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BD100HIceland continued on page 5

Introduction.

Iceland has abundant renewable energy sources such as hydropower and geothermal
power. According to a paper1  published by the Icelandic Ministry of Energy and
Commerce, the usable potential for hydropower in Iceland is about 35-40 TWh per
year and for geothermal power it is about 15 TWh per year. At present, 25% of
potential hydropower is harnessed and about 8% of geothermal power.

This 8.5 TWh per year energy is used in Iceland now in various ways. Domestically,
99% of the Icelandic population has connection to the public electrical network,
most houses are heated by geothermal power, and a large part of electricity is used
in heavy industry such as aluminum processing, Ferro-silicon production and a
large diatomite processing plant at Myvatn. Today, the aluminum industry in Iceland
produces some 270.000 tons of aluminum ingots from bauxite that is being
transported from places as far away as New Zealand. New plants and plant
expansions will bring the aluminum production in Iceland to over one million tons
per year in the next decade. Even then, the potential renewable energy resources
will not be exhausted for this industry.

The reasons for the success and growth of this power-hungry industry in Iceland
are simple: the costs of generating large amounts of clean electricity in Iceland are
low and the end-user markets (where the aluminum is used for end-products) are
fairly near: the USA and Europe.

Transport of electricity from Iceland to Europe

The Icelandic government has made it a national priority to make electricity
production and exploitation a large factor for its economy. Until recently, Iceland’s
main exports came from the fish industry. The production of aluminum ingots from

Cheap electricity from
Iceland

A proposal project by Dr. Pieter van Pelt
(Best, Holland)

Cover Photo: Dr. Pieter van Pelt of  The Netherlands has a unique concept to transport electricity from Iceland to other
countries.  He suggests that fully charged  rechargeable Aluminum batteries could be shipped to provide energy for the grid in
a country in Europe, or even the USA.  Upon arriving at the given destination, the batteries would deliver their charge to the
national grid and only keep enough charge for the needed propulsion to get back to Iceland.  Back in  Iceland, the ship’s
batteries would once again get their recharge from  clean energy sources, geothermal and hydro power.  To find out why Iceland
is  the optimal source location, why rechargeable  Aluminum batteries provide the best  optimal chemistry,  and how this clean
and cost effective energy transfer would work, read Dr. Van Pelt’s article, “Cheap Electricity from Iceland.”

Credits:
The illustrative photo of the large cargo ship at sea, laden with shipping containers is courtesy of the U. S. Department of State
in their “FY 2003 Performance and Accountability Highlights” by the Bureau  of Resource Management, December 2003.

The drawing of the Geothermal Power Plant is courtesy of the U.S. Energy Information Administration. “Geothermal Energy -
- Energy from the Earth’s Core” is on the website: http://eia.doe.gov. The background map is courtesy of the General Libraries,
The University of Texas at Austin. +
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Visit Indium Corporation at www.Indium.com

Researchers in the Materials Sciences Division (MSD) of
Lawrence Berkeley National Laboratory, working with crystal-
growing teams at Cornell University and Japan’s Ritsumeikan
University, have learned that the band gap of the semiconduc-
tor indium nitride is not 2 electron Volts (2 eV) as previously
thought, but instead is a much lower 0.7 eV.

The serendipitous discovery means that a single system of
alloys incorporating indium, gallium, and nitrogen can convert
virtually the full spectrum of sunlight — from the near infrared
to the far ultraviolet — to electrical current.

“It’s as if nature designed this material on purpose to match the
solar spectrum,” says MSD’s Wladek Walukiewicz, who led the
collaborators in making the discovery.

What began as a basic research question points to a potential
practical application of great value. For if solar cells can be
made with this alloy, they promise to be rugged, relatively inex-
pensive — and the most efficient ever created.

In search of better efficiency

Many factors limit the efficiency of photovoltaic
cells. Silicon is cheap, for example, but in converting
light to electricity it wastes most of the energy as
heat. The most efficient semiconductors in solar
cells are alloys made from elements from group III
of the periodic table, like aluminum, gallium, and
indium, with elements from group V, like nitrogen
and arsenic.

One of the most fundamental limitations on solar
cell efficiency is the band gap of the semiconductor
from which the cell is made. In a photovoltaic cell,
negatively doped (n-type) material, with extra
electrons in its otherwise empty conduction band,
makes a junction with positively doped (p-type)
material, with extra holes in the band otherwise filled
with valence electrons. Incoming photons of the
right energy — that is, the right color of light —
knock electrons loose and leave holes; both migrate
in the junction’s electric field to form a current.

Photons with less energy than the band gap slip
right through. For example, red light photons are
not absorbed by high-band-gap semiconductors.
While photons with energy higher than the band
gap are absorbed — for example, blue light photons
in a low-band gap semiconductor — their excess

energy is wasted as heat.

The maximum efficiency a solar cell made from a single material
can achieve in converting light to electrical power is about 30
percent; the best efficiency actually achieved is about 25 percent.
To do better, researchers and manufacturers stack different band
gap materials in multijunction cells.

Dozens of different layers could be stacked to catch photons at
all energies, reaching efficiencies better than 70 percent, but
too many problems intervene. When crystal lattices differ too
much, for example, strain damages the crystals. The most
efficient multijunction solar cell yet made — 30 percent, out of
a possible 50 percent efficiency — has just two layers.

A tantalizing lead

The first clue to an easier and better route came when
Walukiewicz and his colleagues were studying the opposite
problem — not how semiconductors absorb light to create
electrical power, but how they use electricity to emit light.
“We were studying the properties of indium nitride as a
component of LEDs,” says Walukiewicz. In light-emitting diodes

An unexpected discovery could yield
a full spectrum solar cell

Reprinted with permission of Lawrence Berkeley National Laboratory
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and lasers, photons are emitted when holes recombine with
electrons. Red-light LEDs have been familiar for decades, but
it was only in the 1990’s that a new generation of wide-band
gap LEDs emerged, capable of radiating light at the blue end
of the spectrum.

