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e
Comparing Marine Battery Technologies

(Gel, Absorbed Glass Mat (AGM), Flooded Lead Acid, and
Nickel-Cadmium)

While | was on amonth long assignment in Washington DC in 1999, | read an article on battery
management in the 1999 Ocean Navigator "Annual" issue that | thought was deeply flawed. The
contributor, Chuck Husick, illustrated how he thought one should maintain and configure a marine
battery system. Some of his key recommendations ran counter to accepted industry policies and physical
laws that | had read about in Nigel Calders excellent Boatowners Mechanical and Electrical Manual, as

well as web-resources like the Ample Power web-site and their line of books.

Theresearch | conducted for my letters to the editor led to this collection of web pages. For my purposes,
Lifeline Absorbed Glass Mat (AGM) batteries are the best choice, but every battery technology hasits
strengths and weaknesses. Naturally, | have no commercial affiliation with any battery or charge system
manufacturer. | suggest you start off with my Lead-Acid Battery Glossary Page to familiarize yourself

with all the terms that will be used throughout this site.

L earn more about the different types of marine lead-acid batteries currently on the market with my page
on |ead-acid battery technology (Flooded, Gel, and AGM). | discuss the features of traditional flooded
lead-acid batteries commonly found in cars and most boats versus Valve-Regulated Lead Acid (VRLA)
batteries like Gel and AGM. Each battery technology hasits virtues and its downsides, so it isimportant
to understand them and then make the decision which best suits one's own needs.

Next, | researched what sensible people have written about how to size your battery capacity. The
industry consensusis usually 4x your daily energy needs, although it depends on the type of battery your
have on board, as well as your charging system, available space, weight considerations, and usage
profile. However, starting off with at least 4x allows you some breathing room later when/if you add
more electric circuits.

On another page, | have assembled a number of arguments why the average marine user would only want
two battery banks on board (house + starter) and how such a bank configuration leads to better battery

performance, longer battery life, and higher safety. Basicaly, the less you discharge a battery, the better.
Fast discharges are also harmful and lower available battery capacity (see Peukerts law).

Chuck Husick made a number of assertions in his responses about battery costs, so | looked into those as
well. A cost model later, | had a number of startling results. Namely, that AGMs worked out to be
less-expensive for my marine application, despite having ahigh initial cost, due to their superior features.
Over thelife of the AGMs we would save alot more on lower maintenance costs, fuel consumption, etc.
than the premium we spent initially (when such a premium exists).

| then go on to explain how my bulk charging model works. Thisis arather smple cost model (hey, it's
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my spare time) but it covers the battery conditions usually found on cruising sailboats ( bulk-charging,
I.e. not fully charging the battery banks except on occasion). The model is available for free and runson
Microsoft Excel (see the page for details). A later cost model also looks at replenishing batteries beyond
the bulk stage.

| then go to wrap up my marine battery technology findingsin the Conclusions page. | detail what battery
technology | chose and why.

For those who are interested in the written volleys between myself and Chuck Husick, | have preserved
the e-mails for your review. | found the exchange quite amusing and thought-provoking. While his essay

made me research this topic enough to make an informed purchase decision, Chuck Husick has yet to
convince me and the rest of the battery industry that hisideas are superior. After al, when confronted
with contradicting evidence, he decided to "withdraw from the discourse".

Anyway, last but not least, | have assembled some

Some Great Battery Links:

Introductions to Batteries . .
Experiences with AGMs:

o William Darden's fantastic Battery
Pages

o Actua User Experiences with AGMs

o Switching from Flooded to AGM in
off-grid applications

e A RV'ers perspective on AGMs
e AGMsasused in Electric Boats
« Solomon Technologies, manufacturers

Battery Manufacturers /
Distributors:

windsun.com AGMs
o« Amsolar on how Lead Acid batteries
work
» Optima Battery FAQ Marine electrical Systems:

o Lifeline AGM batteries by Concorde
e Sierra Solar on Concorde AGMs

o DC Battery, great for battery
information

« Jm Thompson's Primer on Boat
Electronics

« Ample Power on electrical systems

« Rolls/Surrette, manufacturer of high » The Red Beard Yacht Systems primer
end flooded cédlls o Anchor Y achts on marine electrical
systems

o A battery site for those down under

o Outback Marine (scroll down to Battery
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section) Other Battery Sizing
o Batteryweb on AGMs Recommendations:
o BatteryStuff Web site with some prices _ .
and capacities o Glacier Bay on battery bank sizing and

herci
« Jack Rabbit Marine on Batteries charging

o SALT Systems on Batteries

=

Questions? Contact me here. Site content © 1997-2004
andisHTML 4.01, and CSS compliant. Please support W3C standards! Terms of Use
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it
How Lead Acid Batteries Work

Here is a short run-through of how lead-acid batteries work. I'll start with some basics and work my way up -
hence the absence of an alphabetical order. Depending on your familiarity with the subject, you may want to
scroll down more or less.

Voltage

Voltage is an electrical measure which describes the potential to do work. The higher the voltage the
greater itsrisk to you and your health. Systems that use voltages below 50V are considered low-voltage
and are not governed by an as strict (some might say arcane) set of rules as high-voltage systems.

Current

Current is a measure of how many electrons are flowing through a conductor. Current is usually measured
in amperes (A). Current flow over time is defined as ampere-hours (a.k.a. amp-hours or Ah), a product of
the average current and the amount of time it flowed.

Power

Power is the product of voltage and current and is measured in Watts. Power over timeis usually defined
in Watt-hours (Wh), the product of the average number of watts and time. Y our energy utility usualy bills
you per kiloWatt-hour (kwh), which is 1,000 watt-hours.

What is aLead-Acid Battery?

A lead-acid battery is a electrical storage device that uses areversible chemical reaction to store energy. It
uses a combination of lead plates or grids and an electrolyte consisting of a diluted sulphuric acid to
convert electrical energy into potential chemical energy and back again. The electrolyte of lead-acid
batteries is hazardous to your health and may produce burns and other permanent damage if you come into
contact with it. Thus, when dealing with electrolyte protect yourself appropriately!

Deep Cycle vs. Starter Batteries

Batteries are typically built for specific purposes and they differ in construction accordingly. Broadly
speaking, there are two applications that manufacturers build their batteries for: Sarting and Deep Cycle.

o Asthe nameimplies, Starter Batteries are meant to get combustion engines going. They have many
thin lead plates which allow them to discharge alot of energy very quickly for a short amount of
time. However, they do not tolerate being discharged deeply, as the thin lead plates needed for
starter currents degrade quickly under deep discharge and re-charging cycles. Most starter batteries
will only tolerate being completely discharged afew times before being irreversibly damaged.

o Deep Cycle batteries have thicker lead plates that make them tolerate deep discharges better. They
cannot dispense charge as quickly as a starter battery but can also be used to start combustion
engines. Y ou would simply need a bigger deep-cycle battery than if you had used a dedicated starter
type battery instead. The thicker the lead plates, the longer the life span, all things being equal.
Battery weight isasimple indicator for the thickness of the lead plates used in a battery. The heavier
a battery for a given group size, the thicker the plates, and the better the battery will tolerate deep
discharges.

o Some "Marine" batteries are sold as dual-purpose batteries for starter and deep cycle applications.
However, the thin plates required for starting purposes inherently compromise deep-cycle
performance. Thus, such batteries should not be cycled deeply and should be avoided for deep-cycle
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applications unless space/weight constraints dictate otherwise.
Regular versus Vave-Regulated Lead Acid (VRLA) Batteries

Battery Containers come in several different configurations. Flooded Batteries can be either the sealed or
open variety.
o Sealed Flooded Cells are frequently found as starter batteriesin cars. Their electrolyte cannot be

replenished. When enough electrolyte has evaporated due to charging, age, or just ambient heat, the
battery has to be replaced.

o Deep-Cycle Flooded cells usually have removable caps that allow you to replace any electrolyte that
has evaporated over time. Take care not to contaminate the electrolyte - wipe the exterior container
while rinsing the towel frequently.

VRLA batteries remain under constant pressure of 1-4 psi. This pressure helps the recombination process
under which 99+% of the Hydrogen and Oxygen generated during charging are turned back into water.
The two most common VRLA batteries used today are the Gel and Absorbed Glass Mat (AGM) variety.

o Gel batteries feature an electrolyte that has been immobilized using a gelling agent like fumed silica.
o AGM batteries feature athin fiberglass felt that holds the electrolyte in place like a sponge.
Neither AGM or Gel cellswill leak if inverted, pierced, etc. and will continue to operate even under water.
Battery Cells

Battery Cells are the most basic individual component of a battery. They consist of a container in which
the electrolyte and the lead plates can interact. Each lead-acid cell fluctuates in voltage from about 2.12

Volts when full to about 1.75 volts when empty. Note the small voltage difference between afull and an
empty cell (another advantage of |ead-acid batteries over rival chemistries).

Battery Voltage

The nominal voltage of alead-acid battery depends on the number of cells that have been wired in series.
As mentioned above, each battery cell contributes anominal voltage of 2 Volts, so a12 Volt battery
usually consists of 6 cellswired in series.

