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Cover Photo: The assembled large version of the Lead-acid hybrid supercapacitor/battery is readied for testing at the University
of California, Davis. While not as esthetically enclosed as a production battery, the experimental device provides data to
determine the characteristics of the design.  The lead oxide battery electrode was fabricated using materials from a thin film
Inspiron battery. Carbon sheets 350 microns in thickness formed the negative double layer capacitor electrode, giving it a
2000 m2/gm surface area. The electrolyte is sulfuric acid and the separator is paper. +

Is There A Lead-acid Hybrid BatteryCapacitor In The future?
by Donald Georgi

Dr. Andrew Burke of the Institute of Transportation
Studies at the University of California, Davis, presented
a novel combination of  a supercapacitor electrode
sandwiched with a Lead-acid battery electrode into a
hybrid device which  would combine the high power of
the supercap, the energy of the battery and the low cost
of Lead-acid construction. If successful, it could mark a
new path for the progression of Lead-acid chemistry. +

BattCap continued on page 9

Lead is dead! (?)   Typical comments have been around for the past fifteen years. Such comments are usually followed up  by such
statement  as :  “Oh sure, there are still a few million cars driving around with Lead-acid batteries, but lead is poisonous and has low
energy density. It is relatively safe if you don’t overcharge and ignite the outgassing hydrogen; it is  robust if you swap out the car
battery every three to five years.” But the question that should be asked is: “Does this chemistry have a future?

So when the faithful gathered  at the BCI (Battery Council International) Convention
in Palm Springs this May to sift through the current state of  Lead-acid batteries, there
were new exciting announcements in Lead-acid relating to the production growth
matching that of the economic recovery this past year.  Although the presentations
were well planned and addressed, not much of the news was technically new until Dr.
Andrew Burke spoke  of the automotive fuel cell’s effect on the battery market.
Although he reminded the
audience of the recent
growth  of  Nickel-metal
hydride and Lithium-ion
batteries in current hybrid
research, he  planted a
unique seed for Lead-acid
in a new configuration
which can be  best
described as  a hybrid
battery/capacitor, hereafter
referred to as  a BattCap.
(BattCap is  BD’s coined
phrase and has no relation
to  any scientific or
business group.)

When the  power in  an auto
is to be shared between a
gasoline engine and a
rechargeable battery, the
result is a hybrid auto.  So,
what would be the result be
if  the energy  stored in a
battery were shared  with
an integral double-layer capacitor and a battery electrode? Should the new combination
qualify  as a hybrid battery-capacitor ( BattCap?)

The new combination is neither  a  high-tech capacitor soldered in parallel with the
Lead-acid battery inside the case,  nor is it a hybrid capacitor1  which is a combination
of an electolytic and electrochemical capacitor. It is also not a pseudo-capacitor
which is a double layer capacitor having the carbon electrode materials replaced with
metal oxide at both electrodes.2 The BattCap has a carbon electrochemical capacitor
at one terminal and a battery electrode at the other. (See Figure 1.)  So, could it have
the carbon replaced with metal oxide and be a Pseudo-BattCap? Possibly, but  this
discussion is limited to a carbon-based construction.
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This May,  the Battery Council International  (BCI) celebrated
its 116th Convention in the California desert community of
Indian Wells at the Renaissance Esmeralda Resort and Spa.
The setting was beautifully orchestrated with palm trees,
multicolored gardens and unblemished radiant sunshine.  Thus
was the setting that created that ambiance for a
conference of  450 participants from 17 countries - a
conference that  was to celebrate successes and
positively approach the challenges that lie ahead.

To kickoff the conference, a suppliers’ reception
with its carnival theme was held on the Rose Lawn
near poolside at the hotel.  Being well attended  by
global representatives, the setting provided an
opportunity to meet new people and network on an
informal basis.  On the next evening, Hollingsworth
& Vose Company and Daramic, Inc. hosted another
outdoor reception with strolling violinists on a
beautiful green carpet of grass, thus providing a
peaceful background for comfortable conversation.

Economic boom - not doom

Selecting  a keynote speaker is a crucial assignment
because  the presenter’s message  sets the tone for
the conference.  To take on this task , BCI asked
Michael Cox, Sr. Vice President and Chief Economist
of the Federal Reserve Bank of Dallas and
Professor of Economics  at Southern Methodist
University, to energize the audience by reminding
attendees of the great progress that
has been made in the global
business community.  Mr. Cox
discussed the world economy and
its massive restructuring, but he
reported the news as a prophet of
boom, not doom - a descriptor
initially given to him by Wired
magazine.  He emphasized how the
GDP growth has rebounded for the
past 10 quarters.  He discussed the
paradigm shift in how the U.S. and
other countries look at the global
business  and  the world economy.
Mr. Cox believes that the  massive
restructuring of  the economy
revolves around two important
factors -- the microchip and China.
Not since the invention and
implementation of electricity has
there been such a shift.

The microchip - the key to technological advancement

The microchip, having begun its commercial life in the early
‘70s, has been the catalyst to bring on the computer age, and a

mobile world. Genomes which can alter life
sciences, and   nanotechnology, are perhaps
the keys to both economic development and
developments in power sources of the future.

Although Mr. Cox did not have statistical
evidence of the growth of dc power, he
commented that mobile and portable  power
are on a rise worldwide, and batteries are
making it happen. He interestingly noted that
portable power demands a premium, implying
that the cost per kWh is greater when coming
from a battery than from a grid.

