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Eighth-graders use
a hydrogen fuel ===
cell to make

ice cream and
educate the public
about clean
hydrogen energy.
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by Christine Parra,
Susan Ornelas and
Jim Zoellick

——

Joanme Arguelfe and faclyn D'Arcy.

OW‘ Nieale DArcy, profect dircclor, seeves up fce cream made with H':lt-.ﬂ;l}-'dﬂrgl:'u feied eoll fo
9 studemts {from right to fefty Cody Youny, Brian Hoslelter, Maro Van Valer-Camphell,

committed citizens can change the world.
Indeed, it’s the only thing that ever has.”

When Margaret Mead wrote those words, she

may not have realized that the most effective,

“thoughtful, committed citizens” could be chil-

% dren—sludents ranging in age from ten to thir-

@ teen. They're the students of the Merit Academy, a

small, private educational institution located in Santa

E Crug, California. And they believe they have the power

/O &6 ever doubt that a small group of thoughtful,

to change the world. The students are initiating change

by making ice cream using an ordinary electric ice cream

maker powered by a fuel cell system. Two Merit Academy
students tell their storv on page 31.

The system was custom designed and manufactured by the engi-
neers at the Schatz Energy Rescarch Center. At Schatz, we are a
group of engineers and scientists committed to promoting the use of
clean and renewable energy. Our center is located at Humboldt State

University in Arcata, California—the pristine and remote North Coast
where redwoods meet the ocean. Independent thinking and protection of
the natural world are important to us. Many of us have foregone greater

fame and fortune in favor of the peace and quality of life that we enjoy in
Humboldt County.



Our biggest projects include building a
solar hydragen/fuel cell system for our
[oeal marine laboratory; designing, fabri-
cating and installing fuel cell power sys-
Lems for a feet of vehicles in the City of
Palim Desert; and creating poctable luel cell
systems for remaote power, Within a few
weeks, we will begin construction of the
Largest solar hydrogen generation aned dis.
pensing station in the country Lo refuel the
el cell feet in Palm Desert.

The Hydrogenflce Cream
Connection

We are the engineers behind the design
and fabrication of the fuel cell power system
for the Jee cream maker, which we call the
Stack-in-n-Box™, [n this system, hydrogen
slared in o standard lecture bottle is fed 1o
a proton exchange membrane (PEM) fuel
cell to produce DC electricily {see "Stack-
in-a-Box,"” page 32). Our recently patented
low air pressure design ensures a high fuel
cell system clficiency. A small inverter con-
verts the fuel cell’s 12 VDC electricity to 110
VAC clectricity for the jee cream maker.
The ice cream cyvlinder bowl] (the variety
containing a refrigerant within its walls) is
pro-frozen, and eacl bateh of fee cream s
made in aboul 25 minutes, One lechure hot-
tle of hydrogen (56 standard liters [003 liter
compressed]) lasts about 1172 hours, or
long enough o make three batches of ice
eream. We have made the Stack-ina-Rox™
easy to uge and the students have used it
over and over again with a perfect safety
and operating record,

The students have
used the
Stack-in-a-Box™ over

and over again with
a perfect safety and
operating record.

The PEM fuel cell power system Uhat
we delivered o the Merit students has a
peak power of 250°W, which means that it
can run o variety of electrical/ electronic
appliances, We tested the system by using
it to make smoothies in a blender, watch
videos on TV and run a computer. The sys-
tem is portable and independent. You don'l
have te be ina lab to use it. [t can provide

Making a Difference—One Cone at a Time

by Nicole IVArcy

Here at Merit Acaderny, we (e sdents) make
bee creanm using a lpdrogen fuel cell pawered fce
cresm maker, We are concerned about the future
and are leaming aboul the hydmgen economy,

Puring o class dobate in January 1998, we con-
siclered the issue of whether militany force should
be wsel against Saddam Hussein in Irq.
Recogmizing not only Ul Irag and the Persian Gull
harve some of the world's mador fossil fued resenves,
Litat s thiat Adse meggicon has been politically unstalile,
wie dliscussed the need Lo ook for albernative fucls,