State of Charge

The State of Charge describes how full a battery is. The exact voltage to battery charge correlation is
dependent on the temperature of the battery. Cold batteries will show alower voltage when full than hot
batteries. Thisis one of the reasons why quality aternator regulators or high-powered charging systems
use temperature probes on batteries.

Depth of Discharge (DOD)
The Depth of Discharge (DOD) is a measure of how deeply abattery is discharged. When a battery is

100% full, then the DOD is 0%. Conversely, when a battery is 100% empty, the DOD is 100%. The
deeper batteries are discharged on average, the shorter their so-called cycle life.

For example, starter batteries are not designed to be discharged deeply (no more than 20% DOD). Indeed,
if used as designed, they hardly discharge at all: Engine starts are very energy-intensive but the duration is
very short. Most battery manufacturers advocate not discharging their batteries more than 50% before
re-charging them.

Battery Storage Capacity
The Amp-hour (Ah) Capacity of a battery tries to quantify the amount of usable energy it can store at a
nominal voltage. All things equal, the greater the physical volume of a battery, the larger itstotal storage

capacity. Storage capacity is additive when batteries are wired in parallel but not if they are wired in
series.
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Most marine, automotive, and RV applications use 12V DC. Y ou have the choice to either buy a 12V
battery or to create a 12V system by wiring several lower-voltage batteries/cellsin Series.

When two 6V, 100Ah batteries are wired in Series, the
voltage is doubled but the amp-hour capacity remains
100Ah (Total Power = 1200 Watt-hours).

Y ou may decide to wire batteriesin series because asingle
12V battery with the right storage capacity is simply too
— + heavy, unwieldy, or awkward to lift into place. Batteries
LA L b4 consisting of fewer cells (and hence lower voltage) in
Battery Battery series can provide the same storage capacity yet be
portable. It is not unusual to see solar power installations
where the battery bank consists of a sea of 2V batteries

that have been wired in series.

Two 6V, 100Ah batteries wired in Parallel will have atotal storage capacity
6V of 200Ah at 6V (or 1200 Watt-hours).

Battery banks consisting of 12V batteries wired in parallel are often seen on
OEM installations in boats and RVs alike. Such banks are ssimple to wire up
- and require aminimum of cabling. However, the wiring must have the
SV capacity to deal with a full battery bank.
Battery
Y ou should fuse each battery individually in such a bank to ensure that a
battery gone bad will not affect the rest of the bank.

+ —
SV

Battery

Battery banks wired in Series-Parallel are even
more complicated. Here, four 6V cells are wired
in two "strings’ of 12V DC that were then wired
in parallel. Using 6V, 100Ah batteries, this
system will have a storage capacity of 200Ah at
12V or 2,400Wh.

Since such a system has more wiring, it isvery
important to group "strings" logically and to label
everything. Furthermore, it isavery good ideato
fuse every "string" of series-wired batteriesto
ensure that a problem in one part of the battery
bank does not take the whole bank down.

6V
Battery

[V
Battery
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We use Group GPLA4C batteries exclusively on

G our boat. Since these batteries have anominal
Battery voltage of 6V, we have wired them in series for
the starter bank (2 batteries) and series-paralell
for the house bank (4 batteries).

+ —
LA

g -

Battery

Despite advances in instrumentation, the battery industry mostly still advertises amp-hours as a capacity
measure instead of watt-hours. Hopefully, the battery and marine power instrumentation industry will
make atransition to Watt-hours (Wh) in the future.

Available Capacity versus Total Capacity

Since batteries depend on a chemical reaction to produce electricity, their Available Capacity dependsin
part on how quickly you attempt to charge or discharge them relative to their Total Capacity. The Total
Capacity is frequently abbreviated to C and is a measure of how much energy the battery can store.
Available Capacity is always less than Total Capacity.

Typically, the amp-hour capacity of a battery is measured at arate of discharge that will leave it empty in
20 hours (ak.a. the C/20 rate). If you attempt to discharge a battery faster than the C/20 rate, you will have
less available capacity and vice-versa. The more extreme the deviation from the C/20 rate, the greater the
available (as opposed to total) capacity difference.

However, as you will discover in the next section, this effect is non-linear. The available capacity at the
C/100 rate (i.e. 100 hoursto discharge) istypically only 10% more than at the C/20 rate. Conversely, a
10% reduction in available capacity is achieved just by going to a C/8 rate (on average). Thus, you are
most likely to notice this effect with engine starts and other high-current applications like inverters,
windlasses, desalination, or air conditioning systems.

For example, the starter in an engine will typically quickly outstrip the capacity of the battery to keep
cranking it for any length of time. Hence the tip from mechanics to wait some time between engine start
attempts. Not only does it allow the engine starter to cool down, it also allows the chemistry in the battery
to "catch-up". Asthe battery comes to a new equilibrium, its available capacity increases. A very elegant
equation developed in 1897 by a scientist called Peukert describes the charging and discharging behavior
of batteries.

The Peukert Effect
Asyou can see below, the Peukert equation consists of several factors.

Peukerts Equation: I"x T=C

where
o | isthe current (usually measured in amperes)
o Tistime (usually measured in hours)
o nisthe Peukert number / exponent

o Cisthetheoretical storage capacity of the battery (usually measured in amp-hours). Use the C/100
capacity or add 10% to the storage capacity at the C/20 rate.

Asyou can see, the available current is dependent on the rate of discharge and the Peukert exponent for
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the battery. The closer the exponent isto 1 (one), the less the avail able capacity of a battery will be
affected by fast discharges. Peukerts numbers are derived empirically and are usually available from
manufacturers. They range from about 2 for some flooded batteries down to 1.05 for some AGM cells.
The average peukerts exponent is 1.2 though the exact number depends on the battery construction and
chemistry.

The following image shows the dramatic impact of the Peukerts exponent on the available capacity of a
120Ah battery, depending on the ampere draw. As you can see, the lower the Peukerts Exponent, the lesser
the effect on available capacity. Note the dramatic difference in Available Capacity between the average
flooded cell (n = 1.20) and adeep cycle AGM (n = 1.08) with high-current applications.

In the above picture, note how the low exponent battery (topmost curve) has more than four times the
available capacity over a high-exponent battery (lowest curve). This chart uses alinear scale.

When the time comes to charge a battery, the Peukerts effect also comes into play. The capacity of a
battery to absorb a charge during the bulk phase is aso dependent on it's Peukerts number. Thisis one of
the reasons why AGM cells can be bulk charged at much higher rates than either Gel or Flooded cells.

Reserve Minutes

Reserve Minutes are a measure of how long your battery can sustain aload before it's available capacity
has been completely used up. This measure is especially useful for folks who want to run inverters,
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fridges, and other large loads. The following chart has a logarithmic time scale (minutes) - hence, the
non-linear nature of the Peukert effect is smoothed out quite a bit.

Note how batteries that have a high Peukerts Exponent will quickly run out of capacity with high loads.
Here, the low-exponent battery will last over 100 minutes with a 50 ampere load, while the high-exponent
battery will last about 20 minutes. Thus, anytime you deal with large loads relative to the battery capacity
available, chose a low-exponent battery. Thisiswhy many wheel-chairs and other electrically motorized
vehicles use AGMs.

This chart answers why starter batteries are built to have alow Peukerts exponent. Otherwise, they'd
simply not be able to crank an engine for more than a few seconds. However, the thin plates that allow
flooded cells to work as starter batteries also make them too fragile for deep-cycle use.

Conversion Efficiency

The conversion efficiency denotes how well a battery converts an electrical charge into chemical energy
and back again. The higher this factor, the less energy is converted into heat and the faster a battery can be
charged without overheating (all other things being equal). The lower the internal resistance of a battery,
the better its conversion efficiency.

One of the main reasons why lead-acid batteries dominate the energy storage marketsisthat the
conversion efficiency of lead-acid cells at 85%-95% is much higher than Nickel-Cadmium (a.k.a. NiCad)
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at 65%, Alkaline (a.k.a. NiFe) at 60%, or other inexpensive battery technologies.
Battery Life

Battery manufacturers define the end-of-life of a battery when it can no longer hold a proper charge (for
example, a cell has shorted) or when the available battery capacity is 80% or less than what the battery
was rated for. The life of Lead Acid batteriesis usually limited by several factors:

o Cycle Lifeisameasure of how many charge and discharge cycles a battery can take beforeits
lead-plate grids/plates are expected to collapse and short out. The greater the average
depth-of-discharge, the shorter the cycle life.

o Age also affects batteries as the chemistry inside them attacks the lead plates. The healthier the
"living conditions' of the batteries, the longer they will serve you. Lead-Acid batteries like to be
kept at afull chargein acool place. Only buy recently manufactured batteries, so learn to decipher
the date code stamped on every battery... (inquire w/manufacturer). The longer the battery has sat in
astore, thelesstime it will serve you! Since lead-acid batteries will not freeze if fully charged, you
can store them in the cold during winter to maximize their life.

o Sulphation is a constant threat to batteries that are not fully re-charged. A layer of lead sulphate can

form in these cells and inhibit the electro-chemical reaction that alows you to charge/discharge
batteries. Many batteries can be saved from the recycling heap if they are Equalized

Equalization
Sulphation layers form barrier coats on the lead plates in batteries that inhibit their ability to store and
dispense energy. The equalization step is alast resort to break up the Sulphate layers using a controlled

overcharge. The process will cause the battery electrolyte to boil and gas, so it should be only done under
strict supervision and with the proper precautions.

