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1. Introduction

The nickel-cadmium battery is the
most reliable bcttery system
available in the market today. Its
unique features enables it to be
used in applications and
environments untenable for other
widely available battery systems.

It is not surprising, therefore, that
with the emergence of the
photovoltaic (PV) market and its
rigorous requirements, the
nickel-cadmium battery has
become an obvious first choice
for users looking for a reliable,
low maintenance, system.

This publication details the design
and operating characteristics of
the Saft Sunica battery to enable a
successful battery system to be
achieved. A battery which, while
retaining all the advantages arising
from nearly 100 years of
development of the pocket plate
technology, can be so worry free
that its only maintenance
requirement is topping up with
water.



2. The photovoltaic application

The typical requirements for photovoltaic (PV) applications are

ruggedness, environmental flexibility, unattended operation, ease of
installation, and reliability.

Photovoltaic applications can cover many applications including:

Navigational Aids

offshore
remote lighthouses
beacons

Telecommunications

emergency telephone posts
radio repeater stations
base stations

Rail Transport
crossing guards
lighting, signalling
isolated telephone stations

Oil and Gas

cathodic protection for pipelines
emergency lighting on offshore platforms

Utilities

electrification in remote areas




A photovoltaic system is made up
of three distinct parts :

The photovoltaic array which is
built to give up to 20 years of
service life.

Electronic components such as
blocking diodes and logic
circuits in power conditioners
and as controllers or voltage
regulators.

The battery which must assure the
autonomy requirecl by the
installation.

Systems are often installed in
remote areas, at sites accessible
on|y by foot, he|icopter or boat,
in good weather conditions and
with only limited skilled labour
available.

Thus, the ideal photovoltaic
power system is a reliable
installation which requires only
infrequent maintenance calls and,
clearly, the battery plays a
crucial part in this requirement.

Thus, the battery is a critical part of
the system and, premature failure
of the baﬁery results in a total
failure of the system.

Q The most important
characteristics required in a
battery for photovoltaic
applications are:

* Ability to withstand cycling,

daily and seasonal

* Ability to withstand high and

low environmental temperatures

* Ability to operate reliably,
unattended and with minimal
maintenance

° Ruggedness for transportation fo
remote sites

® Easily installed with limited
handling equipment and unskilled
labour

* Reliability and availability
during the 20 years service life of
the photovohqic modules

® Resistance to withstand failure
of electronic control systems



The construction of the Saft
Sunica cell is based

upon the Saft pocket

plate technology but with
special features to enhance
its use in the specialised
photovoltaic application.

3. Construction features of

the Sunica battery

3.1. Plate assembly

The nickel-cadmium cell consists
of two groups of plates, one
containing nickel hydroxide (the
positive plate) and the other
containing cadmium hydroxide
(the negative plate).

The active materials of the

Saft Sunica pocket plate are
retained in pockets formed from
nickel plated steel double
perforated by a patented process.
These pockets are mechanically
linked together, cut fo the size
corresponding to the p|c1te |ength
and compressed to the final p|ote
dimension. This process leads to
a component which is not only
mechonicq”y very strong but also
retains its active material within a
steel boundary which promotes
conductivity and minimises
electrode swelling.

These plates are then welded to a
current carrying bus bar assembly
which further ensures the
mechanical and electrical stability
of the product.

Nickel-cadmium batteries have an
exceptionally good cycle life
because their plates are not
gradually weakened by repeated
cycling as the structural
component of the plate is steel.
The active material of the plate is
not structural, on|y electrical. The
alkaline e|ectro|yte does not react
with steel, which means that the
supporting structure of the Sunica
boﬂery stays intact and
unchanged for the life of the
battery. There is no corrosion and
no risk of “ sudden death ”.

In contrast, the lead plate of a
lead acid battery is both the
structure and the active material
and this leads to shedding of the
positive plate material and
eventual structural collapse.

3.2. Separation

Separation between plates is
provided by injection moulded
plastic separator grids, integrating
both plate edge insulation and
plate separation.