The new LEDs were made from indium gallium nitride. With a
band gap of 3.4 eV, gallium nitride emits invisible ultraviolet
light, but when some of the gallium is exchanged for indium,
colors like violet, blue, and green are produced. The Berkeley
Lab researchers surmised that the same alloy might emit even
longer wavelengths if the proportion of indium was increased.
“But even though indium nitride’s band gap was reported to
be 2 eV, nobody could get light out of it at 2 eV,” Walukiewicz
says. “All our efforts failed.”

Previously the band gap had been measured on samples
created by sputtering, a technique in which atoms of the
components are knocked off a solid target by a beam of hot
plasma. If such a sample were to be contaminated with
impurities like oxygen, the band gap would be displaced.

To get the best possible samples of indium nitride, the Berkeley
Lab researchers worked with a group at Cornell University
headed by William Schaff, renowned for their expertise at
molecular beam epitaxy (MBE), and also with a group at

Ritsumeikan University headed by Yasushi Nanishi. In
MBE the components are deposited as pure gases in high
vacuum at moderate temperatures under clean conditions.

When the Berkeley Lab researchers studied these exquisitely
pure crystals, there was still no light emission at 2 eV. “But
when we looked at a lower band gap, all of a sudden there
was lots of light,” Walukiewicz says.

The collaborators soon established that the alloy’s band-
gap width increases smoothly and continuously as the
proportions shift from indium toward gallium, until — having
covered every part of the solar spectrum — it reaches the
well-established value of 3.4 eV for simple gallium nitride.

Promising signs

At first glance, indium gallium nitride is not an obvious
choice for solar cells. Its crystals are riddled with defects,
hundreds of millions or even tens of billions per square
centimeter. Ordinarily, defects ruin the optical properties of
a semiconductor, trapping charge carriers and dissipating
their energy as heat.

In studying LEDs, however, the Berkeley Lab researchers
found that the way indium joins with gallium in the alloy
leaves indium-rich concentrations that, remarkably, emit light
efficiently. Such defect-tolerance in LEDs holds out hope
for similar performance in solar cells.

To exploit the alloy’s near-perfect correspondence to the

A newly established low band gap for indium nitride means that
the indium gallium nitride system of alloys ( In1-x GaxN) covers
the full solar spectrum. +
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spectrum of sunlight will require a multijunction cell with layers of
different composition. Walukiewicz explains that “lattice matching
is normally a killer” in multijunction cells, “but not here. These
materials can accommodate very large lattice mismatches without
any significant effect on their optoelectronic properties.”

Two layers of indium gallium nitride, one tuned to a band gap of
1.7 eV and the other to 1.1 eV, could attain the theoretical 50 percent
maximum efficiency for a two-layer multijunction cell. (Currently,
no materials with these band gaps can be grown together.) Or a
great many layers with only small differences
in their band gaps could be stacked to
approach the maximum theoretical efficiency
of better than 70 percent.

It remains to be seen if a p-type version of
indium gallium nitride suitable for solar cells
can be made. Here, too, success with LEDs
made of the same alloy gives hope. A number
of other parameters also remain to be settled,
like how far charge carriers can travel in the
material before being reabsorbed.

Indium gallium nitride’s advantages are many.
It has tremendous heat capacity and, like other
group III nitrides, is extremely resist to
radiation. These properties are ideal for the
solar arrays that power communications
satellites and other spacecraft. But what about
cost?

“If it works, the cost should be on the same order of magnitude
as traffic lights,” Walukiewicz says. “Maybe less.” Solar cells
so efficient and so relatively cheap could revolutionize the
use of solar power not just in space but on Earth.

The Berkeley Lab is a U.S. Department of Energy national
laboratory located in Berkeley, California. It conducts
unclassified scientific research and is managed by the
University of California.

Additional information

• Effects of the narrow band gap on the
properties on InN,” by J. Wu, W.
Walukiewicz, W. Shan, K. M. Yu, J. W. Ager
III, E. E. Haller, Hai Lu, and William J. Schaff,
appears in the journal Physical Review B,
15 November 2002.

• Investigations of indium gallium nitride
have also been reported in “Unusual
properties of the fundamental band gap of
InN,” by Wu, Walukiewicz, Yu, Ager, Haller,
Lu, Schaff, Yoshiki Saito, and Yasushi
Nanishi, Applied Physics Letters, 27 May
2002, and in “Small band gap bowing in In1-

xGaxN alloys,” by Wu, Walukiewicz, Yu, Ager,
Haller, Lu, and Schaff, Applied Physics
Letters, 24 June 2002.

BD

Light emitting diodes made of
indium gallium nitride held clues
to the potential new solar cell
material. +

bauxite ore by way of an electrochemical process using large
amounts of electricity and the transport of these aluminum ingots
to the end-user markets was the first step to export electricity
abroad, as aluminum has a high electricity equivalent:  each
kilogram of aluminum produced represents about 14 KWh of
electricity. This means that if we ship 20,000 Tons of aluminum,
we would be transporting the equivalent of 20,000,000 * 14 KWh
of electricity. This is 280 GWh of electricity, enough to power
500,000 households for a year.

The transportation of electricity from Iceland to end-user markets
such as the USA and Europe can be done in different ways,
directly – as electrical current or as stored electrical energy- or
indirectly – as a fuel of some kind.

