Ten years of
continuous research for NASA on space shuttle
aerodynamics and propulsion. Achieved tenure and
full professor.
■ NASA research on Space Shuttle heat tiles
■ E nvironmental Aerodynamics and Wind
Engineering
■ Created 4 new engineering courses
Assistant Director for Research
Texas Engineering Experiment Station
Managed and coordinated the research of 25
divisions. Represented institution at state capital.
Created the model for the national Space Grant
program.
■ Managed 25 research divisions
■ Created divisions at other universities
■ Conceptualized and created Space Grant concept
forTAMU

1968-1970

U.S. Army
■ Captain, U. S. Army Ordnance Corps:
Commissioned at Texas A&M University. Served
8 years in reserves and active duty.
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■ Jet Propulsion Laboratory active duty 2-year
assignment. Advanced Propulsion Division

EDUCATION

B.S. mechanical engineering, Texas A&M
University. 1963
M.S. in mechanical engineering, Texas A&M
University. 1963
Ph.D. in mechanical engineering, Purdue University.
1968

AFFILIATIONS

B.S. mechanical engineering, Texas A&M
University. 1963
American Society of Mechanical Engineers
American Institute of Aeronautics and Astronautics
Tau Beta Pi
Phi Kappa Phi
Sigma Chi

CLUBS

The Cosmos Club, Washington D.C.

PROFESSIONAL
REGISTRATION

Registered Professional Engineer

HONORS/ AWARDS

Named Purdue University Outstanding Mechanical
Engineering graduate in 1995
Named Brockett Professor of Aerospace Engineering
at Texas A&M University
Served on 1995 and 1998 Oak Ridge National
Laboratory review team for the Instrument and
Controls Division

CIVIC ACTIVITIES

Board of the Montgomery County Library system
Board of the Education Tomorrow Alliance
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Houston Advanced Research Center
4800 Research Forest Drive
The Woodlands, TX 77381
281-364-4020
ptissot@harc.edu

Philippe E. Tissot, Ph.D.
ACCOMPLISHMENTS
May 1995 to Present

Houston Advance d Re se arch Ce nte r
Institutional Radiation Safety Officer (IRSO)
Dr. Tissot is in charge of the supervision of all
activities involving the use of radiation sources or
radiation producing machines. He wrote and updates
as needed HARC Radiation Safety Policies and
regulations and supervises the operation of the
individual laboratories radiation safety programs.
Dr. Tissot is also the Radiation safety officer for the
Technology Development Laboratory.
Member of HARC Safety Council
As a member of HARC's safety council, Dr. Tissot
reviews all safety aspects of HARC operations and
advises in his areas of expertise such as radiation
safety and other engineering disciplines.
Research Scientist at HARC's Technology
Development Laboratory (TDL)
As a research scientist at TDL of the Houston
Advanced Research Center, Dr. Tissot leads
technology transfer and Research and Development
projects. Recent projects include:
■ Development and optimization of a delivery
process for the treatment of lumber by vacuum
impregnation based on a proprietary process
developed by a South African Research Center.
■ Development of a silicide characterization
technique based on Rutherford Backscattering
Spectrometry for a Semiconductor company.
■ Development of a method to measure the near
surface characteristics of processed 300 mm
silicon wafers non-destructively.
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■ Development and testing of a cooling system for
High Purity Germanium (HPGe) detector based
on the first commercial version of a pulse tube
cryocooler.
■ Study and simulations of the implementation of
Prompt Gamma Neutron Activation Analysis
(PGNAA) to the problems of soil contamination
screening (NASA Marshall), and mines and
buried ordnance detection.
■ Development and surface testing of a downhole
High Purity Germanium (HPGe) detection system
for the oil logging industry for a Houston based
oil company.
■ Study of cooling system for SQUID based
detection systems.
■ Study of alternate gamma ray detectors for
nuclear logging of oil wells and in particular high
Z semiconductor detectors.
August 1994 - May 1995

Instructional Materials Specialist at the Electronics
Training Division (ETD) of the Texas Engineering
Extension services (TEEX). Principal investigator in
the development of a course on the processes and
fundamentals of silicon materials fabrication for
Texas Instruments.

1988 - 1994

Texas A&M University. Research assistant
responsible for operating, maintaining and modifying
a 200 keV Cockroft Walton ion beam accelerator,
including the vacuum systems, the ion gun, the ion
optics and the vacuum chamber and its apparatus.

1987

Innovi SA Le Locle (Switzerland). Scientific
evaluation for venture capitalism, primary participant
in the conception and programming of the analytical
accounting of the company.