The awakening tiger - China

An awakening China has caused  the world
to look at the activities of  this Asian country
of 1.3 billion people.  In 1978, China was the
world’s 9th largest economy, but today in
2004, it has gained position to rank second.
Its GDP has escalated so fast that the latest
figure  shows it  is now proportional to one
half of  the  U.S. and 60 % of Japan.  Of its 763
million people in the labor force, 23% are

Michael Cox, keynote speaker,
told the BCI audience that he
believes that  today’s economy
is transitioning into a  new era
where the development of the
microchip and the  economic
growth of  China are the two
key drivers in change. His
book, Myths of Rich and Poor,
which battles economic
forecasters of doom and gloom,
was nominated for a Pulitzer
prize. +

BCI  Looks Forward to a Positive Economy with
Opportunities for Lead-acid

by Shirley Georgi

Visit Indium Corporation at www.Indium.com
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involved in manufacturing.  Production not only includes toys
and clothing but also high technology items such as computers
which  are topping the list.  In fact, high-tech products make up
about 23 percent exports today.

Although the battery market for the automobile industry in the
United States remains relatively flat, China’s automobile
ownership (and thus battery needs) is rising.  “The United States
has not six autos per 1000 people, as does China, but 475 cars per
1,000 people.  Raising China’s ownership rate to just a fifth of
U.S. levels would require production of 114 million more vehicles
- nearly as many as are already operating in the United States.”

Because of the paradigm shift with China’s global prominence in
world markets  and the technological explosion of microchips in
new communication advancements, some people are
uncomfortable with change -  the potential unknown in moving
at a fast pace.  But, Mr. Cox assured the audience that change is
a good thing and has brought about a quality of life in the United
States which is  unsurpassed anywhere on earth.  This quality
has come not from government intervention or policy but from
the mechanism of the market which emphasizes people skills in
imagination, creativity, and new designs for product and business
models.

Mr. Cox emphasized that  much of the economic news is positive.
The U.S.  economy grew at a healthy  4.2 percent from January -
March 2004. (Since Mr. Cox’s presentation, the annual first quarter
results were revised to 4.4%.) During  this same time period,
companies boosted output at a 4.9 percent rate, a gain of 0.7
points from the last quarter in 2003.   Productivity rose, too, and
during the first quarter of 2004, the Labor Department  reported  a
3.5 percent rise whereas the previous quarter’s figure was 2.5

percent.

And the good news is that  many economists expect  the
economy to  expand at  4.5 percent to 5 percent  in this second
quarter of 2004.  Mr. Cox’s message shows  faith  in improving
the U.S. economy where there is a constant churning of new
technologies,  products and services that are being researched,
developed and commercialized  to improve the well-being  of
society.

Industrial Battery Sales   -  better than expected

“The Recovery is beginning!” stated Bob Cullen as he gave
his yearly North American Industrial Battery Forecast to the
attendees at BCI.  This was a definite turnaround from the
report given  the previous year where he said, “Don’t shoot
the messenger!”  because of weak 2003 Lead-acid battery
market performance.

The economic climate definitely shows improvement.  U.S.
gross domestic product which was in negative territory in 2001
reached a high growth rate of  8.2% in the first quarter of 2004,

and since that time has ranged around 4%.  U.S business investment
growth has ranged in the 10% category since the fourth quarter of
2003 and is expected to remain steady through 2004.  Two key
industries which are showing gains are travel & tourism and high
tech/telecom - both areas which will certainly be positive for the
Lead-acid industry.

Because of the upturn in the economy later in 2003, the total  Industrial
Battery Market was up by $66 million. This category includes both
Motive Power and Stationary Power.  Motive Power (industrial trucks,
mining vehicles and railroad locomotives)    gained  5%  or $22 million
while stationary power  (mainly telecommunications and UPS) had

China exported 25% of its GDP in 2001.  China is the leading exporter
to the U.S. Given the labor rates, it is easy to see why companies are
shifting manufacturing to China. (Information was stated  in Mr.
Cox’s presentation.  Original sources are the Bureau of Labor
Statistics, China Yearbook and National Bureau of Statistics.) +

The total growth in the Industrial Battery Market was
projected to be only 3 percent.  However, the actual totals show
that growth had an astounding 7.7 percent rise. (Information
is from “Industrial Battery Forecast Report” by Bob Cullen,
BCI Convention, 05/04/04.) +
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an increase of  9.8% or $44 million.

North American  Industrial Battery sales are closing in on $1
billion.  This past year Stationary sales brought in $493 million
while Motive power had a total of $437.

In future issues of BD, we will take a closer look at the forecasted
trends and factors that influence this market.

Challenges

The tone of the conference was very positive, but as in all
businesses, there are challenges the industry must face.  Perhaps
the greatest challenge discussed was the price of lead.  From
August 2003 to March  2004 the London Metal Exchange (LME)
reported  lead prices rose  from $0.225/lb.  to over $0.40/lb.  This
bullish run of lead in the world market has impacted the Lead-acid
battery  industry.  To fully explain its significance requires a
separate article which BD will publish  in an  ensuing issue.

In addition, imports of SLI (Starting, Lighting and Ignition)
batteries continue to impact the North American production.
Richard Amistadi, Vice President of Sales & Marketing for The
Doe Run Company,   discussed the situation in  his  report  on the
shipment review  and forecast. He said,  “The decline in U.S.
battery manufacturing is a result of trends that have impacted all

manufacturing industries: globalization and the movement of
manufacturing from high- labor cost countries to low-labor
cost countries.  Very few U.S. industries have been sheltered
from this trend.”

OEM sales of SLI batteries to the automakers are flat in the
U.S. No significant growth  is anticipated in this mature industry
in the next five years.  The growth for automobiles is in China
where  automobile manufacturing (and thus the need for
batteries) is escalating..  Each North American battery
manufacturer will need to consider this factor as they decide
on their direction for U.S. Lead-acid battery production in the
next decade.

Going forward

The members of the  Battery Council International are  neither
sitting on their  laurels of the past nor complaining about the
status quo.  They have been taking a positive approach to
keeping Lead-acid a state-of-art, cost-effective  technology
by not only  monitoring the global market to explore their
future initiatives, but they are also constantly working toward
technical excellence.  Their continual work on new materials,
deep cycling, product safety and improved batteries  for vehicle
and  industrial applications is commendable.