By providing a large spacing
between the positive and negative
plates and a generous quantity of
electrolyte between plates, good
electrolyte circulation and gas
dissipation are provided and
there is no risk of the stratification
of electrolyte found with lead acid
batteries.

3.3. Electrolyte

The electrolyte used in Sunica,
which is a solution of potassium
hydroxide and lithium hydroxide,
is optimised to give the best
combination of performance, life,
energy efficiency and a wide
temperature range.

The concentration is such as to
allow the cell to be operated
down to temperature extremes as
low as — 50°C and as high as
+60°C. This allows the very high
temperature fluctuations found in
certain remote regions to be
accommodated.

It is an important consideration of
Sunica, and indeed all nickel-
cadmium batteries, that the



electrolyte does not change
during charge and discharge. It
retains its ability to transfer ions
between the cell p|cﬂes
irrespective of the charge level.

In most applications the
electrolyte will retain its
effectiveness for the life of the
battery and will never need
replacing. However, under
certain conditions, such as
extended use in high temperature
situations, the electrolyte can
become carbonated. If this occurs
the bc:h‘ery performcmce can be
restored by rep|c:cing the
electrolyte.

Plate

3.4. Terminal pillars

Short terminal pillars are welded
to the plate bus bars using the
well proven block boﬂery
construction. These posts are
manufactured from steel bor,
internally threaded for bolting on
connectors and are nickel plated.

The terminal pillar to cover seal is
provided by a compressed visco-
elastic sealing surface held in
place by compression lock
washers. This assembly is
designed to provide satisfactory
sealing throughout the life of

the product.

3.5. Venting system

Sunica is fitted with a special flame
arresting vent fo give an
effective and safe venting system.

3.6. Cell container

Sunica is built up using the well
proven block bql'rery construction.
The tough polypropylene
containers are welded together by
heat sealing and the assembly of
the blocks are completed

by a clip-on cover enclosing the
top of the Sunica block, giving a
non conducting , easy to clean,
top surface.

Protective cover

to prevent short circuits

Flame arresting vent plug

Plate group bus

to ensure reliable connections between projection-welded
plate fabs and terminal posts

Plate groups

with horizontal pockets of double-perforated
nickel-plated steel strips

Active materials

Nickel hydroxide and cadmium oxide,
balanced to match charge-discharge
characteristics of photovoltaic applications

Electrolyte

Plate tab spot welded for greater strength to plate
sideframes and upper edge of pocket plate

Separating grids

to allow free flow of electrolyte between plates

Plate frame

Potassium hydroxide with additives for
better charging efficiency

robust seal for plate pockets, serves as current collector



The benefits of the Saft Sunica

photovohaic bcﬂ'rery are:

e Complete reliability

Does not suffer from the sudden
death failure associated with other
battery technologies.

* Long cycle life

Sunica has a long cycle life even
when the charge/discharge cycle
involves full discharges.

* Exceptional long life

Sunica incorporates all the design
features associated with the
conventional Saft twenty year

life products.

¢ Low maintenance

With its increased electrolyte
reserve, Sunica reduces the need
for topping up with water and can
be left in remote sites for long
periods without any maintenance.

4. Benefits of the Sunica battery

* Wide operating temperature
range

Sunica has a special optimised
electrolyte which allows it to have
a normal operating femperature of
from —30°C to + 50°C, and
accept extreme temperatures,
ranging from as low as - 50°C to
up to + 60°C.

e Resistance to mechanical abuse

Sunica is designed to have the
mechanical strength required to
withstand all the harsh treatment
associated with transportation
over difficult terrain.

* High resistance to electrical
abuse

While the use of a voltage
regu|c1tor is recommended to
obtain maximum overall efficiency
of the system, the failure of this
component will not damage the
battery. It will simply cause an
overcharging of the battery and
so use extra water. The Sunica
battery is resistant to overcharge
and over-discharge conditions.

e Low installation costs

Sunica can be used with a wide
range of photovoltaic systems as it
produces no corrosive vapours,
uses corrosion free polypropylene
containers and has a simple
bolted assembly system.