It is much more tricky to equalize aVRLA battery than aflooded battery with removable caps. However it
apparently can be done as described at the Ample Power web site. Since | do not have the space here to

describe the Equalization processin detail, 1'd consult some of the links on the index page instead.

Gassing
Batteries start to gas when you attempt to charge them faster than they can absorb the energy. The excess
energy isturned into heat, which then causes the electrolyte to boil and evaporate. The evaporated
electrolyte can be replenished in batteries with removabl e caps such as most flooded deep-cycle batteries.
Many car batteries are sealed and thus need to be replaced when their electrolyte evaporates over time.

Since AGM and Gel cells are aways sealed, it is very important to guarantee they are not overcharged.
The only way to ensure thisis to use a temperature-compensated charging system. Such chargers use a
temperature probe on the battery to ensure that the battery does not get too hot. As the battery heats up, the
charging current is reduced to prevent thermal runaway, a very dangerous condition.

Thermal Runaway
Thisisavery dangerous condition that can occur if batteries are charged too fast. One of the byproducts of
Gassing are Oxygen and Hydrogen. As the battery heats up, the gassing rate increases aswell and it

becomes increasingly likely that the Hydrogen around it will explode. The danger posed by high Hydrogen
concentrations is one of the reasons that the American Boat and Y achting Council (ABY C) requires that

batteries be installed in separate, well-ventilated areas.

Self-Discharge
The self-discharge rate is a measure of how much batteries discharge on their own. The Self-Discharge
rate is governed by the construction of the battery and the metallurgy of the lead used inside.
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For instance, flooded cells typically use lead alloyed with Antimony to increase their mechanical strength.
However, the Antimony also increases the self-discharge rate to 8-40% per month. Thisis why flooded
lead-acid batteries should be in use often or left on atrickle-charger.

Thelead found in Gel and AGM batteries does not require alot of mechanical strength sinceitis
immobilized by the gel or fiberglass. Thus, it istypically alloyed with Calcium to reduce Gassing and
SHlf-Discharge. The self-discharge of Gel and AGM batteriesis only 2-10% per month and thus these

batteries need |ess maintenance to keep them happy.
Battery Group Size
To further complicate matters, manufacturers for marine batteries make them in all sorts of sizes and

voltages. Battery case sizes are typically denoted by a" Group Sze" which has nothing to do with the
actual size of the battery. For example, Group 8D batteries are much larger than Group 31 batteries. Here

are some examples:

Table of Battery Group Sizes, Voltages, and Approximate Exterior Dimensions:

Battery Group Units

21 24 27 30H 31 4D 8D T105 GPL4C L16
Voltage 12 12 12 12 12 12 12 6 6 6 Volts
Length 819 1025 1206 135 13 2075 20.62 10.38 10.35 11.62  inches
width 681 681 681 681 672 875 1095 713 7.06 7 inches

Height 875 887 875 925 944 988 1017 112 1157 1756  inches

Note: Dimensions are approximate and vary by manufacturer. Consult manufacturer data sheets for exact
dimension of container, location and type of terminals, etc.

The group size will merely indicate the approximate exterior dimensions (including terminals) and voltage
of the battery in question. However, the exact dimensions can only be directly obtained from each

manufacturer.
Nickel-Cadmium Cells

Several people have inquired about NiCad cells for Marine environments. | am not a great fan of them due
to their toxicity and their low power conversion efficiency. See my NiCad info page for more information

about the pros and cons of NiCad technology for marine applications.

Now that we understand the lingo, let's move on to the differences between the various types of lead-acid
batteries.

e

Questions? Contact me via e-mail. Site © 1997-2004
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Battery Types: Flooded versus AGM and Gel

Gt o)

Battery Types: Flooded versus AGM and
Gel

On the kinds of batteries we may use on board:

The most common kind of battery in Marine use today is the lead acid battery. Using an electrolyte
consisting of sulphuric acid, these cells can store impressive amounts of electrical energy in arelatively
small space. Thisenergy is stored in chemical form within lead grids mounted inside the battery. The
reliance on lead grids and paste explains the great heft of lead-acid batteries.

The battery universe is further divided along the lines of battery construction. Currently, there are three
common |lead-acid battery technologies: Flooded, Gel, and AGM.

« Flooded or Wet Cells are the most common lead-acid battery-type in use today. They offer the most
size and design options and are built for many different uses. In the marine business, they usually
are not sealed so the user can replenish any electrolyte the battery vented while charging the battery.
Typically, the cells can be access viasmall ~1/2" holes in the top casing of the battery.

The plastic container used for flooded cells will have one or more cells molded into it. Each cell will
feature a grid of lead plates along with an electrolyte based on sulphuric acid. Since the grid is not
supported except at the edges, flooded |ead-acid batteries are mechanically the weakest batteries.

Since the container is not sealed, great care hasto be taken to ensure that the electrolyte does not
come into contact with you (burns!) or seawater (chlorine gas!). The water needs of flooded cells
can be reduced viathe use of Hydrocaps, which facilitate the recombination of Oxygen and
Hydrogen during the charging process.

« Gel Cells use athickening agent like fumed silicato immobilize the electrolyte. Thus, if the battery
container cracks or is breached, the cell will continue to function. Furthermore, the thickening agent
prevents stratification by preventing the movement of electrolyte.

As Gel cells are sealed and cannot be re-filled with electrolyte, controlling the rate of charge is very
important or the battery will be ruined in short order. Furthermore, gel cells use slightly lower
charging voltages than flooded cells and thus the set-points for charging equipment have to be
adjusted.

« Absorbed Glass Mat (AGM) batteries are the latest step in the evolution of lead-acid batteries.
Instead of using agel, an AGM uses afiberglass like separator to hold the electrolytein place. The
physical bond between the separator fibers, the lead plates, and the container make AGMs
spill-proof and the most vibration and impact resistant |ead-acid batteries available today. Even
better, AGMs use almost the same voltage set-points as flooded cells and thus can be used as
drop-in replacements for flooded cells.
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Basically, an AGM can do anything a Gel-cell can, only better. However, since they are also sealed,
charging has to be controlled carefully or they too can be ruined in short order.

Gel and Absorbed Glass Mat batteries are relative newcomers but are rapdily gaining acceptance. There
are some very compelling reasons to use VRLAS:

« Gel and Absorbed Glass Mat (AGM) batteries can dispense charge at a higher rate than flooded
cells dueto their lower Peukerts exponent. Deep-cycle Flooded Cells cannot deliver more than 25%
of their rated amp-hour capacity in amps without plummeting Available Capacity.

0 Deep-Cycle Flooded cell battery manufacturers recommend a4 to 1 ratio between battery
bank size and the largest load encountered on board.

0 AGM and Gel cell manufacturers recommend aratio of at least 3 to 1, asignificant difference
for loads such as the engine starter or windlass.

« Virtually no gassing under normal operating conditions: Unlike flooded cells, gel cellsand AGMs
are hermetically sealed and operate under pressure to recombine the oxygen and hydrogen produced
during the charge process back into water. Y ou find VRLASs in the bilges of high end yachts such as
Hinckley, Hans Christian, Island Packet, etc.. Every boat benefits from alow center of gravity over
the keel (good for righting purposes) and the minimal venting requirements make it possible.

« Theability to put VRLASs in the bilges (they can operate under water should you hole yourself) also
lengthens their lives: For every additional 15 degrees of heat over 77 deg F, lead acid battery life
(regardless of type) iscut in half (batteries self-destruct with time, you can only slow that process).
Chances are, the bilges are the coldest place on board (outside the freezer) and the keel provides
protection.

« VRLAS can operate in any orientation (although you may lose some capacity that way) and eveniif a
container is broken, aVRLA will not leak. Thisis afeature particularly important to blue water
sailors who may encounter survival storms - you don't want to coat the inside of your boat with
sulfuric acid if you ever get rolled. Proper (heavy duty) battery restraints are a must, regardless of
battery type.

» Gedl cellsand AGMs require no maintenance once the charging system has been properly set up. No
equalization charges (usually), no electrolyte to replenish, no specific gravity checks, no additional
safety gear to carry on board in order to protect yourself. If you want to be anal retentive about
VRLASs you can load test them. However, proper charge control and protection is much more
important with VRLAS because once fried it isimpossible to revive them.

« The charge acceptance of AGMs can burn up an alternator. So if you're going to use AGMson
board, ensure you have a high quality charge system from arespected company such as Ample

Power, Balmar, Ferris, Hehr, JackRabbit Marine, SALT, etc. Ensure that the alternator receives
enough cooling air as a hot alternator will produce less energy than a cool one and last longer to
boot. AGMs and to a lesser extent gel cell systems can benefit from using the thermal alternator
protection offered by the Bamar MaxCharge series of regulators, particularly if you expect to bulk
charge your system for extended periods of time and don't have good engine compartment
ventilation.

