
By Jeffrey R. Yago, P.E., CEM

I
have been receiving many ques-
tions from readers and visitors
to the BHM web site concerning
deep discharge solar batteries.

These questions include: How do
they work? Which type is best? How
long will they last? Are they danger-
ous? Do they require maintenance?
Can they be located outside? How
low can they be discharged? How do
you clean them?

There are all kinds of batteries,
using all kinds of materials. Battery
technology is rapidly advancing to
increase power density and reduce

weight for everything from cell
phones to electric vehicles.
Unfortunately, this usually requires
more toxic materials and a much
higher cost. When it comes to choos-
ing a battery for an off-grid solar
home or back-up emergency power
system, we usually are not that con-
cerned with battery size or weight.
We just want a battery that can be
quickly charged, then supply power
slowly for one or more days, and last
six or more years. With all this bat-
tery research, it is still hard to beat
the lowly deep-cycle lead-acid battery
for this type of solar system perform-
ance and low cost.

Since any battery is stored chemical
energy, perhaps a brief review of
basic battery construction and the
chemical to energy conversion
process is in order. 

SSoollaarr  bbaatttteerryy  ttyyppeess
If you want to avoid all battery

maintenance, you can purchase
sealed “gel” or absorbed glass-matt
(AGM) type lead-acid batteries.
These have the sulfuric acid convert-
ed to a jelly-like consistency, or
absorbed in a sponge blanket sur-
rounding the individual lead plates,
with the entire battery sealed at the
factory. They can be mounted in any
direction and are used in solar appli-
cations that cannot receive regular
maintenance, like solar-powered
street lights and remote cell phone
towers. Since sealed batteries do not
need regular maintenance, they can
be stacked closely together. 

Unfortunately, maintenance-free
lead-acid batteries have a much high-
er price tag without gaining any more
amp-hour capacity than an equal-
sized open lead-acid battery. A sealed
battery is also very sensitive to charg-
ing voltage, and even a slight over-
charge can release hydrogen gas and
cause rapid battery heating and per-
manent damage. A sealed battery can-
not be equalize charged, since any
release of hydrogen gas through the
safety pressure relief valve cannot be
replaced, so the battery will soon dry
out. This usually results in a much
shorter life for sealed batteries.

Most off-grid solar and battery
back-up systems use an open-cap
deep-discharge liquid lead-acid bat-
tery. The battery bank will be a group
of individual 2 or 6-volt deep cycle
batteries wired together to provide a
higher system voltage. For small sys-
tems, the “L-16” size traction battery
is the battery of choice. It has the
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same base size as a golf cart battery,
but is taller and much heavier. It was
originally designed to power battery
floor sweepers, fork trucks, and min-
ing cars, and is very ruggedly con-
structed. It is also available at most
battery distributors for a reasonable
price, and can have up to six-years of
useful life for most solar applications. 

If handling and transporting a heavy
battery is not a problem for you, larg-
er solar applications can use a “tray”
battery. This battery is made up of
very tall 2-volt cells, pre-wired into a
12, 24, or 48-volt configuration and
housed in a metal box, like the 24-
volt tray battery pictured. With indi-
vidual tray batteries weighing up to a
ton, many installers prefer using indi-
vidual cells and make the battery
interconnects after the individual
cells are moved to the job site.
Although difficult to handle, the tray
battery’s cells are very tall, providing
lots of room at the top for reserve
electrolyte, and lots of space at the
bottom for flaked off sulfates. The
industrial tray battery will last longer
than the smaller 6-volt batteries, and
an 8 to 12-year life is possible with
proper maintenance.

BBaatttteerryy  cchheemmiissttrryy
Lead-acid batteries can be divided

into two basic subcategories: lead-
antimony and lead-calcium. Since
pure lead would be too soft to form
the battery plates, several other mate-
rials are added to improve plate
strength and charge performance.
When antimony is combined to make
the lead plate stronger, it also
improves how low the battery can be
repeatedly discharged without dam-
age.

Many deep-cycle lead-antimony
batteries can withstand a daily dis-
charge down to 20% remaining
charge without any damage. Since
lead-antimony plates release much
more hydrogen than other battery
types, this battery will require more

watering and have more out-gassing
during the charging process.

When calcium is added to a pure
lead plate, this also improves plate
strength, but this battery type will
have a much lower rate of water loss.
This battery is usually referred to as
“maintenance-free,” and may include
sealed cell caps designed to recom-
bine the vented hydrogen and oxygen
gasses back into water during the
charging process. A car battery is an
example of a lead-calcium battery.
Before deciding that a lead-calcium
battery is right for your needs, please
note that for the same size battery, a
lead-antimony battery can store up to
three times the amp-hours of a lead-
calcium battery, because the lead-cal-
cium (low maintenance) battery can-
not be repeatedly discharged below
75% full (25 percent used) without
damage.