Indirect transport of electricity

The indirect way: Hydrogen could be generated from water by
electrolysis, requiring large amounts of electricity. However, the
electrolysis process itself is about 70% efficient, and to transport
hydrogen, it would require high pressurization or liquefaction to
be able to transport this fuel. This would require additional energy.
Finally, the generation of electricity back from the hydrogen by

way of fuel cells would have, at best, an efficiency of 60%.
Transporting electricity via the hydrogen/fuel cell route would
have a total efficiency of 35% at best, but probably less. Further
unsolved problems at the moment are: the safety of transporting
pressurized or liquefied hydrogen over the North Atlantic
ocean by ship and the current lack of reliable and low-cost
fuel cells.

There may be another way to transport electricity indirectly,
using the aluminum as a fuel. As stated above, if we ship
20,000 tons of aluminum, we would be transporting the
equivalent of 280 GWh of electricity, enough to power 500,000
households for a year. Contrary to liquid hydrogen, aluminum
ingots can be shipped safely and easily. The question, of
course, is how can we free this electricity from the aluminum
transported.

This can be done in an aluminum battery. Using aluminum
electrodes in a simple electrochemical cell, filled with seawater
or sodium hydroxide solution and using a nickel-manganese
counter electrode, the aluminum will be oxidized to Al(OH)3
(aluminum hydroxide) and give off 3 electrons per aluminum
atom used up in the reaction. A large part of the electricity

Iceland continued from page 2
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stored in the above 20,000 tons of aluminum can in this way be
released, generating about 280 GWh of electricity and about
60,000 tons of Al(OH)3 sludge. This sludge could be recycled
back to Iceland to generate again 20,000 tons of aluminum to
start the process of electricity generation anew.

Technically, this should all be very possible to do, but there is
a snag. The average price for aluminum is 1350 Euro/ton (March
2004), so the electricity generated in this way would be minimal
10 Eurocent/KWh but probably twice as much as cost for
aluminum transport and costs for the batteries, upkeep,
personnel, etc. are not included. So, simply burning aluminum
is an economically unfeasible option.

Direct transport of electricity

In 2001, the Icelandic government announced a project called
Icelandic Submarine Cable
Project. The idea was to export
25% of the nation’s electricity
generation potential to Europe
via electrical cables. Hydro-
and geothermal power stations
would be built (up to 30
facilities), requiring a 4,140
million Euros investment
(including infrastructure). Two
1200 km long submarine high
Voltage cables would be laid
between East Iceland and
Germany at a total cost of 3,500
million Euros. Each cable would
have a transport capacity of 550
MW of high Voltage DC current.
On each end of the cable,
special converter stations
would change the high Voltage
DC current in 50 Hz AC 3-phase
current, suitable for the national
electrical grid. This would
require an additional 500 million
Euros investment. So, for a total
investment of about 8 billion
Euros, a net transport of 8 TWhr
annually could be realized.
However, also here simple
economics pose a snag:
amortizing the investment over
40 years and requiring an
average Return On Investment
(ROI) of 6 % (a very modest
profit for the investors), the
electricity price on the point of
delivery would be at least 65
Euro/MWh, but probably more.
This exceeds the current
wholesale price of electricity in

Germany by a factor of 1.5, so it is too expensive, just as the
simple Aluminum battery is too expensive.

However, instead of “burning’’ the aluminum in simple
electrochemical cells, a rechargeable Aluminum battery can
be used. Such batteries are being developed by Europositron2

in Finland. They claim the following specifications for their
technology:

Energy density: 2100 Wh/litre or 1330 Wh/kg
Cycle times: 3000+ cycles
Working temperatures: –40 C to +70 C
Lifetime of battery: 10 to 30 years

Exact details of the Europositron technology are not known,
but from literature of similar designs it is clear that the claimed
energy density represents a breakthrough. As a reference,

Figure 1 Claimed electrical storage capacities by Europositron3

Let’s assume  we equip a large ship with 200 giant batteries, each the size of a 40-foot
shipping container. Each battery will weigh about 220 tons, so a 50,000 BRT ship can carry
these. The batteries are charged fully in Iceland, making use of cheap electricity from
hydropower or geothermal power. The 200 batteries will contain about 50 GWh electricity
when fully loaded. The ship – electrically powered of course – sails to the west coast of
Denmark or England, or to the East coast of the USA. There it delivers its electrical charge
into the national grid, but it keeps some batteries charged for the return trip to Iceland. It
sails back and charges again. In one year, the ship can make 60 return trips, delivering
about 3 TWh electricity annually. It can do so 3000 times before the batteries are worn out
and must be replaced. This is after about 40 years. A simple cost calculation shows that the
electricity can be delivered at the end market for a rather low price, 25 to 30 Euro per mWh.

Transporting electricity in this way avoids costly investments in cables and conversion
stations, as the low voltage DC current from batteries (put in series to give 48 to 100 Volt
DC) can be converted in high Voltage AC current much easier. The investments in ships
and giant batteries are also much lower than the Cable Project. +
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look at US Patent 6,482,548 (Nov 2002), issued to Glenn Amatucci
of Telcordia Technologies in Morristown, N.J. In that patent, a
Lithium-Aluminum dual-cation rechargeable battery cell is
described with vanadium pentoxide and lithium-silicide
electrodes separated by a nonaqueous electrolyte. Charge
capacities of up to 525 mAh/g are reported for this battery. At a
Voltage of 1.4 V per cell, this comes close to the claimed 1330
mWh/g for the Europositron battery.

Conclusion.

If Europositrons claims are correct and long lived giant aluminum
batteries can be made with low self-discharge and at reasonable
cost (about 15-20 Euro/Kg), ‘shipping’ electricity from Iceland
to mainland Europe or the East coast of the USA can be a viable
way to import electrical energy from places where electricity
can be cheaply made to places where a huge demand exists for
clean energy.

