The Greater Columbia Fuel Cell Challenge:
COLUMBIA’S VISION FOR A HYDROGEN AND FUEL CELL ECONOMY

R. Keller

1.  Introduction
The Greater Columbia Fuel Cell Challenge seeks to engage firms and service providers to partner with the City of Columbia and the University of South Carolina to assist in the design and implementation of a groundbreaking plan involving unprecedented integration of hydrogen fuel cell technology into multiple aspects of the City and the University.  Launched at the 2006 National Hydrogen Association conference, the Challenge has awarded 15 projects to date having a total value in excess of $4 million.  Through the partnerships fostered in these projects the Columbia region has recruited three hydrogen and fuel cell companies to the region, attracted federal government investments for nationally-focused projects, supported growth of a state-of-the-art work force development initiative at a local technical college, and raised the public awareness of and support for hydrogen and fuel cell technologies across the Columbia metropolitan area.  Perhaps most importantly, the Challenge has helped set the Columbia region on a trajectory for continued success in the future.
2.  From Ideas to Action

In 2005 business, higher education, national laboratory and community leaders from across the state of South Carolina came together to develop a 20-year strategy that could enable South Carolina to become a leader in the emerging hydrogen and fuel cell economy.  This initiative started with the recognition that the world is beginning a profound change toward producing and using new sources of energy, including hydrogen as a carrier of energy and fuel cells as a means for energy conversion.  With hydrogen and fuel cell industries projected to generate more than $2.6 trillion within the coming 20 years, South Carolina’s hydrogen “stakeholders” began investigating how the state might position itself to become a leader in at least some portion of this future marketplace. 
As the 20-year strategy began to take shape two very different baseline conditions emerged.  On the positive side, the state’s internal assessments showed that in basic and applied research South Carolina has world class capabilities for hydrogen and fuel cell research at the Savannah River National Laboratory, the University of South Carolina and at Clemson University.  The state ranked 12th in overall U.S. Department of Energy (DOE)-sponsored hydrogen research, 10th in hydrogen production, 4th in hydrogen storage research and 13th in DOE fuel cell projects, and was home to the nation’s only National Science Foundation-sponsored fuel cell research center.  Hydrogen and fuel cell research clearly is a star in South Carolina’s innovation pipeline. 

However, against this very strong in-state research base is a weak history in commercialization.  South Carolina ranks below the top 20 competing states in DOE- sponsored hydrogen and fuel cell projects within private companies.  Perhaps more important, the state ranks low in overall entrepreneurship (39th in overall level of entrepreneurship and risk capital, and 37th in total venture capital investments, SBIR grants and university spin-offs).  Thus the challenge for the state of South Carolina as a whole, and for each of its regions where there are strong research programs already underway, is to develop initiatives that turn the indigenous research strengths into commercialization outcomes.

During its year-long strategy development process, the state’s hydrogen stakeholders articulated a framework that focused on building an “innovation pipeline” for hydrogen and fuel cell technologies.  This innovation pipeline would help create a “critical mass” of knowledge that, in turn, would provide the feedstock of new ideas for technology commercialization.  These ideas eventually would be captured in the form of knowledge economy jobs through the formation, expansion and attraction of hydrogen and fuel cell industries.  Activities along the innovation pipeline would coalesce around three principal “building blocks” defined as:
Discovery efforts:  achieve and sustain a critical mass in South Carolina’s basic and applied scientific research. 

Development efforts:  capture hydrogen and fuel cell technology innovation in the South Carolina economy. 
Deployment efforts:  grow and cluster hydrogen and fuel cell technology-based industry activities in South Carolina.