W concluded that by replacing fossil fucls as
{he nadion's primary cnerey sonree with something
clean, renewable and domestically produced, U.S.
ddependency on Persian Gull ail eould be elimina-
edl. In aldition, thers would be environmiental ben-
efits from net nsing fssl fuels. Alr, water and soil
pollution, acid rain and the
grécnhouse elfeel are prob-
lems that can be reduced or
climinated with the substihe
Uon of clean enengy sounces,
With this in mind, we dis.
cussed enerry sources inchid:
i solar, wissd and lpdropea
er, with bydroren as a stor-
dgre medium,

Cur sehonl administrator,
Susan Tatsui-D'Arcy, hegan
researching makers of hydre
gen fuel cells. Afler talking to
people at several organiza-
tions, she was directed lo Tir.
Peter Lehman of the Schatz
Envrgy Research Center, He
apreed Lowork with us.

Ty first task the Schatz
Coprieers mwve us was o “determine the lowd.”
What would we vse the fuel cell power system (o
run? A edeetrie woathbrish? (Mo fun) A laiedrer?
(i enerpy hoge) Finally, we settled on an e cream
maker, Everybody likes jee eream!

We mel the Schatz team at Humboldt State
Univeesity i Novernber of 1995 to bearm about the
solar hydrogen cyele and how fuel cells work, s
will &5 to build a foundation forour work together.
Merit Academy received a 530,000 grant from the
LS. Depariment of Energy (DOE) to build the
Tvdrogen fuel cell. We subcontracted Schalz to
design the fuel cell stack and integrte i inlo @
power system, Once the fucl cell stack parls were
fabaedeated, twer of us traveled to Sehate bn January
1998 tor nissist in assembling the stack, A manth
Titer, Sehatz staff delivered the fuel cell power sys
fem Lo us in Santa Crug,

We have been taking the hydrogen-powered
fce cream maker on the road to dillerent high
sthools and elementary schools, public and pri-
vale, lo show other young people how hyvdrogen
works as an alemative eoengy storage medivm. In

Nicole IXArcy I'Fgﬁl'-eus the bolls on
the fuel cell stack,

aldlition, we were invited and finded by DOE o
exhibit in Washingron, D.C,, at the Nalional
Hydrogen Association's Annual Conference in
April 155

DOE alsa browghtus back to Washington, D.C.,
two wieeks later bo the Renosabbe Encrgy Cauens.
We met people from all areas of the renewable
energy infrastmoctune, Describing how our fudl cell
works and discussing the hydrogen economy with
members of Congress and atlendees wis exciting,

Entering the building with our lydrogen lecture
botthes was an event in itself, Even thougl DOE
fnaneed o i so we could present te Geel ool
the LL5. Capitol Palice wouldn't et us in the buitd-
i with hydragen gas—il was against regulations,
Weehad ta call in the homb sepuid wnd the police to
check out the halliter canister of hydrogen. And
airline secunty guirnds think
that our fizel cell is a bomb, 0
when we ship the fuel cell,
we expect delays and exien-
sive questioning,

While in Washington,
LE, a South Coast Air
Chuabty Mangement Lhstrict
(SCARMID) manager fram
California offered to finance
e e o et e fuel cell
it the National Marketplace
for the Envirenment in
L= Anaheim, California, and the
i = Envirosment Youth Summi
a in Diamond Bar, Califonia.
3 We have even received inv
tations Lo exthibit our fuel cell
in China and Japan, Serving
ice ereamn At student eanfer
ences always makes our extibil very popalard

At the same time, we have been tiking a uni-
wersity-leve] chemistry elass, and Tave completed
aur research reports about various ispects of hydro-
gren, These reparts are avadlable i the public by call-
ing s at Merit Acadenty of wisiling our weh site,

We helliese we have the enthusiasm and poten-
tind to educate the pubkc about renewable encrgy.
Through our eiforis in the media (elevision news,
radin talk shows, TV dicumentanes and newsne-
pers), a5 well as at conferences and schools, we
Tiope 1o bring attention Lo hvdrogen as 2 viable and
clean carrier of renewalbe enengy. Our goal is o
demonatrate the hydrogen fuel cell in third-world
eouniries to encourage the youth o develop renew-
able clean energy.