About the author

Dr. Pieter van Pelt is a retired chemical scientist from Philips
Electronics and recently interested in energy matters. He is not
affiliated with Europositron nor endorses their specific
technology of which he has no in-depth know-how. He lives in
Best (near Eindhoven) in the South of The Netherlands.

Reference

1  Address delivered by the Icelandic Minister of Energy and
Commerce at “Hydroforum 2000” in München, September 12,
2000.

2 http://www.europositron.com
3 http://www.europositron.com
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P o r ta ls
To What others are Saying

Batteries/Chargers

Avoid pitfalls when recharging batteries to ensure long life.

An excellent overview of charging for Nickel and Lithium-ion
based chemistries is presented. This article should be in every
battery designer’s notebook. The considerations for  delta V
and delta T in nickel charging are presented. False peaks,
temperature conditions, charge times and even some
consideration of aging are presented.

Portable Design,  June 2004, pp. 18-28
*

Proper charging for LiIon batteries
From the IC charger supplier’s viewpoint, many Lithium-ion
charge features can be provided to the charger designer from
Voltage ranges, measurement accuracies, high duty cycles and
ability to suppress noise form ceramic capacitors with popular
inductor sizes.

Portable Design,  June 2004, p 22
*

How much time before recharging your battery pack
Semiconductor vendors offer sophisticated gas-gauge IC
algorithms to maximize recharging and also compensate for aging
effects. Difficulty in determining charge content is amplified by

varying rates of discharge. Updating capacity algorithms use
methods such as cycle counts, coulomb counting, and ever
improving impedance measuring techniques.

Portable Design, June 2004, p. 26
*

Batteries/ Lead-acid/Business

Indian Company Hopes to Put Cheap Batteries in HEVs

Researchers at the Indian Institute of Sciences (IIS), have
developed a method for making Lead-acid batteries with high
energy densities to 50 Wh/kg.  Grid materials are made from
plastics which have a 10 micron tin oxide layer to protect them
from the acid and another 10 microns of copper followed by a
100 micron coating of lead. Laboratory testing has confirmed
the energy density, ability to be fast charged and corrosion
resistance.  The technology is being upscaled to produce field
test units.  Applications are targeted for the HEV, EV and
industrial high power  short duration requirements.
Commercialization is expected to be three years away.  One-
third of the funding is provided by the Indian Federal
Department of Industrial and Scientific Research.

IEEE Spectrum ONLINE, May 27, 2004, www.spectrum.ieee.org
*

Batteries/Lithium
Professor is mired in patent lawsuit

University of Texas (UT) Professor John B. Goodenough
developed much of the technology used in lithium based
batteries during his career at Oxford University. In 1986, he
moved to the University of Texas and continued to pursue
lithium-based battery technology. In 1993 Professor
Goodenough was asked by Nippon  Telegraph and Telephone
Corp. (NTT) to allow one of their scientists, Shigeto Okada, to
work under him for a year. Agreement was made with the standard
requirements that all work, contributions and discoveries remain
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the property of UT. Okada was in the program at the time
when a major discovery was made to use lithium phosphate
in the positive electrode. In November of 1994, Okada
returned to NTT; a patent was filed by NTT for the lithium
phosphate technology. UT and its Licensee, Hydro-Quebec
is suing NTT for $300-$500 million.

Houston Chronicle, June 5, 2004
*

Batteries/Performance

Optimal Battery Performance Calls for Different
Solutions in Different Applications

Selection criteria for Nickel-cadmium, Nickel-metal hydride,
Lithium high-end and Lithium polymer batteries is presented
for the designer beginning a new product with battery power.
Consideration is given to charging Voltage regulators and
semiconductor parameters which can contribute to a variety
of cost and performance features.  This is not an in-depth
design tool, but rather a first glimpse of possibilities for new
product teams which do not yet have battery application
experience. The feature was sponsored by National
Semiconductor Corp., which provides integrated circuits
for power and charging applications.

Electronic Design,June 7, pp. 32A-38A
*

Fuel Cells/General

FUEL CELLS GO BACK TO THE FUTURE -- AGAIN

This is an excellent summary of the recent, present and future
expected conditions of both photovoltaics and fuel cells in
power markets.  It is rich in data such as noting the increase
in worldwide solar production in 2003 at 760 MW, up from
550 MW in 2002. Present rates show that PV production is
doubling every two years. Fuel cell R & D funding has been
very weak with U.S. private sector investments falling from
$1.1 billion in 2000 to less than $550 million in 2002. Venture
capital funding has  averaged less than $17.6 million per
year for the last six years. A projection for PV shows  150,000
new U.S jobs by 2020 and new U.S. fuel cell jobs in the range
of 119,000-188,000 by 2021. Neither number allows for the
ongoing draining of jobs to offshore industries.