« Thehigher charge efficiency of AGMs allows you to recharge with less energy: Flooded cells
convert 15-20% of the electrical energy into heat instead of potential power. Gel-cells lose 10-16%
but AGMs as little as 4%. The higher charge efficiency of AGMs can contribute to significant
savings when it comes to the use of expensive renewable energy sources (wind generators, solar

http://www.vonwentzel.net/Battery/01.Type/index.html (2 of 7) [3/18/2004 10:47:18 AM]


http://www.amplepower.com/
http://www.amplepower.com/
http://www.balmar.net/
http://www.charternet.com/greatgear/hamiltonferris/index.html
http://www.hehrpowersystems.com/index.html
http://www.jackrabbitmarine.com/
http://www.salt-systems.com/
http://www.balmar.net/Page12-regulators.htm

Battery Types: Flooded versus AGM and Gel
panels, etc.) as your charging system can be 15% smaller (or just charge faster).

« Whileflooded cells lose up to 1% per day due to self-discharge, VRLASs lose 1-3% per month. Why
employ asolar charger to trickle-charge your battery banks if you don't have to?

« High vibration resistance: The construction of AGMs allows them to be used in environments where
other batteries would literally fall to pieces. Thisis another reason why AGMs see broad use in the
aviation and the RV industry.

Thus, there are some significant differences between battery types in terms of features and construction.
However, there are also some very important figures to consider when it comes to choosing the right
battery: Various capacities, cost, warranty, etc. The following table tries to summarize across brands using
batteries as close to the 8D Group Size as possible

Comparison of Battery Types using severa different measurements

: . VRLA Flooded
Comparing physical West Premi Premi
attribuéeslbet;vezen ol Lifeline Marine Inexpensive SurrﬁeTtI:zz)O Surrﬁe?:gnoo
VRLAsand Floo Cédlls '
AGM (8D) g (gp) Troan (XT105) " irepmy  (12¢S11PS)
Amp-hour capacity (20hr o5 995 005 291 342
rate)
Warranty 1.5/5
(Replacement/Pr o rated) 1/5Years Years 0.5/3 Years 2/5Years 3/7 Years
Life Cycles (@ 50%
DOD) 1,000 500 500 1,250 3,200
Initial Purch. Cost
(USD/12V set) 387 449 152 246 683
Initial Purch. Cost
(approx. $/Ah) $1.52 $2.00 $0.68 $1.11 $2.00
Energy Density (Ah/in”?3) 0.111 0.098 0.136 0.097 0.076
Weight Factor (Ah/Ib) 1.614 1.424 1.815 1.348 1.257
Max. net replenishment
during bulk charge,
accounting for charge  jopnaw 177 85A 85A 85A

limits, efficiency and

assuming a 400Ah battery
bank

| tried to level the playing field by selecting as many group 8D batteries as possible. The two exceptions
are the Trojan T105's and the Surrette 12CS11PS (no series 500 Group 8D battery is manufactured by
Surrette for the marine market). The larger battery size is to the advantage of the Surrette, although it does
not impact results greatly. The Trojan T105's were used because | was not able to find ready pricing on
the Trojan 8D. | would expect results to be somewhat comparable.

* Concorde Batteries used to claim no charge limit on its web-site, while Windsun.com claims 4x

amp-hour capacity. | limit charge current in the cost model to 100% of amp-hour capacity just to be on
the safe side.
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Energy Storage per unit Weight and Volume

& Lieling S0 AGH

+ Sum 120511PE Floodad
0 Sur HTS0M Floodad
WTrojsn T105 Flopded

= 'Wh 51550 Floodad
WY BD AGM

ANV B0 Gel

Here is one of the classic comparisons that people like to make: How much charge the battery can store
per unit weight and per unit volume. As you can see, the Trojan T105 comes out ahead in both
departments due to its low weight and compact construction. However, this construction technigque will
also lead to alower cycle and overal life.

Purchase Cost per unit Weight and Volume
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& Lifaling B0 A

#+ Sur 12C511PS Floodad
O Sur HTEOM Flooded

W Trojan T105 Flopded

& ' 51550 Flooded
oW B0 AGKM

A& a0 Gal

Aswe can see from this chart, the purchase cost per amp-hour and purchase cost per cycle still make the
Trojan T105 look like the most attractive battery. Thus, if you are strapped for weight, space, and cash,
such a battery might be ideal. The Trojan product has thin lead plates that make these batteries lighter but
also shorter lived. Rolls advertises very long pro rata warranty replacement periods for their premium line
that are indicative of the confidence they place in their product.

Premium cells are handicapped by lower energy storage density but offer longer lives and greater
resistance to the self destructive habits of lead acid batteries: Thicker lead plates and a more complicated
product make it possible. Hence, premium cells usually have a higher resistance to vibration, are easier to
service, and have higher cycle lives than their budget competition. Many boat owners are willing to put up
with theinitial purchase pricein return for reliability and not having to replace them every few years.

So what is a "Marine" Battery?

Perhaps it's shocking condiering their retail prices, but most batteries sold through marine hardware stores
do not qualify as premium batteries. Pay close attention to what you're buying. Batteries are not created
egual and brand or price are not the primary indicator for quality. For example:

« Rolls/Surrette make arange of flooded batteries from the super-premium 500/CS series to the
mid-range 300 series that is meant to compete with Trojan, Exide, etc.
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« WestMarineisoffering AGM batteries with a shorter warranty period and higher price than Lifeline
AGMs.

Thus, Caveat Emptor! Try to get as much information about your prospective marine batteries before you
buy or you'll be sorry. Furthermore, consider that premium batteries usually only exist in non-standard
form factors. For example, you will probably have to make some custom modifications to properly
mount/restrain the tall and heavy Rolls/Surrette 500 series (18"+ high, min. 128 [b+ each).

However, life cycle costs are not just a function of the initial purchase costs. Y ou should also consider the
fuel/engine wear savings of using VRLASs over flooded cells. AGMs offer the highest charge acceptance,
efficiency, and areasonably long life which makes them generally a better bargain (see results in cost
model section). Unfortunately, there are fewer shapes and sizes of VRLASs to chose from (relative to the
flooded cell universe anyway), and less familiarity and presence world-wide. On the other hand, VRLAS
can be shipped anywhere by air. Flooded cells have to be bought locally or delivered by surface transport.

| used DEKA gel cellsin the past for comparisons, but West Marine recently brought out a private label
6V gel cell seriesthat they claim will sustain over 1,000 "full discharges'. Given that reputable brands
never claimed more than 600 cyclesin the past, the West Marine clam may be a bit dubious. Due to West
Marine's return policy, I'll give them the benefit of the doubt. West Marine aso released a set of private
label AGMs. Unless | missing something, these are very expensive and have a much lower cycle life than
the Lifeline competition manufactured by Concorde Batteries. Thus, | don't see why anyone would want to
buy a West Marine AGM.

Can | Mix AGMs and Flooded Cells?

While several sources state that you can mix AGMs with regular flooded cells, | would not recommend it
(gel cells have sufficiently different set points to make them totally incompatible with flooded cells or
AGMs). Ideally, your house bank would consist of a number of identical batteries wired in series and/or
parallel that were manufactured on the same day.

So how can | save money with AGMs?

There are many attributes that determine the true cost of a battery technology. Much like incandescent
versus compact fluorescent light bulbs, your choice of battery technology may cost you less up front but
will cost you more over the life of the product. For example, the faster, more efficient bulk charging that
AGMs and gel-cells allow will lead to reduced wear and tear on your charge source (engine, gen-set, etc.).
More on all that later down. Suffice to say that | do not believe the T105 to be a bargain.

How about Nickel-Cadmium Cells?

They have their place. Usually in power plants where there is lots of excess energy, etc. Learn more about
them on my Nickel-Cadmium page.
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Anyway, onwards to sizing and charging requirements! Thisiswhere Lifeline AGMs really start to shine,
assuming your charging system can take advantage of them.

af

Questions? Contact me viae-mail. Site © 1997-2004
andisHTML 4.01, and CSS compliant. Please support W3C standards! Terms of Use
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Sizing a Battery Bank (Gel,AGM, or flooded)

aft
Sizing a Lead-Acid Battery Bank

(Gel,AGM, or Flooded)

Industry recommendations for house battery bank sizing range from 3x to 4x of anticipated daily needs.
This sizing also alows you to replenish the daily needs using a bulk charge in a minimum of time
(batteries can be bulk charged until they are 80% full). Typical installations are also sized so that the
battery does not discharge below the 50% mark that marine battery manufacturerstypically usein their
life-cycle estimates (the deeper you discharge alead acid battery, the shorter itslife).

Once batteries are 80% full atypical 3 stage charger will switch to absorption mode, where currents are
much lower and charge time per unit energy necessarily longer. Thus, in order to minimize charge time
while maintaining acceptable battery cycle life, you want to cycle the battery from 50% or more to 80%
full.