Their synergistic efforts have built a North American industry
which shipped  over 107 million OEM and replacement
batteries for cars, light commercial and  heavy duty vehicles
and marine applications in 2003.   They have reason to  celebrate
their industry which  started and  ignited the transportation
industry over more than a century ago and has kept it positively
lit.     BD

Bob Cullen, Vice President, Sales & Marketing- Battery Sepa-
rator Products Group at Hollingworth & Vose, happily re-
ported that the North American Telecom Market turned up in
2003; sales were 6% higher in 2003 than 2002.  In the Sta-
tionary Market, sales had even a larger increase, being 9%
higher in ‘03 than in ‘02.  Based on his interviews, data collec-
tion  and surveys, he forecasts  a 6% growth for the  overall
Industrial Battery Market.  +

In 1996, China  produced  less than one million vehicles and
by 2003 their production rose to three million -an astounding
growth rate of 20 percent. CHR Metals has projected a rapid
rise for the rest of the decade.  New vehicle production in
China is destined for both the export market (mainly Asia)
as well as satisfying Chinese demand. (Information is from
“2003 Battery Shipment Review & Five-Year Forecast
Report” by Richard L. Amistadi, BCI Convention, 05/05/
04.) +
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Batteries/Lead-acid/Materials
*

BASIC LEAD SULFATE GRID MATERIAL
The author with 35 years of experience in the plastics industry
explains the evolution of the supply of lead sulfates in the
plastics industry which, by 1990, demanded 160 million tons
for vinyl production. Rather than make lead  processing an in-
house task, the plastics industry went to the chemical industry
which honed the production to a highly scientific operation
which produces lead sulfates with highly defined chemical and
physical characteristics that minimize processing costs for the
users, the plastics industries. In reviewing battery
manufacturing, the story explains how greater scientific
methodology and time/cost savings could be implemented in
the manufacture of Lead-acid batteries if outsourced letharge
replaced leady oxide altogether. Then if the same principles
were extended to paste additives and other design
requirements, new levels of cost reductions and higher quality
could make the Lead-acid battery industry more competitive
with other chemistries.

The Battery Man, March 2004, pp. 7-13
*

Batteries/Hybrid Vehicles
*

Army Not Yet Sold On Hybrid Vehicles
An Army project to build six prototypes of a Humvee has been
canceled because of concerns for operability in extreme
temperatures, questions of real fuel savings in its operational
profile and needs for additional devices to power battlefield
electronics. Another program to retrofit the Wrecker vehicle
HEMTT with a diesel engine and regenerative/power battery
system is being evaluated. Despite a position of having future
combat vehicles employ hybrid propulsion, the methods and
benefits are not visible.

National Defense, May 2004, p. 23
*

GENTLEMEN, START YOUR HYBRIDS
Ford is joining the green philosophy started by Honda and
Toyota by adding a 2004 offering of a 34 mpg Escape SUV.
Despite  high development costs,  Ford anticipates making
money on the Escape. Other global manufacturers, GM,
Daimler Chrysler and Nissan are more skeptical, but they are
planning limited future hybrids. Bob Lutz, formerly of Exide
fame and now Vice-Chairman of GM states, “ I frankly do not

P o r ta ls
To What others are Saying

view hybrids as the future transportation solution. Daimler is
counting on hydrogen fuel cells and BMW is betting on
combustion engines which burn hydrogen.

Business Week,  April 26, 2004, pp. 45-46
*

Top 10 Tech Cars
HERE COME THE HYBRIDS

Ten vehicles were selected as the most technologically
significant. Of the ten, five had some form of hybrid
configuration requiring battery storage and four were SUVs or
trucks, which are in keeping with the buying publics interest in
vehicle types. All but two were either in production or being
readied for production this calendar year. Included was the
experimental Ford  Concept, a modified Focus station wagon
which powers its IC engine with hydrogen. It uses a modular
hybrid transmission and should have none of the environmental
temperature problems of fuel cell powered vehicles.

IEEE Spectrum, March 2004, pp. 28-35
*

Batteries/Security
*

Battery Hitches Hamper Performance Of Army Smart
Munitions Programs

Batteries are not considered an important part of smart
munitions in the world of military hardware. As a result, the
industrial base in the U.S.A. is limited to Alliant Techsystems,
EaglePicher Technologies and Enser Corp. for liquid electrolyte
reserve and thermal batteries. There is concern at the Army
Research Laboratories because  recently experienced problems
of weapon system delays were caused by battery design and
manufacturing problems.

National Defense,  May 2004, p 17
*

Environment
*

Court voids SoCal clean air mandate
The U. S. Supreme court ruled that the South Coast Air Quality
Management District (SCAQMD) could not impose clean air
vehicle requirements on private vehicle fleets by requiring
natural gas or even cleaner trucks. The diesel engine
manufacturers, the petroleum industry and the Bush
Administration successfully argued that such regulation was
the responsibility of state and local governments. SCAQMD
estimates the conversion would have reduced the area’s harmful
emissions by 4,870 tons at an additional cost of 40-50 K per
vehicle in 5,500 vehicles.

The Desert Sun, April 29, 2004, pp. A1,A7
*

Miscellaneous/Hydrogen
*

State to get $ 50 million for hydrogen fuel work
Three University of California campuses, plus Sandia/
Livermore and PolyFuel will share $ 50 million of the DOE $350
million nationwide grant package to do research on making
hydrogen fuel available by 2015.

The Desert Sun, Apr 28, 2004, p. A9
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Toby’s Column...The Jedi Dog

Hi Readers! It’s another of those sunny warm days just right for a nap in the lawn. Yawn...I’m
dreaming of zipping along with my buds on the flight deck of the Millennium Falcon. In another
galaxy far, far away I am known to them as Toby-wan Kenoby, the Jedi Dog, or just ‘Tob’ for short.
Suddenly, Han exclaims, “Guys, we are coming up on Tatooni. Remember that’s where they have
that cantina full of really colorful characters. Maybe we should stop in for libations!” It didn’t
take Chewy long to set us down, and we soon found ourselves
in that more than just colorful, but dangerous hangout for a
variety of galactic beings.