(Ed. note: The picture presented in this story may have
limitations because of traditional linear thinking which
has underwhelmed so many anticipated improvements, not
the least of which is battery energy density growth, travel
to Mars and genetic engineering marvels. In the story,
starting with a present number of $3 dollars/kWh for PV
today, and with a 50 percent additional charge for  balance
of plant (BOP), the suggestion is made that with a 50 %
drop in PV cost in a decade, the module cost would drop
by 50 percent. But the exercise linearly extends the drop in
BOP by 50 percent without any justification for that
reduction.  This may be a fatal flaw in projecting future

costs in that there is nothing  to suggest that the cost of support
framework, wiring  for electrical conversion,  installation and
maintenance labor costs, real estate costs and/or tax structure will
be reduced to match the reduction in PV costs.  Taking a lesson from
the computer industry, we see that over the last 15 years, the price of
a notebook computer has remained between $1000 and  $4000.
Despite the hoopla of more features, cheaper has not been one of
the contributions.  The futurist should really hope that
implementation of fuel cells and PV will come about because of
disruptive technologies such as occurred with compact discs and
laproscopic surgery.  Unfortunately, disruptive technology
contributions usually provide the buffer to keep total costs
comparable to alternatives as can be seen by the ever spiralling of
health costs despite new technological contribution.  One thing
which is very likely to support the acceptance of PV, the hydrogen
economy and fuel cells is the fact that as oil supplies dwindle, the
cost  of petroleum and gas will take an ever larger percentage of
each individual’s total spending power. At a cost crossover point,
PV, other renewables and a hydrogen-based economy which could
utilize fuel cells will have an opportunity to become competitive.
Another of the story’s projection shows how many new jobs will be
created with the new economy without considering the jobs lost in
closing out the old economies or how many of these jobs will be
shipped to foreign countries as we are now experiencing with
Chinese manufacturing and Indian software and phone service.)

Electronic Design, June 14, 2004 pp. 83 - 84
*

Photovoltaics/Organic

 Organic Solar Cells
As an alternative to the crystalline and thin film photovoltaics
deposited on inorganic structures, the Air Force Research
Laboratories is funding investigation s into flexible organic materials
which can produce electricity from sunlight. Two techniques are being
pursued. The first is an all -polymer organic material and the other is
a dye-sensitized  organic/inorganic material, also termed a hybrid
approach.

The all-polymer approach uses two organic materials. One is an
electron-donating material and the other is an electron-accepting
material. When sandwiched and exposed to light, the charge produced
is transported through the materials to the electrodes producing a
Voltage.

A dye sensitized structure has been developed and in testing has
been shown to produce 10% conversion efficiency. Applications
range from PV panels on tents in the field to lightweight solar panels
for space applications. (Ed. note: Although focused on military
applications, such flexible PV could be a strong component of a PV
economy where mobile energy would became integrated with
crystalline, amorphous and thin film in stationary applications of
PV. Cost, ruggedness, reliability and lifetime characteristics are
needed in both military and civilian applications.)

AFRL Horizons, June 2004. pp.41-42
BD
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Toby’s Column... The DogFather      Hello Readers,

Ah, my midday nap. How much fun...being transfurred to a darkly lit room, I hear voices. Vito
is speaking to a nervous suit with a brim hat. “Tony..., Tony..., Tony...! How often I gotta tell
you, it’s time. You gotta pay your respects to the DogFather for settin’ you up in the
business. He ain’t goin’ to like you passin’ on the opportunity to acknowledge his concern
for you and the missus.”

Sweat pours from Tony’s brow as he replies, “Sure Vito, I am indebted to the DogFather,  but
just havin’ to see him causes me to lose all sense of confidence an’ wonderin’ if he is sizin’
me up for a cement suit.”

“Tony..., Tony..., Tony...! The dogfather wants all of the family to be happy, and that means
you, too. Now go in and give him your regards, and just for old times, let me take care of your piece till you get  out,” replies
Vito.

In the next darkly lit room, I am sitting in my burgundy red leather swivel chair with the bone armrests behind the mahogany
desk holding a Venetian glass ash tray with a big Cuban emitting a cloudy aroma. I am wearing my silk black suit with white shirt
and red tie. My ruby ring of the Sicilian order of the loyal canines is on my third claw of my left front paw. I pack a part of a dog
biscuit into each cheek to give me an older, wiser appearance. Tony meekly walks in and glides over to me, kissing the ring and
saying, “DogFather, I hope I find you well today!”

“Tony..., Tony..., Tony...! You are like my own son. You bring me the light of happiness with the smile on you face,” I reply.

He sheepishly generates that smile and breathes a sigh of relief. “Dogfather, I have come to thank you for the opportunity you
have given me to have a place in the organization. My skills are tuned to building the getaway cars with the breakneck
acceleration due to the battery electric drive. There is no job which cannot benefit from the performance of these vehicles.”

“How about the range?” I ask. Tony tries to still his wrenching hands of the nervousness and replies, “Do not be concerned as
I have loaded enough batteries in it to do at least 70 miles, enough to get us to the exchange car which will remove the scent
for the Heat.”  “Good Job Tony,” I reply. “You should be seeing enough business to keep you busy.”

“Well DogFather, that is the rub. So far I have thirty getaway cars built in the showroom, but no potential customers. What
am I doing wrong?”

“Tony,...” I reply, “...you are not doing things wrong, you just need to get the word out.” “And just how does that get done
DogFather?” Tony asks.

“Tony..., Tony..., Tony...!” Says I. “... You need to advertise in Batteries Digest. People who are looking for new information are
visiting there.” Tony  replies, “Yes, DogFather, but do I advertise in the Newsletter or on the Website?” “Tony..., Tony...,
Tony... You can get an annual contract which allows advertisers to simultaneously get ad space in the Newsletter and the
website.” says I.

“DogFather, I thought we were getting out of ‘contracts’ with the new business model!” Tony exclaims. “Yes, but this is only
a contract where you pay cash for the ad space for the year,” I tell him. With a sigh of relief, Tony asks, “but will this get to my
type of customer?”

“Tony..., Tony..., Tony... The big hitters show up for this information. BD has readers making seven and eight figures; many
of whom I might add, actually pay taxes on that roll.” I say. “But how about the banks?” Tony asks. “ No banks, a few venture
capitalists, and now and then some Wall Street Analysts, but you are safe from the banks.” I reply. Tony breathes a sigh of
relief and then says, “DogFather, I have my best getaway car fitted with double wall bulletproof glass and steel panels
downstairs. It would make me happy to see you use it as a token of my gratitude.”