« Fooded cells are usually bulk-charged at an ampere rate of about 25% of amp-hour capacity. For
example, let's say you have to replace 100 Ah every day and chose to install a400 amp-hour house
battery bank. Using the 25% ratio, the maximum charge acceptance (the rate at which the battery
can be safely charged) of your flooded battery during bulk charging would be around 100A.
Assuming you have no other charge sources on board, after losses and other loads you would want
to consider a 120 ampere (hot) rated alternator.

« If you use Gel cdlls, you can bulk charge with twice the current that flooded cells can sustain. A
400 amp-hour bank composed of gel cells can safely enjoy the benefits of a 200A charge source
and bulk chargein lessthan 1/2 the time of aflooded cell (due to its higher charge conversion
efficiency). Here, multiple small frame or a single large frame alternator may be ideal in order to
reduce charge time and engine wear.

« ThelLifeline AGM, isnot current limited at all during bulk charging according to Concorde, the
manufacturer. Theoretically, you could make your bulk charge time as short as you would like. In
practice, people are charging AGMs with currents of up to 4x the amp-hour capacity. Accounting
for conversion efficiency that would be 18x faster than your typical flooded cell but you'd have to
install a charge system capable of delivering 1600 amperes to the battery bank (it would take about
5 minutes per day to replenish the 100 Ah with a 20 kW gen-set). In the rea world, two large
frame aternators may be more appropriate from a weight/cost standpoint.

Some important points to Remember When charging Batteries:

Any time your charge system is significantly smaller in ampere capacity than the charge acceptance of
your battery banks, you need to ensure that the charging system can handle extended periods of
maximum output. For example, the alternator that was easily capable of dealing with 400 amp-hours of
flooded cell capacity could burn up when you switch to AGMs since AGMs can bulk absorb alot more
charge. However, installing a 4x bigger flooded cell bank could have the same effect.
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The charge system has to be properly sized and protected to safely charge your batteries. Assuming you
use your engine to charge, a KKK-rated alternator helps, as does thermal management. Alternators
should be well ventilated and may even benefit from the Balmar MaxCharge system that senses

alternator temperature to avoid costly burn-ups. At the very least use a good 3-step external regulator
such as the Next-Step from Ample power. Y our batteries and your wallet will thank you.

Lastly, fully recharge your banks from time to time (at least once a month) to ensure that sulphation does
not set in. Sulphation can be removed through an equalization process, which is basically a controlled
overcharge. Unfortunately, equalization attacks the lead plates and will weaken them over time.
Furthermore, it is quite dangerous (the electrolyte will start to boil) and should only be done in controlled
conditions and under strict supervision. Thus, equalization should be used as a last resort only.

VRLA batteries like Gel and AGM cannot be equalized using the same settings as wet cells. The
electrolyte in them cannot be replenished the way it can in wet cells. Thus, any charger you attach to
VRLASs should have the equalization circuit turned off (many chargers have a Gel and AGM setting for
just that purpose). Most modern regulators have one way or the other of achieving this, whether it isa set
of dip switches, amenu, or adjustment screws.

For the adventerous (or desperate) among us, VRLAS can be equalized under very controlled conditions.
| recall instructions on how to do it over at Ample Power but don't seem to be able to find them right

now. Since VRLASs are unlikely to need equalization, this step should be alast resort only (prior to
recycling the batteries.

SR =

Questions? Contact me viae-mail. Site © 1997-2004
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Why you only want two battery banks on
board:

Minimizing the number of battery banks maximizes battery life. Most reasonably sized boats only need
two battery banks: One bank to start the engine, the other to power all other loads on board. While an
emergency switch to combine them should exist (to use your house bank help start the engine if the
engine bank is down), the two banks and circuits should be completely separate. There are several
benefits:

Your starter bank is always full:

While starting engines requires alot of power, the burst isrelatively short. Thus the net drain on your
starter battery is small and even a short commute out of the harbor will pretty much replenish the charge
that had been used to start the engine. If you accidentally run the house bank flat, you can still start the
engine and recharge the house bank.

Most external regulators have outputs that allow you to drive a solenoid that combines the two battery
banks during charging and disconnects them afterwards. Y ou can also use battery combinersto achieve
the same effect. | would stay away from diode systems because of the voltage losses associated with
them. A more elaborate, battery life maximizing solution can be found in the isolator/eliminator
manufactured by Ample Power that treats your starter bank as a completely separate bank and chargesit
accordingly.

Your electronics will behave better:

When the starter and the house banks are completely separate your electronics and other circuits will not
experience the voltage transients that starting an engine produces. For example, our electronics would
drop out every once in awhile during engine starts, suggesting that the voltage levels on board dropped
below the 10V threshold that the instrument and GPS package could still run on.

Battery banks last longer, provide more charge:

L ess depth of discharge and lower rate of discharge (i.e. battery bank Amp-hour capacity vs. discharge)
will make your batteries last longer in terms of cycle life and in terms providing energy. In his excellent
tome on boat maintenance, the "Boatowners Mechanical and Electrical Manual", author Nigel Calder

provides convincing arguments why alarge bank of cells will always outperform the constituent batteries
by themselves. Ample Power and other manufacturers of charging systems come to the same conclusion.

Not only will a collective bank be affected less by Peukerts Effect (the smaller the rate of discharge, the
more juice you can extract from a battery or battery bank) but the depth of discharge for alarge bank will
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be less than if a constituent battery had to carry the load alone. Depth-of-Discharge (DOD) is one of the
most important variables that determines the life of your batteries. The faster, deeper you
charge/discharge lead acid batteries, the shorter their life.

Some things to keep in mind.:

The only caveat to large banks of batteriesis proper internal fusing. If a cell shorts out in a battery, the

battery voltage will drop approximately 2 Volts. All batteries in the bank will start discharging into the
shorted battery, unless fuses take the bad battery out of the circuit. Thus, battery banks need to be fused
internally as well as externaly.

Remember, your entire electrical system has to meet al requirements: Wires, fuses, chargers, batteries,
aternators, etc. The ABY C requirements are a good first step in that direction and guides such as Mr.

Calders are easy to understand. More fusing and wiring information can be found at Blue Sea Systems.

Onwards then to some Cost Comparions!

aft

Questions? Contact me viae-mail. Site © 1997-2004
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Cost comparison of AGM, Gel, and flooded batteries

@it

Comparing Life-Cycle Costs By Battery
Technology

Assuming you use your engine to recharge your batteries, how much savings does the use of AGMs trandate into? | created a
spreadsheet that calculated the results below. This spreadsheet accounts for just about everything: Starting with the loads on
board, you arrive at a bank capacity recommendation. This battery bank can then be recharged by a variety of means: Solar,
Wind/Water, Gen-Set, and engine. Each of these charge sourcesis properly "costed" (depreciation, maintenance, fuel costs).
Using other information, such as how many days you spend on board per year (to enjoy the fruits of your labor) you can then
compare system costs.

The default settings in the cost model reflect the loads on our boat, the Cat's Pyjamas. Using a 4x multiplier, we need about 400
amp-hours of capacity in the house bank. We currently have no means to charge the system save for our engine (although solar
panelslook pretty attractive) and after afew inputs the model goes to work. Battery parameters are based on published
manufactured specifications and costs are extrapolated for a given house bank capacity. | assume year-round occupation (i.e. 1
cycle per day) and tried to keep things even by trying to standardize on group 8D batteries.

In the below comparison are Lifeline AGMs (8D) as a baseline, premium Surrette flooded cells (the 400 series model HT8DM

and the 500 series model 12CS11PS - they don't make a 500 series 8D marine battery), inexpensive Trojan flooded cells (model
T105 - also non 8D), and West Marine AGM and gel cells (8D). More batteries can be chosen from or added to the small database
in the model.
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As expected, the flooded cells do best when the available charge amperage is at 25% of the amp hour capacity of the battery bank.
Gels hit the same kind of pivot point at 50% of Ah capacity. But al costs considered, Lifeline AGMs are cheaper to use. Note: |
am not accounting for self-discharge losses, AGM ampere charge acceptance has been limited to 100% of battery bank amp-hour

capacity.

http://www.vonwentzel.net/Battery/04.Costs/index.html (1 of 3) [3/18/2004 10:47:25 AM]


http://www.vonwentzel.net/Prout/index.html

Cost comparison of AGM, Gel, and flooded batteries

The much lower cyclelife of West Marine AGMs make them progressively more expensive as charge capacity isincreased. In
order to alow fair comparisons the cost model allows you to switch batteries. However, the model levels the playing field in
terms of cost by using $/Ah figures. Thus, larger batteries will always have an advantage - but they may not be applicable. Idedly,
you should use batteries that are close to or amultiple of the desired Ah capacity. For example, if Lifeline Group 8D's offer
255Ah and | need a 500Ah bank, that is a perfect match while the 360 Ah offered by the Trojan L16 would be too low or too high
(i.e. 360 Ah vs. 720 Ah).

Lifecycle costs of other batteri lative
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Wéll, but how do my sailing/cruising habits influence the outcome? To answer that question, you can adjust how many days per
year you expect to use your boat. Given our assumptions, someone who spends more than 3 months aboard can save at least 15%
by using Lifeline AGM battery storage technology.