For those of you who still remem-
ber high school chemistry, the posi-
tive (+) lead plate is covered with a
paste of lead dioxide (PbO2). The
negative (-) lead plate is called
“sponge” lead (Pb). Both are fairly
soft, and are formed into a waffle
shape to increase the amount of sur-
face area exposed to the sulfuric acid
(H2SO4). The plates are separated

from physical contact by a porous
spacer or fiberglass matt.

During discharge, oxygen mole-
cules (O2) from the positive plate
combine with hydrogen molecules
(H2) from the acid to form water
(H2O). The now free sulfate molecule
(SO4) in the acid then combines with
the lead in the positive plate to form
lead sulfate (PbSO4). 

On the nearby negative plate, the
lead in the plate also combines with
the free sulfate molecules (SO4) to
form lead sulfate (PbSO4). This dis-
charge process causes the acid to
become diluted when the battery is
fully discharged, due to the chemical
conversion of acid molecules into
water molecules.

In fact, a battery that is 75 percent
discharged can freeze at no colder
than 3 degrees due to this change in
acid concentration. However, a fully
charged liquid lead-acid battery will
not freeze until 70 degrees below
zero. Always try to locate a battery
where it will not exceed 90 degrees,
or fall below 50 degrees, with 77
degrees the ideal temperature for
maximum battery performance.
Battery efficiency and length of serv-
ice will drop significantly outside
these temperature limits.
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During battery charging, a reverse
chemical process takes place, as the
negative lead plate, now covered with
lead sulfate (PbSO4), separates back
out into lead (Pb), and the sulfate
molecule (SO4) is released back to
combine with hydrogen in the water
(H2O) to reform sulfuric acid
(H2SO4). The positive lead plate
recombines with the left over oxygen
molecule in the water releasing
hydrogen gas. This is the out-gassing
of hydrogen that takes place near the
end of every charging cycle, as the
battery reaches its fully charged state.
At this point a good quality battery
charger will “sense” the battery is
almost fully recharged, and switch to
a small “float” charge to limit out-
gassing and water loss.

BBaatttteerryy  ssuullffaattiioonn
Battery sulfation is the normal

process of small sulfate crystals (SO4)
forming on the surface of the lead
plates during the discharge process. If
a lead-acid battery is not fully
recharged, or if left in a discharged

state for a long period, these sulfate
crystals will begin to “grow” on the
lead plates, just like as a child you
grew salt or sugar crystals in an evap-
orating pan on the window sill.

If allowed to grow larger, these sul-
fate crystals will “insulate” a larger
and larger surface area of the lead
plate from the acid, and physically
expand against the soft lead plates
which can cause permanent deforma-
tion. Large sulfate crystals can also
“flake off” the plates and pile up at
the bottom of the battery cells. If the
battery casing has limited space
under the plates, they can actually
pile high enough to short out the sep-
arate (+) and (-) plates. The higher
the ambient air temperature, the faster
this sulfate building process will take

place during the discharged state.
Below 60 percent remaining charge,
this sulfating process increases dra-
matically. 

Unfortunately, the portion of the
lead plates that are now heavily coat-
ed with sulfate cannot be completely

cleaned of the sulfate during battery
charging, although there are some
“pulse-type” battery chargers that can
correct some of the damage.
Sometimes repeated over-charging
can partially remove the sulfate
buildup, but once the initial damage
is done, the battery will never reach
its original state again. If you want to
avoid battery sulfation from reducing
the exposed plate area and charge
capacity of your batteries, do not let it
start in the first place. Keep all batter-
ies topped off with distilled water and
fully charged.

BBaatttteerryy  ccaarree  aanndd  ffeeeeddiinngg
To keep your solar or emergency

power lead-acid battery at peak per-
formance, you will need some basic
tools and supplies.

Batteries need water to replenish
the constant water loss during each
charging cycle as hydrogen gas is
released, and only distilled water
should be used. You do not want to
add “hard” water or water having dis-
solved solids which can increase this
sulfate problem even more.

Before handling battery caps,
adding water, or checking individual
cells, you need to protect yourself
from potential acid spills, splashes, or
hydrogen gas ignition.

A full face shield and chemical-
resistant heavy-rubber gloves are an
absolute must. Do not use those thin
throwaway gloves which can tear
very easily on sharp corners, and will
start to disintegrate when in contact
with acid. 