“Thank you, Tony, your mamma has raised a good boy.”

Pop! I am awake in my own back yard, but as I sniff the air I wonder where that stinky cigar smell is coming from.

TOBYTOBYTOBYTOBYTOBY
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BATTERIES
ELECTRONICS
ENVIRONMENT
FLYWHEELS
FUEL CELLS
SOLAR CELLS
SUPERCAPACITORS

World News

Batteries/Alkaline and Batteries/Business

Energizer Holdings  wins a patent dispute over importation of
certain Alkaline batteries into the United States.  A U.S.
International Trade Commission judge ruled that the import
and sale of zero-mercury-added Alkaline batteries  be barred.
The International Trade Commission will make a final ruling by
September 2, 2004.

Batteries/Business

According to the Roland
Berger  report, as reported
by  the Xinhua news agency
in China on June 20th,
China has produced the
world’s most batteries.
China is said to also be
Number 4 in the world for
producing cars.    The
Report also stated that
Ford’s purchases in China
would top US$10 billion  in a
few years.

BST Systems, Inc., a NASA
and defense contractor, is
investigated by the U.S.
Federal authorities.  BST
has issued a statement which
reads, “BST is cooperating
fully to respond to the
investigators’s inquiries and
at this time has no further
comment.”

BST is probably best known
for its Silver-zinc battery
which powered NASA’s
Pathfinder (rover)   that landed on Mars in 1997.

The European Portable Battery Association’s (EPBA’s)
environmental  statutory  position  has  SAFT leaving the
Association.  “Indeed it has become increasingly difficult to
resolve differences between EPBA’s positions, defined by the

big primary consumer battery manufacturers and Saft’s
ambitious environmental policy promoting the collection and
recycling of all its batteries’ technologies,” regrets Francois
Bouchon from Saft, former Treasurer of the EPBA.

The European Commission’s proposal would require industry
to accept producer responsibility for the collection and recycling
of its batteries.

Batteries/Lead-acid

EaglePicher Inc. and Idling Solutions market EaglePicher
Horizon batteries to independent truckers.  The new high
performance battery will allow truckers to run “creature
comforts” without idling their trucks for eight to ten hours before

Batteries/Business

New classes of advanced batteries have been commercialized during the last 10 years, including
Nickel-metal hydride,  secondary Lithium and Zinc-air.  Improved micro-electronic battery
charger controller technology is allowing the commercialization of whole new classes of
batteries (notably rechargeable Alkaline and Lithium-ion) and is improving the marketability
of existing battery systems (notably Nickel-cadmium and Lead-acid).

Lead-acid and Nickel-metal hydride will dominate the HEV/EV market while Nickel-metal
hydride battery sales will drop with lithium technologies rising.  Stationary and UPS applications
(not shown in the chart)  will grow more slowly over the period from 2003 - 2008.

(Report Highlights are  from “GB-197N Large and Advanced Battery Technology and Markets”
by Sandrine Colson-Inam, Ph.D., Business Communications Company, website:
www.bccresearch.com) +
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needing recharging.

According to the Argonne National Laboratory’s Transportation
Research Center, a heavy-duty truck idles about six hours a day,
about 1,830 hours per year.  By switching a large percentage  of
that usage to auxiliary devices (battery operated)  can save 1,230
gallons of fuel per year and reduce one truck’s annual emissions
by 17 tons of CO2, 615 pounds of nitrogen oxides and 10 pounds
of particulate.

Currently, the Horizon batteries are made in China, but EaglePicher
is building a new manufacturing plant in Grove, Oklahoma, and
when the facility is completed,  the manufacturing will be moved
to the United States.

Batteries/Lithium-ion

Sanyo Electric changes its design of Lithium-ion batteries to use
less cobalt.  In reviewing figures from the Metal Bulletin, cobalt
prices rose  to about $25.00 per pound in early June 2004  from
$9.30  early September 2003.

Batteries/Silver-oxide

Energizer develops Multi-Drain
watch batteries.  The new Silver-
oxide cell chemistry allows the
battery to be used in both low drain
(analog) and high drain (digital)
watches.  The new cell chemistry
has resulted in a performance
improvement by increasing the
shelf life of the battery by 40%, from
the current five years to seven
years.  The Multi-Drain range will
be available in August 2004.

Fuel cells/Methanol

University of Florida (Gainsville)
researchers have concluded that
producing methanol from coal
offers a cost effective pathway for
supplying hydrogen for future fuel
cell vehicles.  According to the
Methanol Institute, the study
investigated pertinent cost to
drivers and compared future costs
for various fuel options for fuel cell
vehicles.  Costs were projected for
the year 2020, based on factors
such as feedstock supply and
demand, fuel production methods,
transportation, storage and taxes.
Using high and low cost scenarios
for natural gas, the cost to generate

hydrogen at the feedstock plant and deliver gaseous hydrogen to a
fuel cell vehicle at the fueling station may cost between $4.32 and
$3.44 per gallon equivalent gallon.  Employing similar economic
projections, the cost to produce methanol from coal, transport the
wood alcohol fuel to the station, and produce hydrogen under the
hood of a fuel cell car using an on-board fuel processor is estimated
to be just $1.77 per gasoline equivalent gallon.   While there are
important environmental issues to be resolved with the production
of methanol from coal, the reforming of coal-based methanol on-
board a vehicle is likely to provide the least expensive hydrogen of
the fuels considered.