Then you can combine the two variables and see how and when it becomes |ess expensive to use a Rolls CS series battery instead
of an Lifeline AGM. For example, for the given loads and the size of the battery system, a small alternator / low occupancy rate
resultsin no advantage of AGM system costs over flooded technology. However, even moderately powerful charging system and
occupancy rates clearly benefit the cost effectiveness of AGM batteries.
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The cost premium is expressed in percent. The brown and blue spot in the lower right hand corner isthe areawhere AGMs are
less cost effective than Surrette CS series flooded cells (by up to 11%). All other areas suggest that the AGM is more cost
effective. Each color "step" denotes aten percent change, much like a topographical map shows elevation rings. The map tops out
at 50% in order to increase resolution - the peaks go higher in those regions.

@it
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Battery Cost Model Inputs and Outputs: Gel, AGM, Flooded

=R =

How the Model Calculates Life-Cycle Costs

Throughout the model, al white fields are for you to modify. The shaded sections contain calculations... any modification to them

would invalidate the results.

The loads input page collects all the items that you may have on board. Y ou enter amp draws and duration, the model then
calculates your daily amp-hour needs. The runtime load influences the amount of current that can be used to refill your batteries.
This benefits flooded battery usersin particular, since their batteries tend to absorb less energy than AGM or Gel batteries. The
assumption is that run-time loads are satisfied before charging can take place.

Naturally, the model compensates for reduced charge requirementsif house loads on batteries are "avoided" during recharge. More
on thisin the ReadMe file that accompanies the cost model. Also, keep in mind that these results are for BULK charging only. All
lead-acid battery types revert to much lower charging rates during absorption and float. | also built a model to deal with this,
although it is much more involved than the simple bulk charging model shown here. Send me an e-mail if interested (see link

below)
Loads that turn on and off Standby Standby| High
regardlesz of the engine. Estimate | cyrent  Time | Cument HC Time Current Drrav
time on a per day bask. Ampsl  (Hours) | CAmps) (Hous) | AhfDay Loads that turn on with the engine [Ampearas)
M aw Instrumert=s 0.5 10.0 5.0 Faralell Solenoid 0.9
SPE 0.5 10.0 5.0 Iz alatoEliminatar
O5F5 0.5 10.0 5.0 Witater maker
Atopil ot 0.1 2.0 5.0 1.5 83 Refrigeratar
R=adar 2.2 4.0 2.4 2.0 16.2 Freezer
“WHF = 2.0 5.0 0.z Tz Blowers
0.0
0.0
Lights Cabin 5.0 2.0 14.0 g. Buntime Load
M= gation 1.0 2.0 2.0
Anchaor 1.0 2.0 2.0 Eztimated House Load during recharge (amps]
0.0
o0 Enter [ata to the right to determine the required batterny capacity.
Amenities  Refrigerator 0.0 Ako fillin the chart abowe to determine how much current is
Stereo 0. drawen from the alternatorwhile it is ranning. For greater accuracy,
IMwearter 0.0 add 3 house load during recharge Choveewer, it i HOT required).
Air Conditioning a.a
0.0
oo Be conservative. blake your estimates for awerage daws. The
Yy Battary Monitoring Kl =40 =3 required batteny capacrl'g.rETl;tﬂlx of daiby needs caleulated
Bilge Pumps=s 0.0 )
Waste System 0.0
Windlass T0.0 0.1 5.8 The data | have entered i representative of the equipment we
Hezter System 1.0 20 4.0 4.0 18.0 hawve on board. Wour equipment may be different. Consult
LP Swstem 0.5 2.0 1.0 manuak for ampere draves and estimate daiby hours based on
Washdown Pump 12.0 0.0 0.4 exparience.
Freshwater Pump 12.0 0.1 1.0
0. Copyright by Constartin won Wentzel
0.0 batte ryi@vonmentzel net
Tatal 102.0 U=ze =t wour ovan Risk
Charge System:
Daily Charge Needs 102 Y Ah :
System Vohage 2 Amp-hour Requirements
Battens Capachy hiultipliar g ™
Desired Battery Bank Capasity (Ah) 408 :Ah The first section of the second page cal cul ates the number of
Maon-batteny load on atternator(see Household page) 137 " Amperes _ e :
Charge Capacity available to recharge batteny 9232 Y Amperes amp hours needed per day Then It_ Isup to you to SpeCIfy the
Days Boat i used per Year 365 “daysivear VOItage of your system and what kind of capacity multiplier factor
ou want to use.
Electrahte & Sulphation Maintenance
Ciogii @i | Slcpyie Wasr 1 Rl The capacity multiplier is ameasure of how much larger the battery
Quarts of water per celfmaintenance 025 | gticell bank i sed beth dail h |
[rays between electrabte maintenance 231 Crays ankK 1S SUppo! -tO e than your dally nGEd_ s. The most common y
Days betwean equalization charges 40 y Days advocated factor is 4x thOUgh some practioners go as low as 3X.
LaborEost = $15 TUSDAe - The question is how much battery reserve you want to or can carry.
Labar hirs to semice 3 12%W Battery set for electrabte 025 [hrs
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Battery Cost Model Inputs and Outputs: Gel, AGM, Flooded

Labar hrs to equalze a bank of batteries 1 hir=

Then the model queries how many days ayear you intend to use

the boat, as well as maintenance costs associated with your batteries. Sulphation and el ectrolyte maintenance only applies to

flooded cells since VRLAS don't require such maintenance.

The Renewable Energy Section:

The renewable energy section allows you to enter the parameters of
your renewable energy sources. We don't have any so our sections
are blank. However, you can use this section to see if your net
USD/day cost goes down should you install arenewable energy
system. Particularly liveaboards can benefit from arelatively low
life cycle cost of arenewable energy system.

Soalar Cell

Cambined Wiattage of panek iy

Aorg Hrs. of sunshinefday Y hrziD ay
Aoarg. Amp-Hours produced per Day AhSDay
Coztto Buy and install panek and charger TUsD
Expected Life Yvears
Windfater based electrical generator

Awrg. Amp-hours produced per day Y ahiday
Cost to Buy and install YusD
haintenance Costs USD parear TUsDMrear
Expected Life Yvears
Gen-Set

hax Amps A

Cast uwinstallation usD
Gen-Set Life hir=

Fuel Consumption Us Galthr

Fuel Cost USDSUS al

Producing Power with Combustion
Engines:

Maintenance $000 his runtime (incl labor USh The next section busies itself with combustive ways to generate
*a ectricity. Here each source of charge is characterized by life,

hiain Engine costs

Alternator output Chot) during charge 10 Amperes
Engine Cost (ninstallation 10,000 LS

Engine Life E 000 hr=s

Fuel Consumption 0.5 UsS Galthr
Fuel Cost 1.5 USIWUS Gal

Maintenance 4000 b= eniine runtime iincl Iabu:uri $947 " USD

Charge Efficiency

mai ntenance costs, etc. As applicable, you should change the
parameters to reflect the situation on your boat. At the very bottom
lyou can set the various charge efficiencies by battery type.

Flooded Cells 23%  Percent

Abzarbed Glass Mat (AG M) 95% Percent

Gel Cell 297%  Percent

Batteny # 1 ™ z " 3 4 ] =] T

Battery Used for Comparisan Lifeline S0 r12C5911Surr HTED W rojan T1040WK S0W1550 Wik 20 Mikd 20 Mk eshdodel
Battery Type A Flooded  Flooded Flooded  Flooded A Gel

# of batteries to achieve 12% @@ ~308Ah0 z2 2 2 < 2 2 2

Amp-hours per=set (20 hr rate) 510 G 442 450 45 480 450 Ah

Suitabillity (the closerto zero the betten 25% G % 0% 10 % O % 210 % 10 % OwverfUnder desired Ah
Batteny Cost (LS 74 1266 g0 204 48 LEctS 208 S0yt

Expected Cycle Life @@ S0% LOD 1000 3200 12580 &S00 200 200 &S00 oy cles

haximum B attery Life (e=zt) h =2 20 10 G G g 5 “ears

Individual Battery Length 2062 22 20,75 1028 20,62 2062 2062 |in

Individual B atte ny Wiidth 10.95 11.25 11 T3 10.95 10.95 1095 |in
Individual B attery Height 1047 18.25 10 11.2 1017 1047 1047 |in

Batteny Bank Wieight (b 216 s 228 248 262 322 216 Ib total

Bank Intial Purchaze Cost (LUSDeAR) 1452 2.00 1.11 062 0.94 1.91 2.00 USD per amp-haur
Wolumetric Amp-hour Capacity o111 0.076 0.097 0136 0.097 007 o098 | Ahfin®3 at 12V
eight Factor 1.614 1.257 1.248 1.815 1.702 1.522 1424 [Ahfle at 12W
Purchase Cost by eviles 077400 042688 039404 0808300  2.09000 2667 479600 [USoycle