 Well proven pocket plate
construction

Saft has nearly 100 years

of manufacturing and application
experience with respect to the
nickel-cadmium pocket plate
product and this expertise has
been built into the twenty plus
years design life of the Sunica
product.



5.1. Capacity

The Sunica battery capacity is
rated in ampere hours (Ah) and is
the quantity of electricity which it
can supply for a 100 hour
discharge to 1.2 volts affer being
fully charged. This figure was
chosen as being the most useful for
sizing photovoltaic applications.

5.2. Cell voltage

The cell voltage of nickel-cadmium
cells results from the
electrochemical potentials of

the nickel and the cadmium

active materials in the presence
of the potassium hydroxide

e|ectro|yte. The nominal vo|tqge for

this electrochemical couple
is 1.2 volts.

5.3. Internal resistance

The internal resistance of a cell
varies with the type of service and
the state of chqrge and is,
therefore, difficult to define and
measure accurately.

The most practicq| value for
normal applications is the
dischorge vo|roge response to a
change in discharge current. The
internal resistance of a Sunica cell
when measured at normal
temperature is approximately

and when 90% discharged it is
about 80% higher. The

internal resistance of a fully
discharged cell has very little
meaning. Reducing the
temperature also increases the
internal resistance and, at 0°C,
the internal resistance is

about 40% higher.

140 milliohm divided by the capacity (Ah).

The above figures are for fully
charged cells. For lower states of
charge the values increase. For
cells 50% discharged the internal
resistance is about 20% higher



5.4. Affect of temperature on

performance

Variations in ambient temperature
affects the performance of Sunica
and this must be allowed for in the
battery engineering.

Low temperature operation has the
effect of reducing the performance
but the higher temperature
characteristics are similar to those
of normal temperatures. The effect
of temperature is more marked at
higher rates of discharge.

Available capacity

The factors which are required in
sizing a battery to compensate for
temperature variations are given in
a graphical form in Figure 1

for operating temperatures from
—-40°C to + 60°C.

5.5. Short circuit values

The typical short circuit value in
amperes for a Sunica cell is
approximately 15 times the
ampere-hour capacity.

The Sunica battery with
conventional bolted ossemb|y
connections will withstand a short
circuit current of this magnitude for
many minutes without damage.

120%
100%
80%
Typical temperature derating factors for available capacity
for fully charged cells
60%
40%
-40°C -20°C 0°C +20°C +40°C
Temperature

+60°C

Figure 1: Typical capacity derating factors versus temperature



100%

920%

80%

70%

60%

50%

Percentage of initial capacity

5.6. Open circuit loss

The state of charge of the Sunica
cell on open circuit stand slowly
decreases with time due fo self
discharge. In practice this
decrease is relatively rapid
during the first two weeks but
then stabilises to about 2%

per month at + 20°C.

The self discharge characteristics
of a nickel-cadmium cell are

affected by the temperature.

At low temperatures the charge
retention is better than at normal
temperature and so the open
circuit loss is reduced. However,
the self discharge is significantly
increased at higher temperatures.

The open circuit loss for Sunica
for a range of temperatures which
may be experienced in a
photovoltaic application is shown
in Figure 2.

Open circuit period (days)

Open circuit capacity loss as a function of
time for different temperatures
0 50 100 150 200 250 300 350 400

Figure 2: Typical open circuit loss variation with time



5.7.Cycling

Sunica is designed to withstand the
wide range of cycling behaviour
encountered in photovoltaic
applications. This can vary from
low depth of dischorges to
discharges of up to 100% and the
number of cycles that the product
will be able to provide will depend

on the depth of discharge required.

Number of cycles

The less deeply a battery is cycled
then the greater the number of
cycles it is capable of performing
before it is unable to achieve the
minimum design limit. A shallow
cycle (say 20%) will give more
than 8000 operations, whereas a
deep cycle (say 80%) will give
about 1000 operations.