Attending the long bar, was my old friend, Butch. Hey, I
thought, he is supposed to be working the Pink Palace on
Earth, but then this is  my dream and I guess any events are
possible. After warm introductions and greetings, Butch
hands Chewie something with a subtle green glow and just a
bit of a cloud emanating from the surface. Han orders a beer,
but the thing has tiny yellow balls which float to the surface
and emit a small pop as they disappear. Me? I get my standard shot of milk. At least that doesn’t
have any fireworks. “ How is it going?” I ask Butch. He replies, “Never a dull moment Tob, and the
experiences never seem to become ordinary.” “How’s that?” I ask as a basketball-size creature
brushes by me with a four foot neck topped by a baseball - size head with eyes evenly distributed
around the periphery. This guy is most likely not having an easy time of getting a date, I surmise.

Butch goes on, “Just yesterday there comes in a plain old hydrogen atom and nestles forlornly
up to the bar. ‘How’s it going?’ I make the mistake to ask and woefully the atom replies”  “Really
bad; I just lost my electron.” Butch says, “Then I ask him - Are you sure?” “I’m positive!” “the
electron says...”

Chewie makes one of those deep nasal groans as only a Wookie can, and I realize Butch has been
in this dream too long already.  But he continues, “ Tob, I’ve got to build the image of this Cantina.
You know, attract some creatures with class and maybe without blasters. Got any ideas?”

“ Butch,” I replied, “ Use the force! You really need to get some visibility with both Batteries
Digest Newsletter and the BD Website. It’s got class clientele from every known civilization in
the universe and interest is big and growing. Now we all know that information in space is
limited to light speed, but the Web content is always there propagating to every galaxy 24/9.
(There are nine days a week on Tattoni.) Then those thousands of dedicated monthly Newsletters
sent only to readers who request copies, can be crammed into a sideband of the hyperchannel
which starships use to get to places like Kessel in less than twelve timeparts. That means that
intergalactic readers get their latest issue on the first day of each space month. Is there any
question why such distribution coupled with great content slanted to the business reader has
this publication growing?”

“Great,” says Butch. “What’s the cost?” I quickly replied,  “Less than your margin on drinks
sold in one hour each year.” “And you think it will get me some great image and clientele?” I
confidently state, “No doubt, Butch, you will be so popular that you will put rugs on the floor and
add a room out back for a pool table.” “Hold on, Tob, I only ask for a little bit of respect,” he
replies.

Well, Butch is on his way to integallactic respect and we are back on the Falcon making the jump
to hyperspace. Going to new places is fun, but that push from the hyperdrive gives me a case of
diarrhea every time. I’m going to curl up by Chewie’s furry leg. “Night all...” Bang, the wind  slams
the screen door open and closed bringing me back to the real world of fluffy clouds on this
beautiful earth day in my own back yard.

Tail wags, \ / \ / \ / \ / \ / \/ \ /  TOBYTOBYTOBYTOBYTOBY  

Miscellaneous/Fuel
*

Fuel Economy Barely Rises;
S.U.V.s Are Blamed

After peaking in 1987, car and light
duty trucks have not been able to
increase mileage. In 2002, the
average was 20.4 mpg with 2003
numbers at 20.7. Estimates are 20.8
mpg in 2004. Immense petroleum
ingesting giants such as the
Hummer fall outside government
fuel economy rules. Auto
companies think that cost
increases to improve fuel economy
would depress sales. (Ed.note, Will
increasing world oil prices reduce
sales without bumping car
prices?)

The New York Times,April
29,2004, p C8.

*
Governors Schwarznegger and

Richardson Join Together
to Push Clean Energy Goals

The governors of California and
Arizona jointly signed a letter  to
develop 30 gigaWatts of clean
energy by 2015.
World Solar Energy News,
www.SolarBuzz.com, April 19, 2004

*
WHY COAL MAY BE JUST

THE THING FOR JETS
A process has been developed at
Pennsylvania State University to
liquify and mix it with dregs of oil
refining to produce a high
temperature fuel for high
performance fighter jets which
must absorb much of the engine
heat prior to being burned for
propulsion. The process may be
adaptable to ordinary jets.

Business Week, April 26, 2004,
p.64

*
Photovoltaics/Business

*
Ameralego, Portugal: Giant Solar
Energy Site Planned Portugal’s
General Directorate of Energy will
provide $ 313 million in funding to
place 64 MW of solar panels.

World Solar Energy News
www.SolarBuzz.com,

May 6, 2004
BD
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The general operating principles of the device are that the electrical charge
stored in the device is dependent on the capacitance of the carbon electrode
and its rated operating Voltage is dependent on the characteristics of the
battery-like electrode. In general, the two electrodes are sized such that
the carbon  electrode is deeply charged/discharged and the battery-like
electrode undergoes only very shallow charge/discharge cycles to promote
cycle life. The current collector material is selected to be compatible with
the electrolyte and battery-like material. Collector material thickness is
selected with trade-offs between energy density and power density. +

Figure 2: The cell Voltage of the hybrid capacitor moves up
and down as the carbon electrode is charged and discharged.
The rated Voltage of the cell is the sum of the standard
potential of the battery-like electrode and Voltage change in
the carbon electrode unless the sum exceeds the maximum
value  for the gassing Voltage of the battery-like electrode.
Energy stored is the sum of the energy stored at the negative
and positive electrodes.

One of the advantages of the hybrid device is that the Voltage
change at the carbon electrode can be 1 Volt  compared to 0.5
Volts in a carbon/carbon device. The flatter discharge profile
of the battery electrode makes the greater carbon electrode
Voltage possible. +

BattCap continued from page 2
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 Why is the  Lead-acid version of the BattCap hybrid being
considered?