In its final report, published in October 2005, the South Carolina hydrogen stakeholders offered three recommendations for hydrogen and fuel cell activities in each of the state’s principal hydrogen and fuel cell research thought centers:  (1) Build collaborative leadership groups.  Each region needs a dedicated public/private leadership group to “energize” the hydrogen and fuel cell strategy; (2) Integrate the “Innovation Pipeline” concept into economic development strategies.  Unite existing infrastructure under an overarching hydrogen and fuel cell strategy to leverage resources; and (3) Establish an implementation mechanism to enable regional actions.  Create regional development corporations with budget and authority for advancing the hydrogen and fuel cell economy objectives.  
3.  Building the Innovation Pipeline in the Columbia Region

Immediately after release of the 20-year strategy the key hydrogen leaders in the Columbia region (the City of Columbia, the University of South Carolina, the South Carolina Research Authority and EngenuitySC, a business leadership group in the region) began organizing themselves to implement the specific recommendations from the 20-year strategy that were germane to the region.  Using the findings and recommendations from the 20-year study, the Columbia-based stakeholders developed a comprehensive implementation plan, assigned organizational responsibilities for the key elements of the plan, pledged financial and in-kind support for the effort, and captured these commitments in a Memorandum of Understanding that was signed in the spring of 2006.  The loose confederation that resulted became the University of South Carolina – City of Columbia Fuel Cell Collaborative.  Although a “coalition of the willing” and not a legal entity, the individual Collaborative partners united in their commitment to achieving the overall goal of establishing a world-class hydrogen and fuel cell technology program in Columbia, South Carolina. 
Having addressed the “who will take the lead in Columbia” question, the Collaborative members next turned to the task of capturing and documenting all the assets already resident in the region that could be organized under the “innovation pipeline” rubric.  What emerged from this effort was an impressive array of capabilities and activities across the entire spectrum from discovery to development to deployment.  These capabilities are summarized in Figure 1 below.
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Figure 1:  The Columbia Hydrogen and Fuel Cell Innovation Pipeline
The good news was Columbia seemed to have much to offer.  The bad news was Columbia was not prominently in the field of consciousness of much of the existing hydrogen and fuel cell industry.  Less than a month before the 2006 NHA conference the Collaborative members began looking toward this major conference as a platform from which an announcement that Columbia was “open for business” might be broadcast.  The challenge, of course, was balancing the need to move quickly in engaging the hydrogen and fuel cell industry with the local stakeholders’ less than precise knowledge of the specific business opportunities for which the region might be open.
4.  The Fuel Cell Challenge is Born

With no hydrogen or fuel cell companies operating outside of business incubators in Columbia and only one fuel cell project ongoing in the public domain (the “Green Dorm” fuel cell project at the University of South Carolina) in March 2006, it was clear to the local stakeholders that to be successful in the long run would require engaging hydrogen and fuel cell companies outside of South Carolina in the short run, and working with them to help chart a course that could offer a “win” for all involved.  Armed with that reality, and with a commitment to listening before acting, the concept for the fuel cell challenge was launched.  
At the 2006 NHA conference in Long Beach, California the Collaborative announced the concept of the Greater Columbia Fuel Cell Challenge, and invited all interested companies and organizations to participate in an “input conference” for the challenge during the Fuel Cell South conference, already scheduled later in the spring of 2006 in Columbia.  The operative question to industry was not “Can you bid on a specific application with a specific capacity in a location already identified?” but rather “Can you identify current applications you already could deploy and suggest possible locations where these applications fit best?”  After collecting inputs at the Fuel Cell South conference the Collaborative issued an initial Request for Proposals (RFP) in July 2006.  The text of the RFP was purposefully broad and general, and addressed the entire spectrum of activities under the innovation pipeline construct.  Notional project categories and ideas included:

Discovery.  The focus of the discovery phase was on growing and developing fuel cell knowledge to feed innovation by fostering research partnerships and activities, promoting educational awareness and outreach within the K-12 schools, technical and four-year college and business communities, and incentivizing individuals and groups to direct their talents and imagination toward fuel cell related technology. Proposal opportunities in this phase included the following:

-- Developing national and international research partnerships; 

-- Incentivizing participation in the national "H-Prize" competition; 

-- Developing a comprehensive approach for formal and informal science education and public outreach, consisting of: 



--- K-12 education programs focused on alternative energy, specifically fuel cell technology; 


--- Workforce development courses at technical colleges;


--- Academic competitions and scholarship programs involving fuel cell technology; and 


--- Tailored media and other outreach programs to engage young people, community and business leaders. 