Figure 3 gives the effect of depth
of discharge on the available cycle
life and, it is clear, that when
sizing the battery for an
application, the number and depth
of cycles have an important
consequence on the predicted life
of the system.

10000

9000

8000
7000
6000
5000
4000
3000
2000

1000
Temperature + 20°C

Cycle life as a function of cycle depth of discharge
expressed as a percentage of the rated capacity

0
10% 20% 30%

40% 50% 60% 70%

Cycle depth

80% 90% 100% 110%

Figure 3: Typical cycle life versus depth of discharge at +20°C
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5.8. Effect of temperature on
lifetime

Sunica is designed as a twenty
year life product but, as with every
battery system, increasing
temperature reduces the expected
life. However, the reduction in
lifetime with increasing
temperature is very much lower for
the nickel-cadmium battery than
the lead acid battery.

Rated life in years

The reduction in lifetime for both
the nickel-cadmium battery and,
for comparison, a high quality
"10 year life" lead acid battery
is shown graphically in Figure 4.

In general terms for every 9°C
increase in temperature over the
normal operating temperature of
+ 25°C, the reduction in service
life for a nickel-cadmium battery
will be 20% and for a lead acid

battery will be 50%. In high
temperature situations, therefore,
special consideration must be given
to dimensioning the nickel-cadmium
battery. Under the same

conditions, the lead acid battery is
not a practical proposition due to
its very short lifetime.

0

Sunica nickel-cadmium

High quality 10 year life lead-acid

+20°C +25°C

+30°C

+35°C +40°C

Temperature

+45°C

+50°C +55°C

Figure 4: Typical battery life expectancy at high temperatures
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5.9. Water consumption and
gas evolution

During charging, more ampere-
hours is supplied to the battery
than the capacity available for
discharge. These additional
ampere-hours must be provided to
return the battery to the fully
charged state and, since they are
not all retained by the cell and do
not all contribute directly to the
chemical changes to the active
materials in the plates, they must
be dissipated in some way.

This surplus charge, or overcharge,
breaks down the water content of
the e|ectro|yte into oxygen and
hydrogen, and pure distilled water

has to be added to replace this loss.

Water loss is associated with the
current used for overchqrging.

A battery which is constantly
cycled, i.e. is charged and
discharged on a regular basis,
will consume more water than a
battery on standby operation.

In theory, the quantity of water
used can be found by the Faradic
equation that each ampere hour of
overcharge breaks down 0.366 cc
of water. However, in practice, the
water usage will be less than this
as the overchqrge current is also
needed to support self dischorge
of the electrodes.

The overcharge current is a
function of both vo|tqge and
temperature and so both have

an influence on the consummation
of water.

Water consumption (g/month, Ah)

Figure 5 gives typical water
consumption values

over a range of voltages
and temperature.

The gas evolution is a function

of the amount of water e|ectro|ysed
into hydrogen and oxygen and are
predominately given off at the end

of the charging period. The battery
gives off no gas during discharge.

The electrolysis of 1 cc of water
produces about 2000 cc of gas
mixture and this gas mixture is in
the proportion of 2/3 hydrogen
and 1/3 oxygen. Thus the
electrolysis of 1 cc of water
produces about 1300 cc of
hydrogen.

Typical water consumption values in grams
per month per Ah of capacity as a function of
temperature and voltage e. g. a battery of
120 Ah floating at 1.50 volts at +20°C
would use over a period of 6 months:

6 (months) x 120 (Ah) x 0.42 (factor for
1.50 volts at + 20°C) = 6 x 120 x 0.42 =
302 g of water per cell

1.7
1.55 volts/cell
1.5

1.3

1.1
0.9
0.7

0.5

/

1.50 volts/cell

1.45 volts/cell

1.40 volts/cell
|

0.3
01 /
+10°C +20°C
Temperature

Figure 5: Typical water consumption values
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6.1. Charging generalities

The pho’rovohaic array converts
solar irradiance into dc electrical
power at a predetermined range
of voltages whenever sufficient
solar radiation is available.
Unlike a mains connected system
the output from a photovohaic
array is variable and, to obtain
the best efficiency from the
system, it is quite normal to have
some form of charge control.