Lead-acid batteries are not all things to all people. The battery
used to start the auto is optimized to give very high currents for
very short periods of time, whereas the telecom backup battery
(which must perform for many hours when the power distribution
grid  goes down) does not require high peak currents but does
need  maximum energy content over a long discharge period. The
instrument or boat battery, which must deliver power almost to its
last electron,  is maximized to recover from repeated deep discharges.

In the hybrid auto configuration, the need for immediate passing
power places the high power requirement on the battery, but
concurrently, the more energy available from the battery, the smaller
its physical size can be. That equates to needing both more energy
density along with greater power density.

High energy density is the realm of Nickel-metal hydride and
Lithium-ion batteries, neither of which provides stellar power
density, especially when optimized for maximum energy density.
While providing superior energy density to Lead-acid batteries,
they also carry a premium in price, a factor which has played an
important part in the lack of acceptance first of the pure electric
cars, and now the gasoline/battery hybrid.

The recipe for success for energy storage is to have high power
density, high energy density, rapid charge acceptance for dynamic
braking, and while the ideal is being defined,  include long cycle
and calendar life and low cost. It is difficult to embody all these
characteristics in a single chemistry.

Hybrid battery/supercapacitor technology tries to use the best
features of both the carbon capacitor and the Lead-acid battery.
Papers have been reviewed which have hybrid vehicles perform
with an IC engine, an individual supercapacitor and another

individual battery.3

For the BattCap, consideration is being given to  a
new integrated device  configured with the carbon-
based capacitor as the negative electrode and a lead-
oxide (PbO2)  positive electrode which are connected
by  a sulfuric acid electrolyte and separator.  (See
Figure 1) This is the subject of  investigation by the
University of California’s Dr. Andrew Burke and
associates.4  The concept has been pursued for  only
a few years, but it has withstood  the rigors of
theoretical and experimental investigations.  Similar
work has been done by Dr. John Miller of JME and
the American Electric Power Corp. with some
Russian scientists.

Construction, benefits and future direction

The construction consists of a half capacitor made
up of a carbon negative electrode, storing energy in
the electric double layer; a sulfuric acid electrolyte,

and a lead oxide positive electrode which stores energy by
electrochemical (Faradic) reaction. To obtain long cycle life, the
battery electrode is oversized by about ten times and only a
small fraction of its capacity is used for a complete discharge of
the carbon electrode. Such a marriage provides relatively high
energy density (10-15 Wh/kg),  the high current/power  for
vehicle start/acceleration/braking  demands,  low cost of Lead-

Figure 1:Schematic of a hybrid battery/electrochemical capacitor
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acid batteries, and hopefully, needed cycle life.

One  benefit of using the combination of the carbon and battery
material  is the larger Voltage range for the carbon electrode of 1
Volt instead of the usual 0.5 Volts because the battery electrode
operates at a near constant  Voltage .  Since capacitor energy is
proportional, the change in Voltage squared (the energy stored in
the supercap carbon  electrode) is four times greater. Since charge
must be conserved, this allows for a greater energy storage in the
battery electrode. In other words, this  is the  fundamental  reason
for creating the hybrid and its higher energy density. (See Figure 2)
Selecting Lead-acid construction provides for a greater cell Voltage
of 2.2 Volts compared to the nickel hydroxide hybrid which only
has  a rated cell Voltage of 1.5.  Then too, there is the  projection
that a Lead-acid hybrid should be buildable for less money than
other hybrids because of the inherent lower cost of the lead materials
and their well-developed  processing methods. Lead-acid batteries
have  traditionally had cycle life limitations, but the use of the
oversized lead oxide electrode will permit it to cycle through very
shallow discharges and thus greatly extend its cycle life.

A number of combinations of the carbon supercapacitor and battery
materials are presently  being investigated by other researchers.
(See figure 3.) Carbon and nickel hydroxide are being pursued at
Florida Atlantic University; lithium/ titanium - oxide in the negative
electrode with carbon in the positive is being studied by Telecordia

Technologies, and carbon in the
negative  and  lithium intercalation
materials in the positive by the
Ness Corp.  in Korea. Each of these
devices has advantageous
performance in one area or another,
but  they must all  meet all the
performance and cost requirements
of the demanding transportation
applications. Cycle and calendar life
of the battery electrodes are the
major concerns of the hybrid
capacitors. The cycle and calendar
life of the carbon electrode is very
good.  The integral device must
retain this capability. Since cost has
been a major barrier in the use of
supercapacitors, the final proof of
suitability for the BattCap requires
real production costs with long
cycle and calendar life devices.

Dr. Burke is planning a next
configuration which will closely
resemble a prototype device which
would be representative of
production  units. But high tech
solutions usually involve high tech
development and manufacturing
costs. This may be an  advantage
for the Lead-acid BattCap in that it
uses the familiar and less costly Lead-
acid battery based construction. Prior

work has been performed on thin film Lead-acid batteries during
the era of electric vehicle development in the 1990’s by   Boulder
Technologies and later by Johnson Controls which acquired the
Boulder technology.  Dr. Burke hopes to benefit from those
experiences with the thin-film lead electrodes on foils.  Forming the
carbon electrode on thin foils is routine in the carbon/carbon
ultrapcap industry, so the major problem in assembling the carbon/
lead oxide device is forming the thin lead electrode.  Dr. Burke is
presently seeking a Lead-acid battery manufacturer as a partner in
the next phase of his research.

The Lead-acid BattCap is not a ‘done deal,’ but the rigorous
methodology followed by Dr. Burke has brought the concept to a
point where there is a  possibility for it to make a cost effective
contribution in  improved energy storage for ICE/hybrid and fuel
cell/hybrid vehicles.