The battery properties section allows you to chose batteries by number (the datais on another page). The left-most column isthe
baseline, the column to the right holds the data for the 3D comparison. In this example, the Lifeline AGM isthe baseline, which is

compared to a Surrette 12CS11 on the 3D page.
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Lifeline 80| A2C5116Eur HTEDhrojan TA00M SWASE0 i S0 kA S0

Mlax Charge Acceptance 9z2.320 92 .20 92.20 9z2.20 92 .20 9220 9230 |Amperes
Charge Efficiency (percent converted) a5% 1 S83% 23% 83 % 23% Q5 % 87 % Fercent

Buk Charge Rate g7.625 | 78600 76609 5 609 6609 87 585 802304 | Amperes
Craiby charge time to Buk Charge 1112 Y 1285 1.265 1.265 1.265 1.113 1.210 | hrsiDay
Batteny Purchase Costs 0774 0427 0.294 0602 2.090 2127 1.706 |USDVLay
E&E Maintenance 0000 Y 066D 0.659 0.5569 0.659 0.000 0.000 ) USCVTay
Salar Cell Depreciation none none none naone none nane none |USDIDay
WindAater Gen Depreciation none | none none none none nane none |USDSDay
lindffater Gen Maintenance none ] none none nane none none none |USD/Day
Generator Depreciation none none nane none none nane none |USDIDay
Generator Fuel Costs none none none none none nane none |USDSDay
enerdtor Maintenance none none none none none none none |USC/Day
Engine Crepreciation 1.854 21049 2109 2.109 2109 1.854 2.017  |USDVLray
Engine Fuel Costs 0.834 0.944 0.949 0.949 0.949 0.834 0907 |USDVDay
Engine Maintenance 1.053 1.198 1.198 1.198 1.198 1.053 1.145 |USCVLraw
Totals 4516 5352 5.319 5533 7.015 5 .265 5865 |USDVCay

0.044 0.052 0.052 0.054 0.059 0.057 0.058 |USDillzeable Ah Cycle)
Cost Premium relative to Lifeline S0 5% 5% 23 S5 % 52 % 20 % Fremium over Lifeline S0
Copyright by Constantin won Wentzel - Use st wour owan Risk
| assume you bul k charge and cycle your batteries from 8084 full to 55%0full. Max ASM charge amps now 4*Ah capacity .
fou want to fully charge your batteries at least once & morth inorder to prewvent sulphation

The last section calculates the net cost per day by category and battery type. It also calculates the relative cost premium of each
battery technology relative to the Lifeline AGM baseline battery. If a cost does not apply (for example, you don't use awind
generator) the model returns "none".

Downloading the Cost Model:

Properly sizing a battery system to match aload is pretty simple, if tedious. The spreadsheet alows you to input the values from
your equipment manuals and see just how much battery capacity you will need. Furthermore, you can compare system costs from
battery to battery depending on how much time you spend on board, battery parameters, and charging options. Thisis the kind of
information that magazines should publish because as we consultants like to say: "it al depends”.

Y ou can now download two versions of the Bulk Charging Model along with aread me file describing its use in depth. One version
is meant for PC users and comes in the .ZIP format. M acintosh users can download a smaller .sit archive.
o Bulk Charging Model for Macintosh (Stuffit format)

« Bulk Charging Model for PCs (ZIP Format)

Naturally, 1'd love to hear about your impressions and suggestions for improvements. Many thanks for your interest and | hope this
tiny model will help you make an informed decision.

Sizing Wiring the ABYC Way:

Another fun project was creating a automatic lookup table for ABY C electrical wire size requirements. This Excel file will
basically trandate voltage drop requirements and ampere draws into American Wire Gauge (AWG) wire sizes. | make no
guarantees about accuracy, but it seemsto work.

o AWG Wire Sizer

This Excel spreadsheet was very useful for rewiring our boat asit allowed me to order wiring in bulk and in advance.

afte

Questions? Contact me viae-mail. Site © 1997-2004
andisHTML 4.01, and CSS compliant. Please support W3C standards! Terms of Use
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My battery research conclusion: Buy AGM batteries!

aft

Conclusion:

While | learned that some flooded cells have a superior cycle life, AGMs are till the battery in my
future. | do not enjoy battery maintenance - | prefer to sail - and there are so many additional benefitsto
using AGMs over flooded cells. Since our boat already has a powerful charging system, the next logical

step istoinstall better batteries to take advantage of it.

Thus, our battery compartment saw arefit and expansion in order to house 6 group GPL4C AGMs by
Lifeline to replace the 3 group 30H batteries there before. The diesel engineis now totally
"over-batteried" with over 900CCA while the house bank grew from 260 to 400 Ah of capacity.

The new AGM battery banks consist of a series configured starter bank (2x6 Volt Cells) and a
series-parallel configured house bank (2 sets of 2x6V cells). While the boat is fused with 2 sets of 200A
Class T fuses, and the connectors that put the house bank batteries into series also feature 200A fuses.
Thus, | can safely combine maximum battery life and performance with much less maintenance.

Remember, battery and charge systems can be very powerful and dangerous. If you are competent
enough to read, understand, and follow the guidelines found in marine electrical manuals, you can do
much of the work yourself. However, don't blame me if something goes wrong!

Even if you want someone else to do the work, it is always better to understand and know what to ook
for when inspecting the system. The entire electrical system on board will have to be sized to
accommodate the intended loads and charge systems. It is up to you to ensure that whatever changes are
made to your system meet ABY C and other marine electrical standards. Good luck on your journey and

happy sailing.

Constantin von Wentzel

aft

Questions? Contact me viae-mail. Site © 1997-2004
andisHTML 4.01, and CSS compliant. Please support W3C standards! Terms of Use
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What does Chuck Husick know about Batteries?

=R

Appendix: The mini-drama with Chuck
Husick

The origin of this battery research can be traced back to an article | read in an "Annual" issue of Ocean
Navigator written by Chuck Husick. What bothered me initially about Chuck Husick's article was the
omission of VRLA battery technology: He did not want to cover their @qout;virtues and
liabilities@qout;. But as | kept reading, more and more red flags kept popping up. Here a couple of the
big ones that stuck out like sore thumbs.

Funny Battery Bank Sizing Ideas:

Chuck Husick started a boat energy exercise with a constant 20 ampere load. Common sense would
dictate some beefy battery banks and charging systems as a " constant” 20A draw is usually the result of
many loads on board. Furthermore, energy draws typically ebb and flow over the course of the day. For
example, on our boat, the highest continual draw is at night when the lights and the cabin heat are on. As
arule, the battery bank should be capable of supplying the maximum required current with some safety
margin on top of that.

For the sake of argument, let us assume that a boat with a constant 20A draw exists. Using standard
guidelines, a 20A load would call for up to 1920 Ah of battery capacity (20A x 24 hrs x 4 = ~650lb of
battery). Chuck Husick however decided to use one 275 Ah battery, since his undersized charging system
was only capable of delivering 55 amps to the batteries. Why someone would match a battery bank
capacity to an alternator instead of the anticipated load is a mystery to me. | have yet to find another
resource that advocates such potential battery abuse.

Continuing Mr. Husick's hypothetical exercise, the passage makers were expected to run their diesel
engine for 8 hours (!!!) per day. Naturally, given the very low capacity of the battery, these recharges had
to be distributed across the day and the night. Y ou know, nothing warms my heart more than the idea of
having to treat my diesel engine like a newborn infant and "feed it" four times a day, including when
people want to sleep. Furthermore, most auxiliary diesels suffer when run without a significant load - it
can cause cylinder glazing and other expensive problems. Even a 120A aternator only draws 5-6hp off
your engine.

So, do such "results" have any kind of basisin the real world? Why wouldn't an article for passage
makers (the supposed target audience of Ocean Navigator) contain a'real world" exercise with "real"
loads (broken down by item) and "real" battery, charging system sizing? There are plenty of resources
out there that Chuck Husick without doubt is aware of.

Better yet, he could have created three scenarios for passage makers with boats of differing sizes and
luxury levels. Let'sfaceit: Not all of uscarry aair conditioner, water maker, or sub-zero refrigerator on
board.
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Hilarious Battery Charging ldeas:

While every source | have consulted so far recommends minimizing the number of banks to maximize
bank capacity (to enhance cycle life by limiting the depth of discharge), Chuck Husick takes avery
different tack. He recommends discharging batteries individually and recharging them collectively, even
though thiswill result in lower effective battery capacity.

High discharge rates relative to battery capacity will make the battery go "flat" faster because the
available capacity of lead acid cells decreases as a function of amperage draw (i.e. the chemistry in the
battery cannot keep up with the current draw). Some types of lead acid batteries are better at overcoming
this problem than others. It depends on the lead plate thickness (starter vs. deep cycle), construction
(AGM, Gel, flooded/wet cell), and chemistry (alloys, buffers, and so on). Keep in mind that while a
flooded starter battery will allow high rates of discharge, it will not tolerate deep discharges at all.

Once a charging source is available, Mr. Husick recommends paralleling the batteries for recharge. But
how can you ensure that individually discharged batteries have the same charge level prior to recharge?
Inevitably, some cells will be over-charged and others undercharged, as the collective bank isworked to
float (the last stage of charging). While small charge differences may not result in immediate and drastic
plate damage, the real question iswhy to discharge individual batteries from a bank in the first place.