Two techniques for charging
nickel-cadmium batteries used
in photovoltaic systems are as
follows:

6. Battery charging

6.1.1. Voltage limit with charge
current limited by array

In this system, the battery is
charged at a current which is
determined by the array
capability. When the battery
has reached a predetermined
voltage limit, the charge current
tapers off. |o|ec1||y, to obtain the
best efficiency from the system,
the voltage limit should be
temperature compensated.

The battery will continue to
charge until the photovoltaic
power available is less than that
required to charge it.

The upper voltage limit for the
nickel-cadmium battery is usually
chosen in the range of 1.55 to
1.65 volts/cell depending on the
system requirements.

6.1.2. Two step charging

This differs from the above method
by allowing the battery

to charge up to a high preset
voltage and then dropping to a
lower maintenance level voltage
to reduce the water consumption
of the bcmery. This second low
level "floating" voltage should be
in the range 1.42 to 1.45 volts

to ensure that the battery will still
continue to accept a small level of
charge. Again, as the previous
method, it is recommended that
temperature compensation should
be used to reduce water
consumption of the battery.

13
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6.2. Charge efficiency

The charge efficiency of Sunica

is dependent on the state of
chorge of the bottery and the
temperature.

For much of its charge profile it is
recharged at a high level of
efficiency.

Figure 6 shows the charging
efficiency for batteries 50%,

70% and 90% charged for a
wide range of temperatures and,
it should be noted that, although
the charging efficiency is at it
lowest at +40°C it still remains at
above 75% for a battery already
70% charged.

In genera|, at states of chc:rge less
than 80% the charge efficiency
remains high but as

the battery approaches a fully
charged condition, its the
charging efficiency falls off.

This is illustrated graphically

in Figure 7.

In practice, a photovoltaic
system’s bdﬂery normc:||y has a
state of charge between 20% and
80% and so the charging
efficiency of Sunica remains high.

The charging efficiency of Sunica
is not reduced with time and so
this does not have to be taken
into account in battery sizing.



Charging efficiency

110%

100%

90%

80%

70%

60%

50%

40%

Charging efficiency of the Sunica battery as a

Battery 50% charged
&

Battery 70% charged O

Battery 90% charged O

function of temperature and the state of charge

of the battery

30%
-20°C

-10°C 0°C

+10°C +20°C +30°C

Temperature

Figure 6: Charging efficiency as a function of temperature

Percentage

+40°C

110%
100%
90%

80%
70%

W Available capacity (% rated)
[ Charge efficiency (%)

60%
50%
40%
30%
20%
10%
0%

0 10 20 30 40 50
Charge input (% rated capacity)

Charge at constant current (current

02CA)

60

70 80 90 100 110 120

Figure 7: Typical ampere-hour efficiency at +25°C

130

140
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6.3. Temperature effects

As the temperature increases,
then the electrochemical
behaviour becomes more active
and so, for the same floating
vo|toge, the current increases.
As the temperature is reduced,
then the reverse occurs. Increasing
the current, increases the water
loss and reducing the current
creates the risk that the cell will
not be sufficiently charged.

Voltage adjustment

Thus, as it is clearly advantageous
to maintain the same current
through the cell, it is necessary

to modify the floating voltage as
the temperature chonges.

The change in voltage required,
or "temperature compensation",
is given in Figure 8.

If these values cannot be exocﬂy
met with a particular system

then temperature compensation
values of between =2 mV/°C and
-3.5mV/°C are acceptable.

12%
8% .
Temperature compensation recommended
for sustained temperatures above +30°C
and below +10°C
4%
0%
- 4%
-8%
—-40°C -20°C 0°C +20°C +40°C

Figure 8: Charging voltage adjustment for sustained temperatures
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6.4. Commissioning
requirements

It is recommended that a good
first charge should be given to
the battery.

This is particularly true for
discharged and empty cells which
have been filled as they will be in
a totq”y dischqrged state.