Reference
1. www.ness.co.kr/professor.kim/c3down.htm
2. www.ness.co.kr/prod/bb2.htm
3. Batteries Digest Newsletter, Issue 96, p. 8.
4. Development of Advanced Electrochemical Capacitors using
Carbon and Lead-oxide Electrodes for Hybrid Vehicle
Applications. UCD-ITS-RR-03-2. Prepared for Calstart on Contract
CS-AVP99-03 by University of California-Davis.
5. Batteries Digest Newsletter, Issue 36, p 6.
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Figure 3: Rangone curves for various high power devices show  where the Lead-acid BattCap
fits into the performance field of hybrid devices. With 21 cm2 of active area, the device produces
6 Amps. Capacitance is between 38-44 Farads, and the BattCap has an internal resistance
ranging from 0.015 to 0.03 Ohms. Providing 80 W/kg of power, the device has 8.7 Wh/kg of
energy density.

Competitive hybrid devices such  as the Telcordia hybrid with lithium/titanium-oxide have
similar performance, but Lead-acid hybrids offer the  possibility of lower costs when used in
hybrid vehicles. The ideal characteristics of the Lead-acid hybrid BattCap are projected to be
15.7 Wh/kg with 8900 W/kg at 95 % efficiency. Present supercapacitors  provide nominal
5 Wh/kg and cost $2.50/Wh. The projected cost for the Lead-acid hybrid BattCap could be in
the range of $0.35/Wh.  Supercaps cost about $10/kg whereas projected estimates for the
BattCap could be $4.50/kg. +
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World News

Batteries/Business

Exide Technologies has Joint
Plan of Reorganization
confirmed by the U.S.
Bankruptcy Court in the
District of Delaware.  Under this
plan,  Exide’s debt will be
reduced by $1.3 billion. Exide’s
existing stock will be cancelled
and no distribution will be given
to current shareholders. A
quantity of   22.5 million new
shares of common stock will be
issued to the Company’s pre-
petition secured lenders,
representing 90% of the
Company’s common stock.
Exide’s new common stock and
warrants are expected to be
listed on the NASDAQ National
Market.  For additional
information on the
reorganization plan, see Exide’s
website.

Batteries/Automotive/Hybrid

General Motors (GM) begins
delivery of 235 hybrid powered
busses to Seattle.  This single
fleet is slated to save over
750,000 gallons of fuel annually,
the equivalent of thousands of
small hybrid cars.  GM states
that if  13,000 buses in the U.S.
were replaced with its hybrid
buses, the U.S. would save over
40 million gallons of fuel
annually.

Batteries/Business
B a t t e r i e s / N i c k e l - m e t a l
hydride

Rayovac Corp. and Sanyo
Electric Co. complete a
technology and manufacturing

agreement to develop and
market Rayovac’s I-C3 (In-Cell
Charge) technology for Nickel-
metal hydride batteries. The
technology allows Nickel-metal
hydride batteries to be
recharged in as little as 15
minutes.  Sanyo’s research
development group  has a goal
to further refine and develop the
I-C3 technology by optimizing
Sanyo’s high-capacity
technology  in order to extend it
to other applications and battery
sizes.

Battery/Monitoring

Tyco Electronics Power
Systems licenses  Midtronics’
battery conductance-
monitoring technology to
develop a telecom battery
monitoring system for telecom
service providers.   The battery
monitoring system will be
integrated into Tyco Electronic’s
GALAXY power monitoring
system. With the new combined
system, users will be able to
view conductance values on-
demand or  in user-defined
intervals from anywhere with
web access.  Sabi Varma, Vice
President -Marketing and
Business Operations of Tyco,
said, “...this will become the most
broadly deployed battery
monitoring solution in any
stationary power market.”

Fuel cells/Automotive

Honda successfully proves its
FCX  fuel cell stack’s cold-start
driving performance
capabilities in Japan.  As part
of the test, the FCX successfully

A total market for Fuel Cells and advanced batteries in the
military is expected to drop at an average annual growth rate
(AAGR) of 7.7% from a wartime-enhanced $313.4 million in
2003 to $210 million in 2008.

Advanced battery values in the military were $44 million in
2000 and escalated to $291.4 million during the wartime of
2003.  The Lithium-manganese dioxide battery has made huge
gains in replacing the Lithium-sulfur dioxide chemistry, but
the latter still represents about 61% of advanced battery
purchases in 2003.  Fuel cell introduction into the military
structure will be slow, incremental, and take place initially on
installations and in benign and stable environments rather
than on the battlefield.

In reference to the technology of Zinc-air, this “battery”  does
not store electrochemical energy, but generates electicity from
a supplied fuel that is a special micro-structured zinc.
Apparently referring to this power source as a battery (rather
than fuel cell) enhances the comfort level of using a new
technology.  Zinc-air cells for military applications are projected
to increase to $11million in value within the next five years.
This represents the largest single growth rate of all fuel cell
technology.

(Excerpts are from press release on report, “RGB-296
Evolution of Fuel Cells and Batteries for the Military: Trends
and Markets,” by Business Communications Company, Inc.,
March 2004; see www.bcresearch.com for additional
information.) +
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started up after being parked outside overnight, with
temperatures falling to as low as -110 C (+120 F).  The vehicle
was then driven on the test track and public roads.

Fuel cells/Micro

ABI (Allied Business Intelligence) projects micro fuel cell
(MFC)  technology will power nearly  15% of the world’s
laptop computers as early as 2012.  ABI Research projections
also indicate that a trial production of 2,000 units next year will
be used in PDAs and notebooks in Japan and the U.S. One of
the studies significant
findings is that if micro fuel
cells are going to enter
commercial markets in a
small way in 2005,
manufacturers must
demonstrate their
prototypes along with
efficient refueling and
replacing cartridges before
the end of 2004.

Will consumers adopt
MFCs? Mass market
acceptance may be
restrained if refueling or
replacing carries a high cost.
But the model has worked
for the inkjet printer and
ejectable razor industries
such as Gillette, BIC and
Tokai who are showing
interest in distribution.
(Information is from ABI’s
research study, “Micro Fuel
Cell: Market Challenges
and Opportunities for
Cameras, Laptops and
Wireless/Mobile Devices,”
www.abiresearch.com.)