You will need a good quality specif-
ic gravity electrolyte tester, which is
the only accurate way to measure and
compare the state of charge of each
individual cell. You will also need a
squeeze-bulb battery filler which
allows removal of acid from an over-
filled cell. Never remove liquid from
one cell and place in another.
Regardless of size, each cell of a
lead-acid battery at 77°F will have a
specific gravity of 1.260 when 100
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percent fully charged, and a reading
of 1.150 when the battery has
dropped below 25 percent remaining
charge. Notice this is a very small
change in readings, for a large change
in charge. If the readings are taken
when the temperature is below 77°F,
the specific gravity will read artifi-
cially high. When the temperature is
above 77°F, the specific gravity will
read artificially low. Better quality
battery testers will include a ther-
mometer and reading adjustment
table. 

Use a good quality acid resistant
nylon plastic funnel when adding
water to any battery cell. You may
need to cut off the long tube end to
obtain a larger bottom opening that
fits better in the short opening space.

When you look into a lead-acid bat-
tery cell with the cap removed, you
should see liquid covering all metal
surfaces of the cells. If you can see a
dry lead surface, the cell has a very
low liquid acid level and probably is
building up sulfate. Distilled water
should be added until just below the
bottom of the “ring” or dip tube that
extends down from the cap. Over-fill-
ing will cause the acid to bubble out
of the cells during charging, when the
battery temperature increases and
there is a discharge of hydrogen gas.

You should periodically check sev-
eral individual battery cells before
and after charging. Be sure to note
any cell with a specific gravity that is
lower than the other cells. Do not
take readings just after adding dis-

tilled water, as it will be “floating” on
the top surface and cause an incorrect
reading. I prefer to add distilled water
just before starting an equalization
charge, which causes good mixing of
the added water and acid. I then
check again after the equalize charge
is complete.

On larger systems, some homeown-
ers use a pre-printed form to record
these readings, which are usually
taken every three months. This will
provide an early indication of any
problem or downward trend. If you
only sample a few cells each time, be
sure to always take your readings
from the same cells, and be sure the
cells near the end and center of each
row of batteries are included, as these
will be more representative of the
other cells. I have noticed the cells
closest to the end of string load con-
nection posts seen to loose the most
water. I like to check my battery bank
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at the change of seasons to help
remind me when three months have
passed. This is noted on all calendars
and mentioned in the news as the first
day of spring, summer, fall, and win-
ter.

EEqquuaalliizzee  cchhaarrggiinngg
Your off-grid or battery back-up

power system will use either a solar
charge controller, a generator pow-
ered inverter, or grid powered charger
to keep your battery bank fully
charged. However, this day-to-day
charging is only replacing the amount
of amp-hours that were removed dur-
ing the last discharge period. Over
time and multiple charge/discharge
cycles, each individual battery cell
will begin to have a different charge
level due to minor differences in cell
construction and acid concentration. 

Eventually, the cell that has the
lowest charge capacity will limit the
ability of a battery charger to fully re-
charge all other battery cells that are
connected in series with the lowest
cell. This condition is usually reached
every three to four months in new
batteries, but older batteries will need
water more often and will require a
shorter period between equalize
charges. Increased water loss is an
early indication of battery aging.

To make the equalize-charging
process easier, your battery charger or
inverter should have an “equalize”
charge mode. This switch or program
setpoint temporarily overrides the
normal “float” charge voltage of the
battery charger, which allows battery
charging to continue. In a short peri-
od, the fully charged cells will start to
“boil off” excess hydrogen gas as the
water (H2O) in the acid begins to be
converted into hydrogen gas and oxy-
gen. 

The battery also starts to heat up
and the heavy acid near the bottom of
the battery cell starts to mix with the
lighter water near the top of the cell.
Finally, the lowest charged cells reach
their fully charged level and the

process is ended. Although different
battery sizes and charger amp-ratings
will determine the actual time
required, a typical equalize charge
usually lasts two hours longer after
the battery has reached its initial full
charge voltage.

WWhhaatt  aabboouutt  hhyyddrrooggeenn??
I am not going to diminish the dan-

ger of a battery explosion, but it is
also not like the large fireballs in a
Hollywood special effects movie
either. I have been next to industrial
batteries when they exploded and I
assure you the sound alone will take
five-years off your life. However,
unless the hydrogen gas has com-
pletely filled up a large room in very
high concentrations, there should be
no fireball. Most of the battery explo-
sions I witnessed were like a flash,
lasting only a fraction of a second,
with no smoke or burning parts.
Regardless, the real danger is large
pieces of acid-covered plastic battery
case “shrapnel” flying through the air.
This most likely will not cause a fire,
but it sure can put your eye out, burn
your skin, and permanently damage
surrounding surfaces.

Although it may be theoretically
possible, I have not heard of any bat-

tery “exploding” while supplying
power to a load or sitting on the shelf
and not being charged. It is also rare
for any battery to explode during nor-
mal charging, as long as it is in a well
ventilated area. The greatest danger is
that point when the battery is almost
fully charged, but the charger is still
operating, or when an equalize-
charge is in process and a large quan-
tity of hydrogen gas is being generat-
ed. 

