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Highlights
Governmental and Cooperative Support

AHighly proactive government initiatives spanning the federal to local level, iB€Skngtor Lindsey
Grahamserving aso-chair of the Senate Hydrogen and Fuel Cell Cauc8€aDdngressman Bob Ingliso-
chairinghe House Hydrogen and Fuel Cell Caucus.

AThe Sout hHydbogen mfrastmucuie Development Actstrivesto further the creation of a sustainable
foundation upon which a hydrogen economy may develop acstagethdt allocates $15 million in grants to
companies dedicated to hydrogen and fuel cell develodiere.are alsoansiderable concentration of hon
profit organizations aiming to support the growth of fuel cell technology and usage inrttlediagetheSC
Hydrogen and Fuel Cell Alliance the University of South CarolinaandCity of Columbia Fuel Cell
Collaborative, andFuel Cell South

AShannon BaxterClemmons, Ph.D.,is the executive director of the I9¢Irogen and
Fuel Cell Alliance.

: =
Research and Development

AA wealth of R&D facilities cooperatively working to advance the hydrabirel cell economy in South
Carolina, including ti&avannah River National Lakand theCenter for Hydrogen Research

AUniversity initiatives diligently working to advance technologies aimed at supporting the hydrogen and fuel
economy, inclidg Innovista, and theNationalScienc& o u nd at i o n &-Wniversityt Goopératid&Ds t r y
Center for Fuel Cellsdedicated to fuel cell technolagyheUniversity of South Carolina (USC)andCU-

ICAR atClemson University.

ATheSout h CCeneosslof Encacing Excellence Program desi gned to expand
in highgrowth, knowledgbased industry sectors includiggrogen and fuel cell technology. Thisdwh® the
recruitment of some thedmgorl|l dés preeminent scien

Dr. Kenneth Reifsnider,joins the University of 8th Carolina from the Connectic
Global Fuel Cell Center at the University of Connecticut.

Economic Excellence in Polymer Nanocomposite Research.

Manufacturing Capacity

AAn extensiveetwork of technical collegagporting the advancement of mastifring in the state, including
ReadyS@hichprovides a selected and trained workforce whibles companies to become operational quickly
throughtailormade training, at little to+oost for the company.
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Executive Summary

South Carolina recognizdmat to succeed in the hydrogen and fuel cell industry, it must act diligently, bring
together its individual strengths to leverage in a concerted effort to make it competitive with others nationall
i nternational ly. Tldndi &f proactive lgovertiment suppart, esearch and deyelopmer
investment, and manufacturing strengths, South Carolina offers an advantageous location for encouraging
fuel cell development. The state has dedicated itself to growing a vibradgkbasdel economy that includes

hydrogen and fuel cell technology, and to establishing the foundation for research and commercialization a

through a combination of efforts including:

Multi -level Governmental Suppoft From as local a level as atividual city, up through the county and
then onto the federal level, South Carolina has demonstrated its willingness to position itself as a
pl ayer in the fuel c e |-sbonsoreddressatch and develdpment pofjrantise 6
thefederal and state lefieds well as private initiatives, are all designed to promote economic developm
with many specifically designed to assist companies in implementing new technologies which
immediate commercial potential.

Research and Develamentii There are a plethora of hydrogen and/or fuel cell related programs at Sou
Carolinads research universities (Clemson Uni
(the Savannah River National Lab and the Center for HydrogerciResdamthermore, an array of
programs demonstrating synergy with fuel cell innovatmmsposites, automotive technology, and
nanotechnology are also at the forefront of the research agenda at these R&D facilities.

Manufacturing Prowes$i South Carolinaffers the perfect site for maaaturing, with a statewide
netwak of resources, including abundant,-¢ost industrial utilities and infrastructure resources, and &
superior transportation network that allows any company a true competitive advesagtengths
manufacturingerfectly poises South Carolinde a key manufacturer of hydrogen and fuel cell products
enabling the state leverage its manufacturing prowtesicilitaea companyds abi | i
production and manufartng of fuel cells.South Carolina has over 50 statutes which provide financia
advantages to manufacturing in the state.