Development.  The focus of the development phase was on commercialization efforts -- establishing a local business and entrepreneurial environment conducive to company formation and successful start-up centered on the intellectual property developed at or in partnership with the University of South Carolina.  Proposal opportunities in this phase invited applicants to partner with regional entities and leverage the following menu of support mechanisms:


-- A comprehensive package of incentives and benefits to support new company formation in the fuel cell space (e.g., incubator space, professional services, access to graduate research assistants, etc.); 

-- Incentives to support student start-up businesses; 

-- Tailored "recruitment" incentives to attract landing parties from established companies to transform their in-house, but currently undeveloped intellectual property into new business units; and 

-- Access to public and private sources of venture capital assistance for qualified energy-related businesses. 


Deployment.  The focus of the deployment phase was on creating a commercial market for fuel cell products that, in turn, will drive fuel cell industry growth and create an economic "cluster" of fuel cell companies.  This is a long term goal; in the near term the Challenge would focus on demonstrating the largest possible variety of fuel cell technologies and applications across the stationary power, portable power and transportation/mobility application spectrum, and connecting those demonstrations with the comprehensive "end-to-end" vision for the future of the Columbia region.  Demonstration projects and applications may include:

-- High visibility public and private applications of fuel cell stationary power, possibly including the University of South Carolina baseball stadium, Lexington County Hockey Arena, Columbia Airport, Lexington Medical Center, museums, Columbia and Benedict College campuses, etc.

-- Marry fuel cell technology with other green/renewable energy initiatives (waste water treatment plant, biomass gasification plant, etc.);

-- Incorporate fuel cells into new commercial/residential development projects (e.g., Horizon Center, Innovista, neighborhood distributed generation, etc.);

-- Fueling and vehicle demonstration projects (fuel cell buses, utility vehicles, etc.);


-- Portable applications in and around the university campus (e.g., laptops, surveillance cameras, other battery-like applications).
In response to the July 2006 RFP the Collaborative received more than 40 proposals totaling nearly $12 million in value.  Through merit-based selection criteria developed within the group, the collaborative chose 10 projects (six in October 2006, the remaining four in December 2006) that best aligned with the overall goals for the region’s hydrogen and fuel cell economic development efforts.  
Table 1 below summarizes the initial projects funded through the challenge; a brief summary of each project follows the table.

	Project


	Awardee
	Remarks

	Museum Exhibit Planning Grant
	EdVenture Children’s Museum
	Develop Hydrogen and Fuel Cell Exhibit to deploy by 2009

	K-12 Education Program Curriculum
	Innovation Drive, Inc.
	Develop and Pilot Materials for Middle School Classrooms

	“Green Machine” Fuel Cell Kit
	Hilton Head HS
	Supports FIRST Robotics competition

	Citizens School for Fuel Cell Technology
	Chris Toumey (USC)
	7 week curriculum 

open to the general public

	Hybrid Battery-Fuel Cell Segway
	Hydrogen Hybrid Mobility
	Design and construct 2 prototype units (new start-up company)

	Fuel Cell Cameras
	SCETV
	Purchase 2 cameras and supporting infrastructure

	Portable Power for City First Responders
	Columbia Department of Homeland Security
	Purchase 2 units and supporting infrastructure

	Portable Power for Army First Responders
	USC Research Foundation
	Deploy at Ft. Jackson to help seed follow-on Partnerships with DoD

	5 KW Fuel Cell for Backup Power
	Benedict College
	Install in Project SUSTAIN building on campus

	Fuel Cell Fork Lift Demonstration
	Hydrogenics, LiftOne, Air Products
	Test 2 fork lifts at 6 SC warehouse facilities


· Discovery Phase Awards 
· Development Phase Awards

· Deployment Phase Awards

Table 1:  Summary of Phase 1 Fuel Cell Challenge Project Awards

These 10 projects included:


a.  Develop a concept design and content plan for a hands-on exhibit for the EdVenture Children’s Museum in downtown Columbia.  The award would provide funding in the form of a planning grant that will develop a hands-on exhibit on alternative energy technologies, specifically including fuel cell technologies, and the changing global environment.  This design ultimately will lead to a 2,000 square foot exhibit that will be featured at the EdVenture Museum beginning in early 2009, where it is expected to educate more than 200,000 visitors annually.      