A constant current first charge is
preferable and this should be such
as to supply 300% of the rated
capacity of the cell.

Thus, a 250 Ah cell will require
750 ampere hours input

e.g. 50 amperes for 15 hours.

In cases where it is not possible to
provide constant current
charging, it is possible to achieve
this with a constant voltage by
using a high voltage level. e.g.
1.65 voltage limit may be used
for 20 to 30 hours if the current
limit is approximately equivalent
to the 5 hour charge current (cell
rated capacity + 5).

If the current rating is lower then
the charge time should be
increased accordingly.

When the charger maximum
voltage setting is too low to
supp|y constant current charging,
divide the battery into two parts
to be charged individually at a
high voltage.

In the case of remote areas, where
the only charger available is the
photovoltaic array, charging may
be possible.

The bottery should be connected
to the system with no connected
load and no voltage limit.

The battery should then be
charged, in good sunshine
conditions, for approximately three
times the calculated full chorge
capability of the solar array.

17
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7. Special operating factors

7.1.Electrical abuse

7.1.1. Ripple effects

The nickel-cadmium battery is
tolerant to high ripple and the only
effect is that of increased water
usage. In general, any
commercially available charger

or generator can be used for
commissioning or mainfenance
charging of Sunica.

7.1.2. Over-discharge

If more than the designed capacity
is taken out of a battery then it
becomes over-discharged.

This is considered to be an abuse
situation for a battery and should

be avoided.

In the case of lead acid batteries
this will lead to failure of the
boﬂery and is unocceptab|e.

The Sunica battery is designed to
make recovery from this situation
possible.

7.1.3. Overcharge

In the case of Sunica, with its
generous e|ectro|yte reserve, a
small degree of overcharge will
not significantly alter the
maintenance period. In the case of
excessive overcharge, water
replenishment is required but there
will be no significant effect on the
life of the battery.

7.2. Mechanical abuse

7.2.1. Shock loads

The Sunica block battery
concept has been tested to both
IEC 68-2-29 (bump tests at 5 g,
10 g and 25 g) and IEC 77
(shock test 3 g).

7.2.2. Vibration resistance

The Sunica block battery
concept has been tested to

IEC 77 for 2 hours at 1 g.

7.2.3. External corrosion

Sunica nickel-cadmium cells

are manufactured in durable
po|ypropy|ene, all external metal
components are nickel plated
and these components are
protected by a rigid plastic cover.



The type of use of the PV system
and the required reliability is of
paramount importance in sizing
the system.

Professional applications
(emergency systems, sea-lights,
radio beacons efc.) have to be
oversized according to their
importance and it is necessary to
take into account the working
conditions of the system.

It is not the purpose of this manual
to give sizing methods for
comp|ete photovohc:ic systems.
However, this is an application
with specific performance
requirements and it is useful to
discuss the different factors which
can effect the design of the system
and the battery sizing.

The array and bqttery size are
related since the photovoltaic
system must have array and
battery sizes which are sufficient
for the load to operate at all the
required times throughout the year.
The system could have a smalll
array and a large battery or vice
versa. However, there are limits fo
these sizes as, while the minimum
array size is that which can deliver
the annual daily

load in the average daily
insolation, the minimum battery
size is that which can supply

the overnight load.

The final choice of a particular
combination of array size and
battery size is related to the
relative costs of each, their
respective maintenance costs
and their respective replacement
frequencies.

8. Battery sizing principles

Q The following factors have a
major influence when sizing a
photovoltaic system:

* Insolation

* Photovoltaic array tilt angle
* Load size and profile

e Ambient femperature

* Maximum permissible depth
of dischqrge of the bqﬂery

* System availability (autonomy)

O Numerous other factors have a
lesser but still significant effect:

* Battery charging efficiency
* Battery charging current

* Ageing of array

* Safety margin

* Rate of self discharge of
batteries

* Water consumption

The importance of each factor

is discussed below and it is
important that a battery
manufacturer should supply such
information where required.