Overall, in order to capitalize upon these assets, South Carolina is working hard to create an ideal environn
all users andevelopers of hydrogen and fuel cell technology. Government, industry, researchers and cons
are all coll aborating to promote the stateds goa
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Governmentand Cooperativdnitiatives

Leaderdan South Carolina have identified hydrogen and fuel cells as one of 14 key industry sectors in the
Public support of hydrogen and fuel cell technologies begins at the highest federal level and@enédrébtes

city level Our s tmert detnenstrates mrsteadfast and unified approach to the commercializatior
hydrogen and fuel cell technologies.

Federal Support

South Carolina Senator Lindsey Graham serveshaicof the Senate Hydrogen and Fuel Cell Caucus and is
strong adveate of hydrogen and fuel cell technology. Senator Graham introducé&titdee & bill meant to help

overcome the technical challenges related to using hydrogen as a widely available and abundant fuel sout
January 2006 speech, Senator Gralmmidi f i ed Sout h Carolinads 1 ndi ge
fuel cell technology in saying, OWhat Detroit wa

Likewise, South Carolina Congressman Bob Ingikais the House Hyagen and Fuel Cell Caucus and
similarly promotes South Carolinads resources.
devotion to this technology and most recently successfully rallied to restore federal funding for hyfrelgen ar
cell research.

South Carolinads Washington del egation shares a

Gresham Barrett al so speaks publicly on the i ss

Carolina is ding the world in hydrogen research and together we will move our nation toward the President
of replacing more that 75 percent of our oil imports.”

T South Carolina

State Support
Legislative Support

In addition to the high levels of leadership on the fedezal lev Sout h Car ol i nads st a
to developing the stateds hydrogen and fuel cel
I nfrastructure Devel opment Act (S. 2 4&Btainable fauhdationA c
upon which a hydrogen economy may devel op across
years that will be leveraged with other government and private industry funds to advance the commercialize
hydrogen and fuel cell technologies; to encourage the development of partnerships between state groups an
outside the state; and to promote hydrogen and fuel cell development and usage in the state.
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Gubernatorial SuppodtStatewide Organizations

Sauth Carolina Governor Mark Sanford has continued to emphasize the support of building a sustainable hyc

and fuel cel | economy to secure the stateds ener
Sanford formed the South Clara Competitiveness Initiative, bringing together government, business a
academia to capitalize on South Carolinads stren
one of its focus clusters and Governor Sanford has contnuesit r ess i ts rol e in Sou

SOUTH CAROLINA HYDROGEN
AND FUEL CELL ALLIANCE

Governor Sanford was crucial in forming the SCHiF®& South Carolina Hydrogen and Fuel Cell
Alliancen aspart ofacollaborative coordination of resources in the state in order to grow the econonaes of Ic
communities, the state and the nati on; to enabl
advance the commercialization of hydrogen and fuel cell technology.

Through thicollaboration, South Carolina is garnering natiotah@mational attention for its capabilities. In its
first year, SCHFCA was selected to host the 2009 National Hydrogen Association Conference in Columbia, !
hassponsocedt he As s oc 2608 HaUnSiuslent D@digi@ Competition. SCHFCA alsarextghe
Hydrogen Education Tour, a traveling educational exhibit that gives people the opportunity to see, lear
experience the future of hydrogen through interactive pavilions and displays.

In March 2007, Shannon Bax@emmons, Ph.D. joined thdliAnce as Executive Director after leading the
development of the California Hydrogen Blueprint Plan, which was adopted by Governor Schwarzenegger |
2005. She also contributed to the development of the California Fuel Cell Partnership and noanizegyeaf a n
landmark studies on the commercialization of alternative fuel vehicles.