Better Performance from Individual Batteries than from a Bank?

Chuck Husick claimsthat his battery management philosophy will lead to "better performance”.
Unfortunately, this philosophy runs counter to accepted physical laws and published industry resources.
For example, Peukerts equation is used by every battery manufacturer to characterize the load
characteristics of their batteries. If Chuck Husick has found a way to get better performance out of
individual batteriesin a bank rather than the bank as awhole (and therefore bypass Peukerts Effect), |
(and the rest of the battery industry) would want to know how.

Furthermore, a properly fused bank will continue to function after a partial failure (i.e. a battery shorting
out, causing its fuse to trip) while a cell shorting out in an individual battery will leave you with
insufficient voltage to run most electronics on board. In certain situations (storms, harbor entries at night,
etc.) this could be pretty disastrous as the crew struggles to diagnose the problem, then to switch the
batteries around.

To summarize, Chuck Husick

« ignored very relevant battery technologies

« came up with a battery discharge scenario/charge plan that had no basisin the real world

« ignored physical laws that clash with his battery philosophy
Thisiswhy | believe histechnical writing should be taken with agrain of salt. He has lived avery
interesting life, has earned many certifications, and even has an impressive sounding position at US/Boat.

However, | am unsure how any of these qualify Mr. Husick to write competently about marine batteries
and how to best utilize them.

What isworse, he has refused to reconcile the inconsi stencies between his views and generally accepted
theories on optimal battery charging, utilization, etc. Not one shred of evidence has been submitted by
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him to refute Peukerts Law (which isthe only way that his discharging/recharging advice could actually
lead to equivalent performance of individual batteries vs. a battery bank), nevermind superior
performance as he claimed.

His ignorance regarding objective comparisons between various |lead-acid battery technologiesis even
more appalling. For example, he compares AGM batteries on cycle life to super-premium Surrette/Rolls
batteries while a'so comparing them to entry-level batteries on price. Thisisagreat way to rig a contest.
When pressed where to find the Rolls-Royce of marine flooded batteries at a Ford Pinto price, he
couldn't.

So what was the point of publishing his original article in Ocean Navigator? Where was the objective
editing that most of us depend on when we seek advice? From my discussions with the editorial staff,
it became clear that Ocean Navigator doesnot review articlesfor technical accuracy. So if
something looks funny to you in one of their publications, it probably is. How hard isit to sell snake ail
to the gullible?

Time for Letters to the Editor!

Being the engineer | am, | decided to hunker down and write my first letter to the editor. Surprisingly,

Ocean Navigator published it (though truncated) along with areply from Mr. Husick. His replies made
me scratch my head in wonderment and | have assembled them on this page.

Thus, my need for Letter I1. Admittedly, | had a bit of fun poking at his explanations and Ocean

Navigator decided not to print it. Chuck Husick decided to ignore the points he could not argue and
wrote arambling response (included in Letter [11).

Most galling was Chuck Husick's cavalier dismissal of Nigel Calder's excellent and clear arguments as
mere "opinions’ without offering any proof whatsoever that his own views were better. | suppose that
would have been difficult since he has yet to find away to refute Peukerts Law or to find anew Rolls-CS
series battery for the price of abudget Trojan cell.

Despite the very real threat of sending my letter straight to the roundfile, | replied with a point-by-point
rebuttal in my third Letter to the Editor. As expected, it was not answered or printed either.

Epilogue

The most unfortunate aspect of this dialogue was the lack of specific references to support Chuck
Husick's views. Where was the scientific evidence that his proposed battery management is superior? I'm
not against exploring new ideas... but the responses he submitted to my queries indicate that he did not
follow or understand the links | provided. Asthreatened in his responseto letter 11, Chuck Husick has
chosen to "withdraw from the discussion” we were having. His qualifications are impressive, but |
continue to question a number of his assertions.

His unwillingness to form real arguments by offering scientific proof, relevant personal experience, or
even just a bibliography that supports his thoughtsistelling. If you attend any seminars that are taught by
Chuck Husick you may want to take what he says about batteries with agrain of salt. Considering his
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inflexibility when presented with overwhelming evidence to the contrary of hisviews, I'm not sure what
value the rest of his presentation might have either. After all, you're there to be educated, not to sift
through what may or may not be true.

The resume of Chuck Husick certainly sounds impressive. Not everyone was the president of Chris Craft
or sitson the board of US Boat. However, when it comes to practical aspects of a boat and its
maintenance, | prefer to stick to someone like Nigel Calder who has made a career or successfully fixing
and specifying boats. Please keep in mind: | do not claim to be an lead-acid battery expert - | just
happened to build cost models for aliving, read a couple of books, and surfed the net for awhile to come
to adiametrically opposed opinion to the assertions by Chuck Husick.

If someone can enlighten me further, please do not hesitate to contact me. I'll do my best to post the
information as quickly as possible.

Cheerdl
Constantin von Wentzel

Questions? Contact me viae-mail. Site © 1997-2004
andisHTML 4.01, and CSS compliant. Please support W3C standards! Terms of Use
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On the von Wentzel, Prout Catamarans, and other things.

Please read the Terms of Use for this site before continuing!

Welcome to the von Wentzel family site!

Enjoy photos from my life, Apple Airport Base Station tutorials, the saga of our Prout Escale catamaran,
or lead-acid battery information... there is something for everyone. Click on any image to open that part
of the web-site - just below are links to recent additions:

Three Days, Three Birthdays in London
Leo and Carisa Marry!

Photos: Sailing: Technical:

See my small but growing
collection of family photos here.

L earn more about Apple Airport
Base Stations! Initially conceived
as aguideto repair acommon
Voyages on the Cats Pyjamas, the INternal power supply problem,
family catamaran, chronicles past tcr;' 5 esileﬁtgl;oe;?eﬁ;xapnine?l?\das
trips... sallingisin my blood - I . ; : ’
loveit. You'lglj get an ?/deajust how improving cooling, and other

o diversions.
much fun we have sailing her
when we can.

A ever-growing picture archive
awaits you here. Covering travel,
weddings, and other fun events

In the lead-acid battery section of
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On the von Wentzel, Prout Catamarans, and other things.

the archive featuresimages from Unfortunately, we have had to
around the world. repair many OEM defects on our

my web-site, | go into some depth
about marine battery choices.

Prout catamaran, you might want
to have alook. No matter how
much fun our Prout has been to
q sall, it's pretty scary how much

INSEAD students are renowned
for their demoralizing teacher

evaluations, tough questions, an
excellent party spirit. Though the

repairs on what was a new boat.

one year MBA program isintense,
| wouldn't have had it any other

way.

Our Pischel rigid inflatable
dinghy has been aroaring success.
Despite many seasons in the sun,
marine growth encrustations, and

_ _ the rocks of Maine "beaches’, it
Were married! See picturesfrom  has heen holding up great. We

the wedding & the honeymoon...  decided to adapt it a bit to its
Shomaand | spent the whole day nonnative working environment.
giggling and our happinesshas  This section tells you how we did
continued to the present day. it.

time and money we have spent on

Prout Escale... some of them were Discover how to size and
IN SE AD life-threatening. If you own or are configure your system, and what
considering the purchase of a battery (AGM, Gel, Flooded)

makes the most sense for you. |
even offer afree cost mode!!

Ever wondered what it isliketo
simulate afactory in MS Excel®?
Here are links to three reports |
co-authored for energy efficiency
issues of washing machines, air
conditioners, and water heaters on
the DoE web-site. A paper on
disruptive technologies (GPS
versus LORAN) can be found at

I've learned some funny things
over the years. Here is a budding

archive.

And now for a word from your friendly webmaster, Constantin von

Wentzel
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On the von Wentzel, Prout Catamarans, and other things.

Hi! Well, the year in France went by quicker than | thought possible! Now that | have finished my MBA
studies at INSEAD and Wharton, it'stimeto find ajob. Ideadlly, it would allow me to use my strategy,
modeling, product development and/or operations management skills.

Prior to business school | was a consultant for Arthur D. Little, Inc. in Cambridge, MA. Besides
developing new and exciting products for clients, | helped build new production facilities, improve
operations, and even helped US consumers save a net present value of $12 billion or so (see DoE links
above). My primary specialty was the evaluation of products and technology business plans, usualy via
customized activities based cost models. These bottoms-up models predicted product costs, facility
requirements, optimal layouts, etc. | also helped build a factory, transitioned several product families
from design to the manufacturing line, and participated on a number of operations management
assignments.

Naturally, thiswork required a great deal of client interaction which | enjoyed immensely. Furthermore, |
am very grateful for all the opportunities that consulting at ADL gave me to explore a eclectic bunch of
industries, cutting edge technologies, and the creativity | was allowed to bring to the job. If you're
interested in finding out more about me, please don't hesitate to click on the link below and send me a

message.

Cheers, Constantin

For those that care, this site was built primarily using BBEdit on a M acintosh.
ItisHTML 4.01 and CSS compliant. Privacy Notice
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