Nicote IVArey is an elghilgrade shudent af e Merit
Academy, B0 Hor 2988, Sante Cruz, Califeria
BEOGT, (8310 JR25655, FAX (831 JE20506, e
marl; merbEmertieorid.com, web sife: wwe, merri-
jwerld comy meritwortd.



Ayarogen-rowereq ice Lream

electricity anywhere and anytime—aon the
beach, in the mountaing and at a picnic,
day or night,

Because of their extensive nationwide
demonstration schedule, the students now
Tenow a preat deal about the evervday oper-
ation of our Staclein-a-Box™. With their
natural ability to connect with people, they
are effective at communicating technical
information without getling bogred down
in lengthy explanations, as adults might,
They are adept at starting up the system
and at exchanging empty cylinders for full
ones. Even more important, they are good
al thinking through what's going on as they
perform certain operations, and they have
even done their own troubleshooting and
experimentation. In other words, the fuel
cell system provided more than an oppor-
funity for demonstration and rote learn-
ing—it was an invitation into the world of
science, which the students accepted with
enthusipam,

Why Fuel Cells?

Since the beginning of the Industrial
Eevolution, heat engines have generated
electricity and produced mechanical power,
Heal engines produce electrcity in multiple
steps, First, a fuel is burned (o penerate
heat, This heal is then used 1o produce
stearn or olher hol gases that are allowed Lo
cxpand and produce mechanical power,
The mechanical power 18 used to turn a
peneralor and produce electricity. Bul with
each of the steps deseribad above there
are inherent inefliciencies. [n additon, the
exlraction, refining and combustion of fos-
sil fuels produce harmbul emissions as well
as political problems.

In contrast, el cells extract the chem-
ical energy of hydrogen one molecale al a
lime rather than burning it in bulk (see
“How does a Fuel Cell Work?,” page 35,
Inside each cell of a el cell stack, hydro-
gen and oxyeren combine to form water.
For ezch hydrogen molecale that is oxi-
dized, two elecirons are pushed through
an exlernal circuit o power an electrical
load. The ooly byproducts are waler and
heat. There are no harmbl
emissions. Fuel cells penerats
electicily efficiently, cleanly
and quietlv,

The hydrogen Uiat [uels a
fuel cell svstemn can be derived
from water using alectricity
from the sun or wind. In this
process of electrolysis, pass-
ing electricity through waler
causes it o splitinto s com-
ponents, hydrogen and oxy-
gen, The hydrogen is captured

for use in o fuel cell, In this way,
hydrogen can store solar, wind
and ather forms of rencwalble
ENergy,

We can transport hydrogen
from arens of the country or
waorld that are rich in renewahle
energy resources (such as
deserts) to cities, where the
energy demand far outstrips the
renewable energy supply, In
addition, hydrogen allows usto
concentrate salar or wind ener-
#v Tor applications that require
large amounts of power, such
as vehicles, In short, using
hydrogen makes it possible to
stare, transporl and concentrate
renewable energy, which is
available only at certain times, in
certain places and in diffuse
amounts, Hydrogen makes a
sustainable energy cconamy
possible anywhere, anvtime and
for any application.

What’s Next?

Although the science behind
fiel cell operalion is nol new
(the first concept cell appeared
in 1839, developed by Welsh sci-
entist Willinm Grove), the tech-
nology is stll in its infancy. The
firsl el cell slacks were
imstalled by Allis Chalmers in
traciors in LH5, Then hey were
nsed in aerospace in the 1963
CGremini space missions and the
1968 Apolle moon missions,
Today, fuel cells are uzed on the
spice shullle and companies are
developing fuel cell svstems that
will eventually provide power to
cans and buses as well as homes,

Fuel cells work. The bigrest
remaining challenge is cost.
The materials cost [or the Stack-
i B ™ was SLOG0, Bul then
all protolypes made in laboralo-
ries are expensive. Not long
agn, you conld spend as much
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Homw Daes it Work?

The Schury Stnck=-im-p-Hox™ is o clean power
generalor that uses a fuel cell stack (o generate
electricity from hydrogen fuel, Hydrogen is
supplicd from a standard cylinder U through &
prressure regulstor omd supply valve 2,

1o the fuel cell stack.