EDUCATION
Ph.D. in Nuclear Engineering, Texas A&M
University, May, 1994. Disse rtation: Fabrication of
<100> Germanium Silicon layers by heated ion
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implantation and study of pre- and post-anneal
characteristics by channeling and RBS (Rutherford
Backscattering Spectrometry).
Diploma
Engineering Physics, Swiss Federal
Institute of Technology at Lausanne, Switzerland,
January, 1987. Thesis: Analysis of the degradation
of M0S2 protective coatings when exposed to
humidity using AES (Auger Electron Spectroscopy)
and XPS (X-ray Electron Spectroscopy).

QUALIFICATIONS/
AFFILIATIONS
Certified Radiological Safety Officer: completed the
40 hour radiological safety officer course at the
Texas A&M University Office of Radiological
Safety, April 9, 1996.
Familiar with Nuclear Engineering simulations using
the Monte-Carlo Code MCNP (completed the 40hour class, introduction to MCNP, at Los Alamos
National Laboratory).
Member of Alpha Nu Sigma honor society, the
American Nuclear Society, the American Physical
Society, and the Materials Research Society.

PUBLICATIONS/
PRESENTATIONS
John Colvin, Tom Mann, Scott Peck, Philippe
Tissot*, John Ziegler, "A Second Generation
MicroSmes" Superconductor Industry, Winter 19971998 Issue. (* Author of the article)
P.E. Tissot, J.C. McCoy & R.R. Hart, "Medium
Energy implantation of germanium into heated
<100> Silicon", Applied Physics Letters 66-8 (1995)
979-981.
P.E. Tissot & R.R Hart, "Ion Beam Heating of Thin
Silicon Membranes," Nuclear Instruments and
Methods B79 (1993) 796-799.
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P.E. Tissot, L. Crowe, J. Colvin, TL. Mann, and A.
Guerra, 'Design and Testing of a Pulsed Tube Based
Cooling System for High Purity Germanium
Detectors", submitted for publication at the 1997
Cryogenic Engineering Conference.
J. McCoy, P.E. Tissot & R.R Hart, "High Fluence
Implantation of Ge into Heated <111> Silicon,"
poster presentation at the 12th international
conference on the applications of accelerators in
research and industry, Denton, Texas, 1994.
P.E. Tissot, J.C. McCoy & R.RHart, "Germanium
Silicon Layers Produced by Implantation of Silicon
<100> Substrates," oral presentation at the fall 1993
meeting of the APS/AAPT (Texas section) in College
Station, Texas (This presentation received an award
for outstanding research paperfromthe APS
industrial section sponsorship fund).
Participation (principal investigator) to the design,
research, and text development of the course "Silicon
Manufacturing Overview", Texas Engineering
Extension Service, Electronics Training Division,
1997, Texas A&M University System, College
Station, TX 77843-8000 (Currently teaching this
class as a part-time instructor for TEEX-ETD).
Participation (principal investigator during the first
phase of the development) in the design, research,
and text development of the four volume course
"Silicon Materials Fabrication," Texas Engineering
Extension Service, Electronics Training Division,
1996, Texas A&M University System, College
Station, Texas 77843-8000 (Currently teaching this
class as a part-time instructor for TEEX-ETD).
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APPENDIX
Fuel Cell Background
HARC Background
HARC Centers & Collaborative Institutions
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FUEL CELL BACKGROUND