Fuel cells/Stationary

The American Council for
an Energy-Efficient
Economy  studies fuel cells
for distributed generation
(DG).   A few points in the
study, “Stationary Fuel
Cells: Future Promise, Current Hype, ” include the following:
-> Polymer Electrolyte Membrane Fuel Cells (5-10kW) will most
likely be the dominant technology for residential and small
commercial sectors
 -> Fuel cells are not currently cost-effective compared with
other  generation technologies. Equity research from CIBC

reports that manufacturers need to at least triple or quadruple
their production capacity by year-end 2004 to bring selling
price of units down to the $1,500 -$2,000/kW range.
 -> One of the greatest barriers to the installation of fuel cell
and other  DG systems lies in the complicated  and lengthy
plant siting and permitting process.
 -> The technical problems and cost  issues relate to four areas:
a) stack life - 50,000 hours are needed to gain a significant
market share.
b) fuel reformers - The overall efficiency of fuel reformers

combined with efficiency of the fuel
cell stack sometimes falls below
40%.
c) power electronics and overall
system integration - Inverters and
other power electronic components
remain significant costs to the over
all fuel cell system.
d) broader market barriers -  Market
awareness, infrastructure, market/
regulatory treatment for low
emission systems, and
interconnection costs need to be
addressed.
-> Since manufacturing capability
is still low, the technical potential
will remain rather small until 2012.

The study includes information on
the Phosphoric Acid Fuel Cell
(200kW), the Solid Oxide Fuel Cell
(200-250kW), the Molten
Carbonate  Fuel Cell (250kW -
2,000kW) and the Polymer
Electrolyte Membrane Fuel Cell
also known as the “Proton
Exchange Membrane Fuel cell” (5-
10kW).  The  complete study,
Report Number IE041, can be
downloaded free at http://
aceee.org.pubs/ie041.htm.

Photovoltaics/Inverters

Ballard, a company highly
connected with fuel cells,  breaks
into the solar inverter market with
a 75kW power converter.  The
company entered this market since

global growth for PV has been at 30 percent.  Ross Witschonke,
Ballard’s Vice President - Sales & Marketing , said. “The
photovoltaic market has grown an average of 25 percent per
year since the 1980s, and the majority of that growth has come
in grid-tie applications.”  Ballard also expects to add a 30kW
inverter product for installations in the second half of 2004.

BD

By 2005, roughly 200 million cell phones will  be in use in
the U.S. according to INFORM. A survey conducted by the
Rechargeable Battery Association (RBRC)  reveals that
70% of users are unaware that cell phones (and their
batteries) are recyclable.

Approximately 2.5 million phones were collected to be
refurbished or recycled from 1999 to early 2003. This is less
than 1% of the known used cell phones currently in the U.S.

Beginning in late April 2004, RCRC’s new Call2RecycleTM

program is featuring 30,000 retail collection locations across
the nation where consumers can drop off old cell phones.  The
rechargeable batteries in the phones will be recycled through
RCRB’s existing retail channels.

(Information in  the graph is based on statistics from the
Cellular Telecommunications & Internet Assoc.) +
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Ask George
 about

Separators

Create awareness, identify new
offerings,discover new customers...

Advertise in the
Batteries Digest
Newsletter and on
the Web Site at:

www.BatteriesDigest.com
see the ‘Advertising’ page on the site and

call 763-479-6190

Q: Question: I am going to a higher
surface area AGM separator, what
should I look for?

Answer:

It depends on the change and your battery design,
but in general, the following eight factors give a
general idea of  what a battery manufacturer would
experience.

1. Smaller pore structure, thus slower/harder acid
filling

2. Increased strength such as tensile and puncture
strength

3. Lower initial thickness, fine fiber tends to make
a denser separator

4. Slower drip speed and rate of wicking, relates
to finer pore structure

5. Decreased stratification

6. Increased separator electrical resistance.

7. Increased cycle life

8. Decreased high rate performance
BD
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Ask Isidor About Batteries...

Q: How does Cycling Affect Battery Performance?

Isidor Buchmann (Isidor.Buchmann@cadex.com) is the founder and CEO of Cadex
Electronics Inc., in Vancouver BC. Mr. Buchmann has a background in radio communications
and has studied the behavior of rechargeable batteries in practical, everyday applications for
two decades. Award winning author of many articles and books on batteries, Mr. Buchmann
has delivered technical papers around the world. +

As part of ongoing research to find the most durable
battery system, Cadex has performed life cycle tests on
Nickel-cadmium, Nickel-metal-hydride and Lithium-ion
batteries. All tests were carried out on the Cadex 7000
Series battery analyzers in the test labs of Cadex,
Vancouver, Canada. The batteries tested received an
initial full-charge, and then underwent a regime of
continued discharge/charge cycles. The internal
resistance was measured with Cadex’s OhmTest™
method, and the self-discharge was obtained from time-
to-time by reading the capacity loss incurred during a
48-hour rest period. The test program involved 53 cell
phone batteries, of which one per chemistry was chosen
for the charts below.

Nickel-cadmium
In terms of life cycling, standard Nickel-cadmium is the
most enduring battery. Figure 1 illustrates the capacity,
internal resistance and self-discharge of a 7.2V, 900mA

Nickel-cadmium battery with standard
cells. Due to time constraints, the test was
terminated after 2300 cycles. The capacity
remained steady; the internal resistance
stayed flat at 75mW and the self-
discharge was stable. This battery
receives a grade ‘A’ for almost perfect
performance. It should be noted that
Nickel-cadmium has a moderate energy
density, requires periodic full discharges
and contains toxic metals.

The ultra-high capacity Nickel-cadmium
offers up to 60% higher in energy density
compared to the standard version at the
expense of reduced cycle life. In Figure 2,
we observe a steady drop of capacity
during the 2000 cycles delivered. At the
same time, the internal resistance rises
slightly. A more serious degradation is
the increase of self-discharge after 1000
cycles.