TS CRA _ _
South Carolina Research Authority

The South Carolina Research Authority (SCRAS$ a $90 million per year global leader in applied research and
technology transfer ses@s. In the fall of 2005 SCRA expanded its business and joinedidestffert to

facilitate the discovery, development and deployment of critical segments of the hydrogen economy for the
betterment of the state. In 2007 SCRA was designatedih laweas e x ecut or f or t he st
Infrastructure Development Fund. Through its longstanding partnershipssteta research entities and its
proven record icross industry collaboration via active research networks, SCRA istiwa#gtsihelp

government and industry partners solve specific applied research and commercialization challenges present:
emerging hydrogen economy.
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SC Launch!was created to facilitate applied research, product development and
( SC S commercializationrpgrams Some areas of focus for the organization include

ol LAaUuncn hydrogen, fuel cells and alternative energy, automotive, and engineering and
chemicals. SCLaunch isinvolved in each step of the innovation pipeline, from
discovery through development and deptoyntontinuing with support during
later commercialization activities. They alsogifiets, loans and equity investments, whilpraisaing its
clients for angel and venture capital imvest Other activities include providing a matching SBIRSjfant
program, as well as counseling, mentoring and training through SCLaunch extensive connections with the bt
academic and economic development sectors in the state

An SCRA Collaboration

County Support

South Carolinads countiesehavataealbso hybhdowgehhaind
Aiken County completely funded the construction of the Center for Hydrogen RéSe#Ela $10 million
facility specifically designed to facilitate cooperative research among the Savannah Riveabdedimng| L
universities and industry

The aim of the CHR i® develop new products and services necessary for the emerging hydrogen and fue
economy. Ronnie Young, Chairman of Aiken County Council said, "The Center will showcase local @apabil
the world, and provide an opportunity to inform our citizens on the needs and many benefits of hydrogen &
future energy source."

City Support

South Carolinads cities have begun to showMdrchei r
2006, theCity of Columbia Council members unanimously passed a resolution supporting the city's objectiv:
become a leader in fuel cell innovation. They also created the Columbia Fuel Cell District. The vision for th
Cell District isd assemble the talent and assets required to build a

fuel cell cluster that will foster economic prosperity for the region,

focusing on an Oi nnovation Gnéo' from di
- . . |a Fu ell Disgp;
development to deployment. Columbia is an ideal city for the f||§t°‘““$ 'st"ct

................................
Buitdin o ree The Columbr: a Re;

planned edto-end Fuel Cell District because it has existi i WS,
research strengths in fuel cells at the University of South Caroli ~ /“ 1
the focus and coll aboration oL ;/“;_g‘_l_ﬁ”"pol
academic leaders, and adequate resources to implement the Visi i g
The project will integrate education and outreach prograns, —
hydrogen production sites, storage and distribution locatien s
including fueling stations, and multiple -esel applications to [ =l :;‘13:3.
create the nationds first end to end fuel cel | d



S GHYDROGEN AND FUEL CELL ECONOMY

International Partnerships

Queensland, Australia and South Carolina share -atatsteelationship dating from 1999 that includes scientific
and cultural ties. The University of South Carolina is leading joint efforts in developing hydrogen energ
commecializing technology with the University of Queensland, which leads the National Hydrogen Mate
Alliance. BrisbafieQu e e n s | a i dild st the 2008 Warld Hydrogen Conference in June 2008, of whic
South Carolina Hydrogen and Fuel Cell Allisreeponsor.

Columbia also hosted tBad Annual Kore&JSA Joint Symposium on Hydrogen and Fuel Cell Technologies i
May 2007, providing an international forum for the presentation and discussion of hydrogen and fuel cell r
topics. The symposiuntratcted participants from various industries, government agencies, research institutes
universities in both Korea and the United States.

Public-Private I nitiatives

South Carolinads assets for pr omot i anrnymbéryfdprivatg and
publicly funded organizations devoted to advancing the commercialization of this technology thrc
demonstrations and targeted projects. South Carolina has a long history of hydrogen and fuel cell developm
stems back desas through the research and development projects of the Savannah River National Labor:
New and innovative partnerships continue to be m

Fuel Cell Collaborative and the Fuel Cell Challeng

TheUniversity of South CarolinaCity of Columbia Fuel Cell Collaborativevas formed by the University of
SouthCarolina, the City of Columbia, EngenuitySC and the South Carolina Research Authority to position
Columbia, SC as a leader in hydrogen filigireevation and technology. Its mission is to attract private sector
partners, top fuel cell scientists, entrepreneurs and innovators to the ColumbiBhegianpose of the Greater
Columbia Fuel Cell Challenge, an initiative of the Fuel Celb@died) is to collaborate with private sector
leaders from all areas of the fuel cell market for the unprecedented deployment of fuel cell and other alternati

energy technologies into multiple city, university and commercial applications througigom the