b.  Develop a K-12 educational program for public and private schools.  The award would provide funding to design and develop tailored educational materials and appropriate curricula, coordinate with school district administrators and educators to satisfy state-mandated learning objectives, train a core team of teachers, and pilot each curriculum in one or more public schools.  The initial “target audience” would be middle school students in two different South Carolina school districts.


c.   Support the FIRST Robotics “Green Machine” high school competition.  The award would purchase the fuel cell kit to enable participants in the annual FIRST Robotics high school competition to compete in the inaugural “Green Machine” competition, which is a subset of the overall competition limited to teams who power their robots with a fuel cell.  The regional competition for FIRST Robotics occurs each spring at the Colonial Center in downtown Columbia, and draws active participation from the University of South Carolina’s College of Engineering and Information Technology.    

d.  Develop a South Carolina Citizens’ School on Hydrogen and Fuel Cell Technology.  The award would provide funding in the form of a direct grant that would develop a Citizens’ School outreach program focused on fuel cells and the hydrogen economy.  The program will help non-experts acquire the background and confidence they need to claim active and constructive roles in processes of fuel cells and other energy policy.  The program will consist of six to eight sessions, ideally including six presentations, a tour of one or two scientific labs doing research on fuel cells, and a roundtable discussion at the last session.  

e.  Form a new business to develop and deploy fuel cell – battery hybrid Segway personal transporters.  The award would provide funding to modify existing Segway personal transporters to accommodate a fuel cell power source to provide additional peak power and/or range, and deploy these units in visible applications on the grounds of the University of South Carolina campus and in public applications within the City of Columbia.    


f.  Deploy portable hydrogen fuel cell batteries for television camera applications.  The award would purchase two “off-the-shelf” hydrogen battery packs and supporting infrastructure, and provide them to the South Carolina Educational Television (SC ETV) station to demonstrate the utility of hydrogen powered batteries as a substitute for conventional battery packs for use in the television industry.  The project will expose the television industry directly, and the general public indirectly, to leading edge fuel cell technology resident in Columbia, SC.  


g.  Deploy fuel cell portable power systems for use by first responders and law enforcement officials.  The award would purchase fuel cell portable power systems and deploy them with the Columbia Department of Homeland Security officials.  The objective of the project is to provide first responders with new advanced technology that will help them improve their response in emergencies, and to help the region establish a leadership role in developing regulations and infrastructure support for the new hydrogen economy.   


h.  Deploy fuel cell portable power systems for use by first responders and law enforcement officials at Ft. Jackson Army Base.  The award would purchase fuel cell portable power systems and deploy them with the Fire and Police Departments at Ft. Jackson, South Carolina (located in Columbia).  The objective of the project is to build mutually-beneficial public-private partnerships between the Fuel Cell Collaborative and the staff at Ft. Jackson such that the Fort can become a “technology showcase” for the thousands of Army soldiers who train there every year, and the partnership can lay the groundwork for future collaborative projects.


i.  Deploy a fuel cell back-up power system for the Benedict College Community Center in Columbia, South Carolina.  The award would purchase and install a 5 kilowatt fuel cell to provide an educational and experimental opportunity for local students and may be used for job training by Benedict, local county schools and other students in the area.  The project will expose utilities and governmental compliance agencies to emerging fuel cell codes and standards to foster greater acceptance and understanding of their applications.

j.  Demonstrate fuel cell – powered fork lift trucks at multiple warehouse facilities in and around Columbia, South Carolina.  The award would deploy two fuel cell – powered fork lifts for a period of two weeks each at six businesses whose current operations require a fleet of battery-powered fork lifts.  The objective of the project is to help “seed” a new product line for alternatives to battery-powered fork lifts for selected material handling fleet customers whose trucks are required to operate 24/5 or 24/7 in air quality-sensitive environments.  
Of the projects summarized above, all but the Benedict College project are ongoing or complete.  The timing of the Benedict project depends on completion of restoration of the entire building that will serve as the installation site; funding for the restoration is being provided through a U.S. Department of Housing and Urban Development grant.  
5.  The Challenge of Permanent Hydrogen Fueling Infrastructure