Figure 1: Cycle performance of standard Nickel-cadmium. (7.2V, 900mAh) This
battery deserves an ‘A’ for almost perfect performance in terms of stable capacity,
internal resistance and self-discharge over many cycles. +

Figure 2: Cycle performance of ultra-high Nickel-cadmium. (6V, 700mAh)
This battery offers higher energy density than the standard version at the
expense of reduced cycle life. +
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Nickel-metal-hydride
Figure 3 examines Nickel-metal-hydride. We observe good
performance at first, but past 300-cycles, the readings starts to
deteriorate rapidly. One can observe the swift increase in internal
resistance and self-discharge after cycle count 700. Nickel-metal
hydride has a higher energy density than Nickel-cadmium and
does not contain toxic metals. Some argue that Nickel-metal-
hydride is an interim step to Lithium-ion.

Lithium-ion
In Figure 4 we examine the capacity and internal resistance of a
Lithium-ion battery. A gentle and predictable
capacity drop is observed over 1000 cycles and
the internal resistance increases only slightly.
Because of low readings, self-discharge has been
omitted on this test. Lithium-ion offers the highest
energy density of the above-mentioned chemistries
and contains no toxic metals. Limited discharge
current, the need for safety circuits and aging are
negative attributes of this battery.

When conducting battery tests in a laboratory, it
should be noted that the performance in a
protected environment is commonly superior to
that in field use. Elements of stress and
inconsistency present in everyday use cannot be
simulated accurately in the lab. Here are some of
the reasons why:

Under a full cycle program, as conducted in this
test, nickel-based batteries are not affected by
crystalline formation (memory). Memory shortens
battery life in everyday use if not properly
maintained. Applying a full discharge/charge cycle

once a month solves this problem. Nickel-cadmium is more prone
to memory than Nickel-metal-hydride.

Lithium-ion benefits from a controlled life cycle test because
the aspect of aging plays a less significant role. The service life
of Lithium-ion in real life is a combination of cycle count and
aging. All batteries are affected by aging in various degrees.

Another reason why life cycling produces positive readings is
the controlled temperature environment in which the tests are

carried out. In true life, the batteries meet much harsher
treatment and are often exposed to heat. Furthermore,
the batteries in our test were charged with a well-
defined charge algorithm. Overcharge was minimized
and damaging heat buildup prevented. Low-cost
consumer chargers do not always service the battery
optimally.

The type of load with which the batteries are
discharged also plays a  role. The above test consisted
of an even DC discharge. Digital equipment load the
battery with heavy current bursts. Tests have shown
reduced cycle life when a battery is discharged with
sharp current pulses as opposed to DC, even though
the delivered end-energy is the same. Cell phones,
laptop computers digital cameras are devices that
draw heavy current spikes.

In some other aspects, however, a lab test may be
harder on the battery than actual field use. In our
test, each cycle applied a full discharge. The nickel-
based packs were drained to 1.0 Volt and Lithium-ion
to 3.0 Volts per cell. In typical field use, the discharge
before re-charge is normally shallower. A partial
discharge puts less strain on the battery, which
benefits Lithium-ion and to some extent also Nickel-
metal-hydride. Nickel-cadmium is least affected by
delivering full cycles. Manufacturers normally specify

the cycle life of Lithium-ion at an 80% depth-of-discharge.

BD

Figure 3: Cycle performance of Nickel-metal-hydride (6V, 950mAh.)
This battery offers good performance at first, but past 300 cycles, the
capacity, internal resistance and self-discharge start to deteriorate
rapidly. +

Figure 4: Cycle performance of Lithium-ion. (3.6V, 500mA.) Lithium-ion
offers good capacity and steady internal resistance over 1000 cycles. Self-
discharge was omitted because of low readings. +
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        MEETINGS
Consult the Meetings page of  www.BatteriesDigest for more information

June

Junior Solar Spring Northeast Championship
June 13, 2004

Springfield, MA
Over 200 middle school students with model solar cars

www.nesea.org
*

 41st Power Sources Conference
June 14-17, 2004

Adam’s Mark Hotel
Philadelphia, PA

Contact Ralph Nadell at Rnadell@pcm411.com

July
SOLAR 2004

July 10-14, 2004
Portland, OR
www.ases.org

Tel: 1-303-443-3130, E Mail: ASES@ases.org

August
Energy Technology Expo & Conference

Bringing together all segments of the renewable energy
industry

August 31- September 1, 2004
Colorado Convention Center

Denver, CO
www.energytechexpo.com

September
Portable
Power

Conference
& Expo

www.PortablePowerConference.com

 Electric Drive Transportation Assn. Conference & Expo.
‘Mobilizing the Market’ will provide a comprehensive and
hands-on forum for information exchange, business venture
development, and market forecasting and sales for new and

emerging battery, hybrid and fuel cell products.
September 21-23, 2004

Orlando, FL
www.edtaconference.com

October
Occupational Health, Safety and Environmental Protection

Conference
Sponsored by Battery Council International

October 19-20
Tampa, FL

Tel: 1-312-673-4749
 www.batterycouncil.org

November
2004 Fuel Cell Seminar

November 1-5, 2004
San Antonio, TX

Call for Abstracts due March 8, 2004
www.fuelcellseminar.com

*
NASA Aerospace Battery Workshop

Huntsville, AL
Tel: 1-256-544-3345

http://ntf-2.msfc.nasa.gov/battery/nsf

Jan 2005

Consumer Electronics Show
Las Vegas, NV
www.cesweb.org

May 2005
Battery Council International

117th Convention
Tel: 1-312-644-6610
Fax: 1-312-321-6869

Battery  Council International sponsors an annual meeting to
promote higher standards of quality, technical and environmental
awareness in the Lead-acid battery industry worldwide. BCI’s
convention is designed to provide a forum for discussion on
the latest advances and concerns for the battery industry.

Tel: 1-312-673-4749              Fax: 312-527-6640
E-Mail:  ann_noll@sba.com

 www.batterycouncil.org
*

NESEA Tour De sol
The Great American Green Transportation Festival and

Competition
www.TourdeSol.org