Fuel Cells/Automotive

General Motors (GM) sets distance record in Europe with its
Hydrogen- fuel cell powered minivan.  The vehicle covered  6,059
miles through 14 countries in 38 days, which nearly doubles the
previous record set by DaimlerChrysler in 2002.  The Electric Drive
Association said the GM vehicle averaged 300 miles a day and
proved its reliability in changing terrain and weather conditions.
The fuel cell stack was replaced once during the  journey.  Refueling
the vehicle with hydrogen took an average of four minutes per fill
up.

Batteries/Lead-acid
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In the U S., the United States Postal Service will use a fuel cell
powered minivan to deliver mail  in Washington, D.C.  This will be the
first commercial use of a GM fuel cell electric vehicle in the U.S.

Photovoltaics

University of California scientists (Richard Schaller and Victor
Klimov)  at Los Alamos National Laboratory demonstrate in their
experiment, a phenomenon in which semiconductor nanocrystals
respond to photons by producing multiple electrons.  The potential
application would be a new generation of solar cells that could produce
possibly as much as 35 percent more electrical output than current
solar cells.

The Los Alamos scientists have demonstrated the use of nanoscale
semiconductor particles which can greatly improve the efficiency of
a carrier multiplication through a significant enhancement of the effect

called impact ionization - a process where an exciton,
created in a semiconductor by absorbing a photon,
transfers the excess energy , which is  normally lost,
as heat to another electron.  Thus, two excitons are
formed for one absorbed photon as a result of this
energy transfer.

Miscellaneous/Environment

American Lung Association’s Air Report states that
the Sacramento region rates seventh in the nation
for ozone pollution and eighth worst for short-term
particulate pollution.  Sacramento,  home of the
California Fuel Cell Partnership and the California
Air Resources Board, does not have a general
population that supports clean air via their actions.

The American Lung Association of Sacramento -
Emigrant Trail’s report  announced the results of a
study of participation in “Spare the Air” days by the
Cleaner Air Partnership.  The study showed that only
1.6 percent of motorists heeded calls  to reduce driving
during “Spare the Air” days in 2003.  Sue Teranishi,
President-Elect of the American Lung Association
of Sacramento-Emigrant Trails, commented on the
study and stated, “Fortunately, great examples of
people dedicated to cleaner air are easy to find;
however, changing habits on a mass scale remains a
challenge.”

Miscellaneous/Environment

The California Air Resources Board (CARB)
releases draft proposal to reduce greenhouse gas
emissions from vehicles by 30% by the year 2014.
Public comment is being accepted until July 2004 ;
the final staff proposal will be released in August
and presented to the Board in September.  For
complete  information,  visit the website:

www.arb.ca.gov/cc/cc.htm.

The Alliance of Automobile Manufacturers is challenging a
global warming abatement law passed by the California state
legislature in 2002 and the follow up proposals by CARB.  The
manufacturers argue that it is a backhanded way to control fuel
economy, which is under federal government authority.

Miscellaneous/Automotive/Environment

The city council in Paris, France passes resolution calling for
a ban on SUVs within its city limits.  If the resolution  is kept in
the overall plan to reduce the city’s gridlock, it will become
effective in 2006.  The Deputy Mayor Denis Baupin stated, “Our
idea is to limit the circulation of the most-polluting vehicles.  This
means SUVs and lots of other vehicles that don’t meet the
European pollution standards.”

BD

The costs for the infrastructure must be borne by  governments as well as
private industry.

This monetary input  is  needed to support the total vehicle fuel cell markets
for autos which are projected to be $727.7 million in 2007 but will grow to
$80 billion in 2013.

Hybrid and personal power represent the most likely avenue for fuel cell
vehicular development.  The analysts at Research and Markets see the
personal vehicle as a transportation entity  for moving around a local region,
back and forth to work and around town to activities and stores.   These
personal vehicles will be good for fuel cells because they will be small and
suitable for one or two people at the most.  Not much power is needed as the
speeds are slow and the pickup not demanding.

(Information is from “Fuel Cell Transportation Market Opportunities,
Strategies, and Forecasts” by  Research and Markets of Dublin, Ireland,
For more information visit: http://www.researchandmarkets.com/reports/
c2133) +

Fuel Cells/ Funding
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A: Laptops are known to be tough hosts on their batteries. The
host demands a stream of uninterrupted power but offers a poor
working environment in return. As a result, the battery cannot
provide the promised runtime and the service cuts short, often
with little notice. In this paper we address the unhappy marriage
between the host and battery, and examine what causes a battery
to deteriorate faster than in other portable devices.

What’s the best battery for laptops?

Batteries for laptops have a unique challenge — they must be
small and lightweight. In fact, the laptop battery should be
invisible to the user and deliver enough power to endure a five-
hour flight from Toronto to Vancouver. In reality, a typical laptop
battery provides only about 90 minutes of service. Many users
complain of much shorter runtimes.

Computer manufacturers are hesitant to add a larger battery
because of increased size and weight. A recent survey indicated
that, given the option of larger size and more weight for longer
runtimes, most users would settle for what is being offered today.
For better or worse, we
have learned to accept the
short runtime of a laptop.

The energy density of
modern batteries
improves by about 10%
per year. However, the
benefit of better battery
performance is eaten up
by higher power
requirements of laptops.
This results in the same
runtime but more powerful
laptops.

Most laptops are powered
by Lithium-ion. This
chemistry has a high
energy density and is
lightweight. There is no
immediate breakthrough

on the horizon of a miracle battery that would provide more
power than the current electro-chemical battery.

Fuel cells, when available, will offer a continued stream of power
by allowing the exchange of fuel cartridges when empty.
Unfortunately, commercial fuel cells for laptops and other
portable devices are still several years away. Power handling,
size and cost remain the biggest hurdles. The early fuel cells
will function more like a portable charger than a battery
replacement. The fuel cells currently in use have the difficulty
in providing spontaneous high power on demand.