< R E AT E R [ @ o L u M B 1 A

CHALLENGE

As a focal point for thEuel Cell Challenge Co |l umb i a 0 s wilFioteglate €tlechtion abd ostreach c t
programs, hydrogen production sites, storage and distribution locations including fueling stations, and multipl
use applicatian The vision for the Fuel Cell District is to assemble the talent and assets required &l telild a fu

cluster that will foster economic prosperity for the region.
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FuelCellSouth

FuelCellSouthoffers a regional platform for the making of thedekkbnd hydrogen marketplace with the
support of industry partners from around the gléteelCellSoutts focused on capturing the unique window of
opportunity to bring together fuel cell researchers, entrepreneurs
and existing business in an environrext is charged and
ready to deliver fuel cbsed solutiorie the marketplace v =5 : o
today.Asa 501 (c) 6 organization whose core mission is to 23 I ome to Fge_ICeIIS_oyth;;; '

; Fostering Awareness and Creating Market
foster awareness and create the marketplace for fuel cells i Opportunities for Fuel Cell Industry-Growth -
southeastern United Stati® organizatiowas formed as an - : ~.
outgrowth of the collaborative work between industry and
researchers to identépdindex the opportunities for
collaboration in the delivery of fuel-balked solutions in the commercial and consumer makketg.deliverable
from this work has been the characterization of key barriers to market adoption and industry growth for fuel ce
products and services.
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Research and Developnier8avannah River National Lab

Savannah River National Lab (SNRLL

A_ SRNL

SAVANNAN RIVIR NATIONAL LABORATORY

Nearly 100 hydrogerlated scientists, engineers and technicians are emplSiRdlaimore than any other
research site in the world. SRNL is working on technologies to make practefééctostenergy altatives

and to make clean, hydrogen fuel cell vehicles a reality in the future.

Building on more than 50 ye

technological achievements, the laboratory appliesfdta@rt science aimed at providing practical;\agkre,
costeffective solution® complex problems, including production, separation, and storage of hydrogen.

Production

SRNL expertise is focused on a number of initiatives to find the cleanest, mesffieramgyethod for

releasing hydrogen and to develop clean, safeffeoste methods of producing hydrogen. To this eeddmg

team of industrial and academic partners are analyzing the technical and economic issues associated with th
production of hydrogen, with a particular emphasis on hydrogen infrassaoas.eFurthermore, they are also
studying the use of biological sources, such as microalgae, to produce hydrogen.

SRNL ACHIEVES MILESTON
ROUTE TO HYDROGEN
ECONOMY

SNRL successfully completedl00
hourlong demonstration of the
sulfur dioxide depolarized
electrolyzer, designed dalricated
by SRNL, to produce hydrogen
from water. This represents a
significant milestone in the
development of an efficient,
economical process for generating
large quantities of hydrogen to fue
the nationds fu
demonstration showed that the
dectrolyzer can successfully operg
continuously without significant log
of performance

Separation

SRNL has extensive experience in hydrogen separation technology based on
ongoing defense work and continues to developneéwmore efficient

processes. SRNL has recently developed a new patented technology for
separating hydrogen from other gases, particularly carbon monoxide and othe
hydrocarbon combustion products.

Storage

SRNLOs | ong history mehaslediptipeor t f or
development of extensive expertise in technologies for the safe, stable storac
of hydrogen in solidtate forms. SRNL is a leader in the development and
application of technologies that use metal hydrides, which reversibly absorb a
release hydrogen like a sponge. SRNL has developed and patented several
devices using hydride for storing hydrogen, with applications for transportatiol
and other industries.