The insolation is very important
and the annual variation in
average daily insolation is
required. This is often available
as average monthly insolation
values and should be preferable
averages over several years.
For some types of sizing programs
the number of consecutive dqys of
low insolation is required.

The size and angle of tilt of the
photovohqic array affects the

quantity of insolation which is
converfed info usable electricity.
This is also influenced by the
ambient temperature.

The load characteristics have a
maijor effect on battery size. If the
load demand is mostly during the
middle of the day then the battery
size will be smaller than if the
load is during the night.

If it is possible to discharge the
bcﬂery fu||y, then the boﬁery size
required will be smaller than if the
batteries may only be discharged
to a predetermined value. In
deciding the maximum discharge
depth, consideration must be
given fo its effect on battery life
(section 5.7) e.g. if the battery
size is halved by doubling the
depth of discharge but the life of
the battery is reduced four-fold
then perhc:ps it may be better to
restrict the depth of discharge and
use a |arger bc:ttery. Again, the
ambient temperature affects the
total available battery capacity
(section 5.4).

The charging efficiency is the ratio
of the energy supp|ied to

the energy stored in the bqttery.
This is dependent both on the
ambient temperature and the state
of charge of the battery.

It is important to allow for different
charging efficiencies at extremes
of ambient temperature and depth
of discharge (section 6.2).
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The charging current has an
influence on charging efficiency
and, as in photovoltaic
applications the charging current
is very variable, values used
should be typical for low charging
currents and it should take into
account the ambient temperature
(section 6.3).

The water consumption, has an
indirect effect on the sizing of the
battery as, if reduced maintenance
visits to the site are required, it
may be necessary to oversize the
battery.

Correct choice of boﬂery type and
charging voltages can reduce
considerably the water
consumption (section 5.9).

Over the life of the photovoltaic
system, due to ageing effects, the
array output will decease slightly
and the fu||y chorged capacity of
the battery will also decrease.

In addition, high ambient
temperatures will have an affect
on the lifetime of the battery.
Thus an over-sizing of the battery
is required to allow for this
(section 5.8).
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In some applications where there
may be periods of several weeks
or more when the system is neither
charged or discharged, the self
discharge, or open circuit loss,

of the batteries should also be
considered (section 5.6).

Thus the battery information
required for sizing a photovoltaic
application is generally more
extensive than that required for
conventional systems.

Sizing methods

With regard to photovoltaic system
sizing, there are fundamentally two
different methods used. One
method calculates the array size for
a stated system availability and a
range of bqﬂery sizes, the other
uses the number of days of
autonomy required for the system
(based upon the maximum
expected number of low insolation
days) which defermines the battery
size and then calculates the array
size. The former method is often
known as “availability sizing”, the
latter as “autonomy sizing”.

Autonomy sizing

Autonomy sizing is generally
applicable where the insolation is
fairly constant during the year,
typically in the tropics, but it can
be extended to any situation
where a non-sunny period can be
expected. Thus, it relies on a
statistical analysis of consecutive
non-sunny days and depends on
an optimisation between cost and
system availability.

For the battery sizing, it is fairly
simple to carry out.

If the battery is assumed to be fully
charged every day the following
formula can be used:

Capacity = A x L x kt x kd x ka
where:

A = required autonomy (hours)
L = daily load

kt = temperature compensation
factor (see Figure 1)

kd = compensation factor for
maximum allowable depth of
discharge (see Figure 3)

ka = compensation factor for
ageing (see Figure 4)



Thus, as an example, we will

take an application which requires
an autonomy of 3 days (72 hours),
but is usually only discharged

to its design limit once every

2 weeks, has a normal ambient
temperature of + 30°C and has

a normal average daily load

of 100 watts/48 volts.

(see example below).

Autonomy sizing can be of two
distinct types. The inter-seasonal
storage type, where the array
size (small) is chosen to produce
enough energy to match the
yearly load and the battery (large)
is required to store sufficient
energy produced in summer to
supply the energy deficit in winter,
or, the short term storage type,
where the array size is chosen to
cover the load demand in the worst
sunlight period, and the battery
size is chosen to supply energy
over a prescribed number of
olqys autonomy.