The runtime of a laptop battery is based on the activity of the
computer. The basic housekeeping, which the computer needs
to stay alive, draws less power than, for example, reading, writing,
computations and searching for files. Manufacturers prefer
using idle time when specifying runtime.

A battery in a laptop ages more quickly than in other
applications because of heat. During use, the inside temperature
of a laptop rises to 45°C (113°F). The combination of high
temperature and full state-of-charge promotes cell oxidation, a

condition that
cannot be reversed
once present. The
battery’s life
expectancy when
operating at high
temperature is half
compared to
running at a more
moderate 20°C
(68°F) or lower.
Leaving the laptop
in a parked car under
the hot sun will also
aggravate the
situation. All
batteries suffer
permanent capacity
loss as part of
e l e v a t e d
temperatures but

Figure 1: Net runtime. The energy density of modern batteries
increases by about 10% per year. This gain is compensated
by the demand for better laptop performance. The runtime
remains the same.

Ask Isidor About Batteries...

Q: How is the Right Battery Chosen for Portable Computing

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. +
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Lithium-ion is affected more than other battery chemistries.

Some Japanese computer manufacturers have introduced a
number of sub-notebooks in which the battery is mounted
externally, forming part of the housing. This design improves
battery life because the battery is kept at room temperature.
Some models carry several size batteries to accommodate
different user demands.

Lithium-ion is well suited for laptop users who continually switch
from fixed power to battery use. This user pattern is typical for
those in the sales, service and medical field. Here is the reason
why:

With nickel-based batteries, the charger applies a full charge
each time the portable device is connected to fixed power. The
battery is put on charge until a signal is received indicating that
the battery is full. This signal is in form of a Voltage change or
rising temperature. Because of the sluggish response, permanent
capacity loss occurs caused by overcharge and elevated
temperature. Lithium-ion only receives charge if the voltage is
low.

How to calibrate the battery

Most laptop batteries are ‘smart’; meaning that they know how
much energy is left. Such a feature has definite benefits but the
readings are often inaccurate. A laptop may indicate 30 minutes
of remaining runtime when suddenly the screen goes dark. Here
is the reason why:

With use and time, a tracking error occurs between the chemical
battery and the digital sensing circuit. The most ideal use of the

‘smart’ battery, as far as fuel-gauge accuracy is concerned, is a
full charge followed by a full discharge at a constant current. In
such a case, the tracking error would be less than 1% per cycle.
In real life, however, a battery may be discharged for only a few
minutes and the load may vary widely. Long storage also
contributes to errors because the circuit cannot accurately
compensate for self-discharge. Eventually, the true capacity of
the battery no longer synchronizes with the fuel gauge and a
deliberate full charge and discharge is needed to ‘relearn’ or
calibrate the battery.

What happens if no battery calibration is done? Can such a
battery be used in confidence? Most ‘smart’ battery chargers
obey the dictates of the chemical cells rather than the electronic
circuit. In this case, the battery will fully charge regardless of
the fuel gauge setting and function normally, but the digital
readout will become increasingly more inaccurate. If not
corrected, the fuel gauge simply becomes a nuisance.

At what point of a discharge does the reset occur? Lithium-ion
is considered fully discharged between 2.5 and 3.0 Volts per
cell. The electronic circuit in the battery is designed to reset
between these Voltage levels. A problem occurs if the laptop
cuts off before this low Voltage can be reached. In such a case,
an external charger with discharge function may be used. Cadex
Electronics manufactures ‘smart’ chargers and battery
analyzers, both of which can be used to test and calibrate the
‘smart’ battery.

BD

Battery Replacement Data Book for
2004 is now available

The 2004 Data Book -- which describes the BCI
Group Number size and cold cranking Amps for
practically every auto, truck, farm vehicle, industrial
vehicle and lawn tractor -- is now available from
Battery Council International (BCI.)

Also included is information on booster cable
connections, safe handling procedures, and full
dimensional definitions of all  BCI Group numbers.
The battery chemistry described is generally Lead-
acid.

In addition to being available in paper form, the Book
is also provided on CD Rom. For the quantity price
schedule, contact BCI at 1-312-644-6610, fax 1-
312-527-6640 or e-mail: info@batterycouncil.org.

BD
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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

Advertisers get locations in the Newsletter, the Web Topics Pages
and the Web Supplier’s Sections.

See the ‘Advertising’ page on the site and call 763-479-6190

Answer – The raw material and the source of the raw material that is used to manufacture a separator can
influence battery performance.  The separator has been quoted as being the third electrode for VRLA batteries.  In
an ad from the May 1928 issue of The Battery Man, (see ad), the separator’s importance is reflected in this
quote, “Greater care must be
taken in preparing separator for
your battery than is necessary in
making the plates.”    As the ad
demonstrates, the importance of
separators and how they are
made and process have been
known for many years.  In the
same magazine, an article en-
titled, “The Wood Separator, A
Discussion by a consulting engi-
neer on this vital part of a stor-
age battery-giving his opinions as
to the construction in use of the
same” by Gustave H. Rabenalt,
discusses how the species of
wood will impact performance of
a battery. BD

Question – Can the material used by a
separator manufacturer influence the
separator’s influence on battery
performance.
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        MEETINGS
Consult the Meetings page of  www.BatteriesDigest for more information

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

June 2005

Junior Solar Spring Northeast Championship
Over 200 middle school students with model solar cars

www.nesea.org
*

 42st Power Sources Conference
(June 2006)

Philadelphia, PA
Contact Ralph Nadell at Rnadell@pcm411.com