Current Research Projects

a SRNL researchers are actively i
hydrogen storage, such as materials called alanates, which have hydrc
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storage capabilities similar to the metal hydrides, but are much lighter weight, making themlentoeuséatab
consumer vehicles.

a SRNL is | eading a basic science research proj
carbon nanostructures for hydrogen storage. In this project, they are
studying the physical and chemical properties of these structures, a
medanisms they use to bond with hydrogen. Recent research has
indicated that carbon nanotubes have great potential as a way to stg
hydrogen in a solid structure because they may be able to bond withEig e
amounts of hydrogen at room temperature.

a Sdeddaitchers are at the forefront of research and developme e
gl ass microspheres (glass Obubblesdéd | ess than 10
gl ass storage, combining two of the | aboratoryds

expertise: glass formulation and hydrogenafRbses have successfully produced microspheres with porous wall
all owing them to | oa bsorliing maidnialsbidbadditiondo ite/poteritial sy dafepegsy
to-handle method of storing hydrogen for energy use, this technoladfeesgreat potential in a wide range of

other fields, where the microspheres could be filled with other materials and used as a storage or delivery sy:
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Research and Developnier@enter for Hydrogen Research

CHR

CENTER for HYDROGEN RESEARCH Center for Hydrogen Research

The Center for Hydrogen Research (CHR) was established with the goal of leveraging hydrogen research an
development generated by the Savannah River National Laboratory, industrgnmhrassarch universities.

One of CHROs specific aims is accelerating the d
Scientist are working with Toyota Motor Company and GeneraliMatamg other industrial clieimtat the

only countyconstructed facility in the world that brings together scientists from a National Laboratory and the
private sector for the advancement of hydrogen technology. As a world leader in applied research and devel
of hydrogen, CHR is on the forefronttlé hydrogen economgZore competencies include:

Production

Researchers with CHR have a wealth of experience in producing hydrogen and
tritium, the radioactive isotope used in national defexgerts at CHR are
focusing on a number of initiatives pooducing hydrogelmased commercial
applications using only the cleanest, most eeifiggnt and costffective
method possible.

"As one of the leaders in developing
Storage future technologies that benefit Amer

Just as the safe, efficient storage of hydrogen is crucial to national defensenstnigrs, Toyota is very pleased to

also important to researchiand manufacturers involved in developing Eiﬁgi[!ﬁ'ﬁ: Zi;e”ézrgi'vy:rfé’:;‘mh

motorized or fuetell powered vehicles. Researchers at CHR are focusingdfigib developaustomized lab and
efforts on soliestate storage, as opposed to a liquid or gas, for its safety, support space that meets our specific

. . research need®/hen coupled with
compact size and convenience of storage. CHR's stat®f-the-art research facilitie:

and its relationship with the Savannal
Separation River National Lab, the center is an ic

. . . . . cagmponent in Toyota's hydrogen rese
Researchers with the national lab have vast and extensive expertise in hymtﬁg/gg,, Y yarod

separation including a patented method for separating hydrogen from other

gases, specifically carbon monoxide and other hydrocarbon combustion Chuck Gulash,VP Research &
. . . .. Materials Engineering

products.At CHR scientists ctinue to look for safer and more efficient WaYQyota Technical Center

of extracting hydrogen from water or other compounds for ease of applicatigia Motor Engineering and

Furthermore, the CHR recently rolmd aHydrogen Internal Combustion

Engine (HICE) full-size pickup truckThe vehicle wagqvided by the
Washington Savannah River Company to help advance the development of a
hydrogen refueling network within Ss alsothe first hydrogen powered vehicle
in the stateand demonstrates CBI@etermination to continue at the forefront of
hydrogen research and development.
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Research and Developnietdniversity of South Carolina

As early as the 1980s, hydrogen related research has been on the agenda of
University of South Carolina It was during this time that USC began
assembling @am of nationally recognized researchers experienced in the field:
of fuel cell technology and hydrogen. USC is now leading the transition from
fossil fuels to future fué@sparticularly hydrogen fuel cells. Home to the
nationds only HNaidn indusirg/UnivEsity GooperaiveF o u n
Research Center for Fuel Cells (CFC), research at the Electrochemical Engineering Center(EEC) focuses on
developing novel electroplating processes, new materials for batteries and capacitors and proton exchange
membrae (PEM) fuel cells.