In the spring of 2006, the Columbia-based hydrogen and fuel cell stakeholders were approached by the Center for Transportation and the Environment (CTE) and invited to join a project team to propose against a solicitation issued by the Federal Transit Administration (FTA) for its National Fuel Cell Bus Program.  The Columbia-based partners included the University of South Carolina, SCRA and the Central Midlands Rapid Transit Authority.  The CTE proposal involved designing and building “from the ground up” a commercial transit bus with a hybridized battery – fuel cell propulsion system, and testing the bus in multiple climates and topographies.  In October 2006 the CTE proposal was among those selected for funding, and Columbia received the news that it would be “hosting” a year-long demonstration of a state-of-the-art transit bus beginning sometime in late 2008.

With the announcement earlier in the summer of 2006 that Columbia would be the host city for the 2009 NHA annual conference, the timing of the bus project offered the region an opportunity to showcase not only its current array of demonstration project activities, but also to signal its long term commitment to the goal of developing a robust hydrogen and fuel cell economy.  That signal would include installation of the city’s first hydrogen fueling infrastructure.  In January 2007, the Collaborative issued an RFP under the branding of the Fuel Cell Challenge to fabricate, install and commission a permanent hydrogen fueling station with the goal of having the station available to support the FTA project in the near term, and attract follow-on transportation and mobility applications afterward.  
As the choreography of executing two large, first-of-a-kind, separate but inter-dependent projects progresses, the hope is both the FTA bus project and the Columbia hydrogen fueling station project will come together in a way that maximizes availability of the permanent infrastructure for supporting the bus during its operation in Columbia, and that both projects will be operational for all the NHA 2009 attendees to observe.
6.  Fuel Cell Challenge, Phase 2
In the initial year of activity for the Fuel Cell Challenge the management team purposefully awarded a large number of smaller projects to “seed” activity across as wide an array of the innovation pipeline as was achievable.  In the second year, the strategy shifted toward focusing on near-term commercialization opportunities, particularly those where a clear path toward job creation could be demonstrated.  During the welcome reception for the October 2007 NHA Topical Forum “Uses of Hydrogen in the Military,” which was held in Columbia, the management team announced the release of an RFP for phase 2 of the Fuel Cell Challenge.
Responses to the RFP were received in November, evaluated by the Fuel Cell Challenge management team, and a slate of three proposals was endorsed by the Executive Committee of the Fuel Cell Collaborative in December.  A fourth award was approved in February 2008.  While the number of phase 2 awards was less than half the number of awards in phase 1, the average project total cost for phase 2 awards was nearly four times that from phase 1.  Two phase 2 awards produced agreements to establish spin-off entities from existing hydrogen and fuel cell companies in the Columbia region; a third transitioned a local start-up company out of an incubator and into a facility that will permit on-site commercial operations; the final award supports a major equipment and facilities upgrade at Midlands Technical College to provide the college state-of-the-art hardware in support of its world-class fuel cell technician training curriculum. 

7.  Next Steps
Since its conception the Fuel Cell Challenge has been managed in an agile, adaptive fashion with the ultimate goal of developing and growing a vibrant hydrogen and fuel cell economic cluster in the Columbia, SC region.  The construct of the “Innovation Pipeline” has proven successful in identifying opportunities in this space and matching those opportunities with resources (organizational and/or financial) that could be leveraged to provide the optimum outcome.  Because an overriding factor in the long term success of this economic development initiative rests in creating markets for hydrogen and fuel cell products (both locally and nationally), future phases of the Fuel Cell Challenge will continue focusing on facilitating early markets for hydrogen and fuel cell products.  
Although the Greater Columbia Fuel Cell Challenge has solicited its projects to date through a formal RFP process, there are additional sources of funding for certain hydrogen and fuel cell projects sponsored directly or indirectly by the state of South Carolina.  The management team of the Fuel Cell Challenge would be most interested in discussing project concepts and opportunities at any time, whether there is an active RFP or not, and will work with individuals or companies desiring to create hydrogen and fuel cell markets in the Columbia region to explore methods for advancing their concepts.
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