Cryoen is supplied by an air blower 3.,
[ electricity is gencrated in the fuel cell stack

from the combination of hydrogen and oxygen 4,

The 12 volt DC power from the stack 15 inverted
10 120 volt AC power 2, The ice cream
maker is plugped into the inverter,

The hydrogen purge is used at start-up 1o flush

the Meel cell stack 60, Sinee only the oxygen [rom

the air s utilized in the stack. excess air flows

throvugh the stack to the aic exhaust 7 Water thal is
generated in the stack is removed 25 8 vapor in the sir

exlnust, The meters monitor the Tuel eell
currant and volage 8.

by Susun Omslas

The Stack-fn-a-Box™ s easy o use and trans-
port. making it an ideal educatiornal fool.
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4 Al Froton Hydrogen

T Electrode Exchange Electrode

l {Cathode) Membrane (Amode)
H.0 Platinum Platinum

1 Catalyst Catalyst

How Does A
Fuel Cell Work?

0, ifrom
it M,

A proton exchange membrane (wel cell consists of
two electrodes sandwiched around an electrolyie,
the proton exchange membrang. ' Hydrogen fucl
is fed ino the anode where, (2 in the presence of
platinuem, the hydrogen molecules give up elecirons
and form protons (H L

The proton exchange membrane will allow only the
proton 6o travel through the membrane, Y The
clectrons travel in an external circult to the cathode,

Surean Tatsui L} Arcy

Lehman fdirector of the Center) fooks on.

as $400 on a new caleulator (and this was
n't even the prototype), while today you
spend $20. Better manufacturing tech:
niqucs, aulomation, design improvemenis,
volume component purchasing and mass
production all will work wgether to reduce
the price of fuel cell systems, The intro-
duction of these syslems in niche markets
that can support high peices in exchange for
quiet, clean, reliable, remuote, power is cru-

Hydrogen makes a
sustainable energy
economy possible

anywhere, anytime
and for any
application.
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Ron erd !'m;-.! n;-.H spectalist at Schatr Energy Research Center, assembles the fuel cell
stack with Merit Academy sfedents Nicole DFArcy (lell) and foanne Arguello (right). Peter

cial. Such an introduction will allow
fuel cells to start their march down
the learning curve and become
alfordable in more and more appli-
calions,

The experience of the Schatz
Center and the Meril Academy
demonstrates that fuel cell power

creating electricity,
form water. 4
The nét result is that hydrogen's natural tendency to

combine with oxygen and Torm water is ulilized 1o

determines the current of the stck, and the number

4 The protens flow theough
the menbrane Lo the cathode, where they
recombine with the free cloctrons and oxygen 1o
The platinum catalyst assisls in this
reaction also,

produce electncity efficiently and cleanly.

A fuel cell sunck is made up of a serics of these
inilividual cells, The surface aren of the ccll

of eells i the snek determenes the voltige,

by Saisnn Oinelis

syatoms work reliably anel can be

operated safely. These systems are ready
now o work in conjunction with renew.-
able energy systems. Our sociely is on a
path of reexamination—of rethinking how
we spend our nation's financial and natural
resources; of valuing clean air, waler and
soil; of opting for simplicity of hfestyle; and
of understanding the difference between
true needs and manufactured desires. One
day, voluntarily or not, we will replace our
fossil fuel cconomy with a conservation
based renewable energy/hydrogen econ-
omy. In the meantime, small groups of us
continue to work o overcome the hurdles
of cost and public acceptance, and to
improve the technologies that will make a

renewable encergy economy possible,
This project represents one step in our
efforts. Working with students from the

Merit Academy reminded us to hang on lo
our convictions and to have lun as we do
our research. We were heartened by their
indefatigable eagerness to leam, their bold-
ness and their effectiveness as renewable
encrgy advocates, Students and engineers
make a powerful leam, one that combines
strong science with the magic of young
dreams—dreams that have the power to
change the world. ©

Chrisfine Parra, Susan Ornelas and fim Zoellick
are research engineers al the Schalz Enengy
Kesearch Center, Humbaldt State University,
Arcata, California 955219299, (707} B2=I345,
FAX (707) 826=1347, e-mail serc Baxehumbold!,
edu, web site: wiw humboldl edu, ~serc/index,
shiml. More pirotes of the systemt con be found on
tie web al; o aomboldt edu/-news/phofis/
serc/index2 shiml

el