Hydrogen gas in the air “tastes”
salty when you breathe it. It reminds
me of being near the ocean, and this
is a good indicator that more ventila-
tion is needed. If the battery room is
well ventilated, these gases will even-
tually dissipate and will no longer be
concentrated enough to present any
danger.

However, if the battery is in a small
room or battery enclosure with limit-
ed or no means of air ventilation, the
hydrogen gas can reach a dangerous
level of concentration. Hydrogen gas
is only explosive when in high con-
centrations, which can form near the
battery room ceiling or top of a bat-
tery enclosure. Note the two PVC
vent pipes at the top of the custom
built battery box in the photo this
page.
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Any small spark or nearby flame
can cause concentrated hydrogen gas
to ignite. It will then travel down
through the battery cap vents like a lit
fuse on a cannon, where the explosive
force of the ignited hydrogen gas in
the closed cell cannot escape, result-
ing in flying battery parts. In one of
the larger battery explosions I wit-
nessed, a battery on an electric fork
truck exploded after being on charge
all day. A tiny spark from a worker’s
hand grinder over 30-feet away ignit-
ed the concentrated hydrogen gas that
had formed around and inside the bat-
tery at the end of a long charge cycle.

I recently had to replace a sealed
12-volt RV/Marine battery in a trailer,
when it exploded and tossed acid and
plastic parts in all directions. A tiny
“trickle” charger had been left on for
several months at the same time the
battery was not supplying any loads,

which eventually “boiled” the battery
dry. It appears the continued charging
caused the battery plates to short out
or heat up, which ignited the sur-
rounding hydrogen gas. Although
there was no fire, it was a real mess to
clean up and the acid permanently
blackened and softened the surround-
ing wood walls and floor. 

PPeerriiooddiicc  bbaatttteerryy  cclleeaannuupp
Lead-acid batteries contain sulfuric

acid which is very corrosive. If you
splash it on your clothes, the threads
will eventually dissolve everywhere it
made contact. If it gets on wood
building materials it will damage the
wood. If it gets on concrete, it will
damage the concrete. I have already
addressed the danger to your eyes and
skin.

In addition to normal acid spills and
drips during the adding of distilled
water, long term battery charging also
causes an acid “mist” to settle on the
top of the batteries and battery cables,
causing corrosion and poor electrical
contact at the terminal connections.
This surface condition can also allow
small electrical currents to flow
between the battery terminals, which
increase standby charge loss. 

Since any acid and “base” forms
water and a salt when combined, bat-
tery acid can be neutralized when in
contact with baking soda (a strong
base). I like to mix a bucket of warm
water with a half box of baking soda,
and wipe all batteries and cables with
a cotton rag dripping with the solu-
tion. Be sure you do this with all the
battery caps tightly secure, as you
never want any of the solution to
drain down into the battery cells. This
solution should always be nearby to
control any spills or accidental
splashes of battery acid onto skin or
clothes.

BBaatttteerryy  mmyytthhss
Storing a battery on a bare concrete

floor will “drain” away the charge.
No, a concrete floor surface is usually

much colder than a higher wooden
garage bench. Placing a battery on a
cold concrete floor lowers the bat-
tery’s state of charge due to the lower
temperature.

You can use a car battery for solar
applications. No, car batteries have
very thin lead plates to reduce vehicle
weight, and will quickly fail after
only a few deep discharge cycles.

Old lead-acid battery technology is
wasteful and contaminates landfills
with hazardous wastes. No, lead-acid
batteries carry a high refundable cash
deposit to ensure the old battery will
be exchanged, and almost every part
of the old battery will be 100 percent
recycled into new batteries.

CCoonncclluussiioonnss
This article is not intended to scare

a potential solar system buyer. It is
however, intended to give everyone a
healthy appreciation of how to take
care of and work safely around a
lead-acid battery bank. These batter-
ies are still the easiest and lowest cost
way to store the excess energy from a
solar array, wind generator, or hydro
turbine, and with regular mainte-
nance, a lead-acid battery will pro-
vide many years of safe and trouble-
free service. 

Jeff Yago is a licensed professional engi-
neer and certified energy manager with over
25-years experience in the energy conserva-
tion field. He is also certified by the North
American Board of Certified Energy
Practitioners as a licensed solar installer
and a licensed journeyman electrician. He
has extensive solar thermal and solar photo-
voltaic system design experience and has
authored numerous articles and texts. Mr.
Yago’s most recent book, Achieving Energy
Independence - One Step At A Time, includes
many solar system wiring examples and is
available from Backwoods Home Magazine.
∆∆
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See pages 98-99 for the
best deal in the house.

Get The 
Whole Sheebang!