Fuel cells date to 1839, but it wasn't until the early 1960s that NASA began using the
technology in its space program. While fuel cells helped put a man on the moon, they have,
until recently, been considered too costly for most down-to-earth applications.
Over the past few years, however, engineers have begun designing fuel cells with more
practical applications. Envisioned are quiet, decentralized electric plants ranging from
those small enough to power a car (and perhaps, at night, a home) to fuel cells large enough
to power a small town of 15,000 people. Public mandates for reduced carbon consumption
have driven the development of fuel cells and other environmentally benign energy sources.
Compared with the internal-combustion engine (ICE), the fuel cell engine is a simple
device. Fuel cells are electrochemical devices that are clean, quiet and efficient; they
operate continuously as long as fuel is supplied. Fuel cells have no moving parts; therefore,
they are extremely reliable and have long operating lives. Fuel cell systems can use any of
a number of fuels such as natural gas, methanol, ethanol, and hydrogen and the fuel cell
process is two to three times more efficient than that of an ICE. In addition, the only byproducts of the fuel cell itself, are electricity, water, and a moderate amount of heat.
After decades of unfulfilled promise, fuel cell momentum is now so great that its
emergence as a dominant technology appears inevitable.
While the shift to a mature "hydrogen economy" is likely to require another 50 to 100
years, the impact of fuel cell technology should be felt long before that. The August 1,1998
issue of the Economist, for example, reports that Zevco, a small Anglo Belgian firm, has
"just launched the world's first taxi to be powered by smooth, silent fuel cells." Over the
next decade, technologies are likely to emerge that are both more efficient and
environmentally friendly than their predecessors. The use of fossil fuels to power fuel cells
will be transitional, leading to an era in which hydrogen is extracted from sustainable
energy sources. Implications of such a development are far reaching and include a drastic
decline in air pollution, oil spills, acid rain, and greenhouse emissions. A demonstration of
this potential will have significant implications as power companies seek ways to comply
with clean air standards.
There are currently five types of fuel cells: the alkali cell, the molten-carbonate cell, the
solid-oxide cell, the phosphoric-acid cell, and the proton exchange membrane (PEM) cell with the latter two showing the most promise for practical use. All five fuel cell types use
catalysts to speed up the chemical reaction and many also rely on high temperatures. The
most expensive fuel cell is the alkali cell used in space vehicles. It enjoys the highest ratio
of power to weight, but it needs expensive metals, such as platinum and gold, to coat its
electrodes. In addition, its electrolyte is made of potassium hydroxide, which tends to react
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with CO2 in the air to form potassium carbonate. That means it needs a supply of pure
oxygen, which adds even more to the expense of the technology. Molten-carbonate and
solid-oxide cells operate at 600°C and 1,000°C respectively, therefore, do not need
expensive hydrogen as fuel. Instead, they can use methane, which is available in natural
gas. Both types, however, have their drawbacks. The solid-oxide fuel cell requires
sophisticated ceramics for its electrodes and an exotic mixed oxide as an electrolyte
Similarly, the electrolyte in a molten-carbonate cell is so hostile its electrodes tend to "give
up the ghost" regardless of their composition.
The remaining two cells offer the best promise for commercialization. The phosphoric-acid
cell, currently in commercial production, is favored to replace behemoth gigawattproducing power stations and the proton exchange cell (PEM), which has numerous
applications including both large and small-scale stationary applications, portable
applications and/or mobile applications.
While the PEM cell operates at a relatively low temperature - around 80°C - until recently
it required immense quantities of expensive platinum as a catalyst. However, in 1993,
through a partnership with a British company, Ballard Generation Systems found a way to
reduce the platinum, thereby making the PEM fuel cell more affordable.
PEM fuel cell technology is ideally suited to multiple applications based on the needs and
requirements of the customer This range of applications includes stationary (500W to
1MW), portable (<500W), transportation, marine, and many others. PEM technology is
considered the most commercially viable technology for units rated at 250kW and below
In addition, it is expected that PEM technology will
How the Ballard PEM fuel cell w o r k s
become more affordable because it has components
that are plastic and recyclable, and operates at a
lower temperature resulting in less degradation to
the fuel stack components.
Because PEM
technology is scalable and versatile, it is uniquely
suited for customized solutions.
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Additionally, the versatility of PEM technology may
make it the ideal choice for businesses wishing to
position themselves within the emerging energy
environment. Companies such as Ballard, DaimlerBenz, Honda, Toyota, Ford, Fuji, Sanyo, Mitsubishi,
Toshiba, Hitachi, Siemens, DeNora, International
Fuel Cells (TEC), H-Power, Chrysler, and Plug
Power are looking at PEM fuel cells in a variety of
applications including automotive
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Illustration courtesy of Ballard Generation Systems

The Center seeks to provide its industry participants
with the capability to determine the suitability of PEM technology for stationary and
transportation applications
Stack technology, systems integration, research and
25
A procosal to e^iach sh >ne
Ce iter for "~uel Cell Research ana 4pp'icaLon->

development strengths, financial partnerships, manufacturing and commercialization
capabilities will be considered in the program

Founded in 1982, HARC is a non-profit, university-linked organization focusing on marketdriven scientific research and applied technology development Specialists from education,
industry, and government come to HARC to conduct research, develop new models for the
efficient transfer of technological developments to the marketplace, and increase awareness
in the social and policy implications of advances in science and technology
As a market-based research institution,
HARC is supported by both the public
and private sectors Energy and the
environment represent HARC's major
research focus The value of HARC's
work is shared though conferences,
workshops, publications, and the
development and commercialization of
new technologies HARC researchers
work closely with colleagues at 10
collaborative institutions
Since 1985, HARC has performed
more than $135 million in research and currently attracts more than $13 million annually in
industry and government support for its programs Its intellectual property history includes
41 U S patent applications filed, 27 patents issued and 20 patents or patent application
transfers Eight organizations and companies have spun out of HARC's research and some
150 companies benefit annually from its research According to Economist Ray Perryman,
HARC generates $37 7 million annually in total expenditures within the Greater Houston
economy
Located 27 miles north of Houston in an area of The Woodlands known as the Research
Forest, the HARC campus is nestled on 100 acres of east Texas forest, with a staff of over
100 scientists, specialists and support personnel
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