CFCo0s research also includes devel oping new mai
performance of the current collector and cathode in molten carbonat
cells and the performance cathodes for PEM fuel cells thdi odwa
perfected replace thenternal combustion engine for many applicatio
Research is also being conducted to develop a better understanding
to construct from molded plastics and carbon fibers PEM fuel cell
scavenge the electrical impulses released when hydobgeggem form
water. Scientists are also studying how to prevent losses in performance

when these molded parts and the fuel contain impurities as well as investigating alternative hydrogen source
for the reaction.

Such research efforts at US€ehhelped launch three startup companies focused on fuel ifedealretto Fuel
Cell Analysis and Design, Palmetto Fuel Cell Technologies, and DEnergy:

PALMETTO FUEL CELL PALMETTO FUEL CELL DENERGY

ANALYSIS AND DESIGN TECHNOLOGIES

Provides advanced dovare and A hardware company focused on Focuses on new technology fol
consulting services to the fuel cell the next generation of fuel cell compact, economical storage

i ndustry. T h e ¢ cdesign. The company is serving and generation of hydrogen

simulates or models the flow of air the emerging fuel cell industry gas for fuel cell applications.
and hydrogen in three dimensions with designs, technologies and  Their technology involves a

through fuel cells. It also has component products that provide chemical compound that
software products that include lower costs anl higher reliability.  reacts with water to form
subroutines that can be used with hydrogen, and the
commeraally available development of astorage
Computational Fluid Dynamics code. system that uses safe, dry

chemical and water to release
100% pure hydrogen gas.
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~

Innovistan USCB s new i mtegeaepublic and arivdde sectaesearch in higlech, higkdersity
facilities. Central to Innovisiathe Horizon Center whose focus includes,
among other disciplines, a Future Fuels Initiativ€se Future Fuels
Initiativesfocuses on the Electrochemical Engineering Camigwill draw

TNNOVISTA  upon a wealth of expertifer om USC6s National
srrlb ot b A A ot sponsored Industry/University Cooperative Research Center for Fuel Cell
which include major industrial research partners, and extensive collaboratic
with the Savannah River National Laboratoryhrough -collabartive
agreements with the Korea Institute of Energy KR
research has an international presence spanning the globe.

Centers of Economic Excellence

One of t hemineotrfuetdlidesearhgBr. Kenneth L. Reifsnider, joined USC to lead its solid oxide
fuelc e |l | research initiative. He jJjoined the Unive.l
Engineering and Computing from the Connecticut Global Fuel

Cell Center at the University of Connecticut. Reifsnider was
attracted to South Carolina for several reasons, not the least
which is that it i s hNatoml to
Science Foundation Industry/University Cooperative
Research Centededicated to fuelell technology.

The aim of Dr. Reifsngt and USC is to begin building a center

devoted to solid oxide fuell research and to work with fuel cell scieatistengineers at the Savannah River
Nati onal Lab and other research wuni veradofthydeogen ma
and future fuels research. For decades, USC has focused on creating cleaner energy options to reduce def
on fossil fuels, partnering with more than 15 private companies, including General Motors, Boeing, BASF, Jol
Deere, LG Electmics, and the Savannah River National Laboratory.

In 2008, one of the worl dds | eading scientists i
University of South CarolinBr Brian Benicewicz will hold the endowed chair in tBenter of Economic
Excellene (CoEE) for Polymer Nanocomposite Research. His research team is to be located in the Horizon |

buil ding in Innovista research district and wil|l
nanocomposites and fututeé | s . Dr . Benicewicz©6s Thastateof§ouths par
Carolina has created the Centers of Economic Exc

base in the highrowth, knowledgkased industry sectors. elfprogram thus funds research in specific sectors
that show the greatest promise to createshijhhighpaying jobs. Among these are advanced materials,
automotive engineering, logistics, fuel cells and nanotechnology. Regarding fuel celleditaetdandls to
develop Cents which focus on hydrogen fuel cells, solid oxide fuel cells, and renewable fuels.
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