Availability sizing

Where the insolation data is not
constant enough throughout the
year to use autonomy sizing, then
availability sizing must be used.
This method of sizing requires
meteorological data (e.g. Typical
Reference Year for Europe or
Typical Meteorological Year for
US to give insolation and daytime
temperc:tures) to be available qnd,
for a particular tilt angle,

the load and battery type are
entered. The minimum array size
is calculated from the array
parameters such that it will supply
just enough electrical energy in
the year to meet the annual load.
Using this minimum array size, the
array size to meet the worst month
for different battery sizes can then
be calculated.

Once the array/battery size is
found the bdttery life may be

found from the number and depth
of discharge and the optimum
system produced.

Clearly, this iterative method
requires many different
parameters and is time
consuming. Computer programs
which carry out such an analysis
are used by all major systems
manufacturers and are beyond the
scope of this manual. It is
recommend that system sizing
should be referred to such
suppliers but if you do have
difficulty to obtaining the
information you need or finding
a suitable system supplierdo not
hesitate to contact your Saft
representative.

AUONOMY = 3 X 24 = ..ot 72 hours
Daily load = T00/48 = .......ccoiiiiiiiiece s 21A
Temperature compensation factor (Figure 1) = 1/1.04=................. 0.96
Maximum allowable depth of discharge is calculated from life

requirement (20 years) and number of cycles (26 per year) =........... 520
so discharge depth allowable (Figure 3) = ........cccooviiiiiiii 90%
and so factor = 1/0.9 = ..o 1.1
Compensation factor for aging at + 30°C (figure 4) = 20/18 = ....... 1.11
So battery capacity =72 x 2.1 x0.96x 1.11 x 1.11 = ........... 178.8 Ah
Number of cells required =A8/1.2 = e, 40

and so the battery will be 8 blocks of Sunica type SUN 17-5.
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9.1. Emplacement

The battery should be installed in
a dry and clean location away
from direct sunlight, strong
daylight and heat.

Sunica batteries can be fitted onto
stqnds, can be floor mounted or
can be fitted into cabinets.

Local Standard or Codes normally
define the mounting arrangements
of bc’rteries, and these must be
followed if applicable.

However, if this is not the case,
the fo||owing comments should

be used as a guide.

When the battery is housed in
a cubicle or enclosed
compartment it is necessary to
provide adequate ventilation.

A typical figure for room
ventilation is about 2.5 air
changes per hour and under

such conditions it is satisfactory

to install 700 watt hours of battery
capacity per cubic meter

if the final charge current is at

0.1 C, amperes.
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9. Installation and storage

Note that special codes for
ventilation may be applicable
in your area and/or baﬂery
application. In case of doubt,
please contact Saft for advice.

When mounting Sunica it is
desirable to maintain an easy
access to all blocks and they
should be situated in a readily
available position.

Distances between stonds, and
between stands and wc1||s, should
be sufficient to give good access
to the battery.

The overall weight of the bo’rtery
must be considered and the load
bearing on the floor taken into
account in the selection of the
bqttery accommodation. In case
of doubt, please contact Saft

for advice.

When mounting the bqttery ensure
that the cells are correctly
interconnected with the
appropriate polarity. The battery
connection to load should be with
nickel plated cable lugs.

The connectors and terminal
screws should be corrosion-
protected by coating with a thin
layer of neutral vaseline or anti-
corrosion oil.

Recommended torque for
connecting screws are:

M 6=11+ 1.1 Nm
*M8=20+ 2 Nm
*M1I0=30+ 3 N.m

To avoid accelerated ageing of
the plastic due to UV-light,
batteries with plastic cell
containers should not be exposed
to direct sunlight or strong
daylight for a prolonged period.



9.2. Electrical

Batteries may be supplied
charged and filled or discharged
and empty.

9.2.1. Batteries supplied charged
and filled

When the battery is received
remove immediately the plastic
transport seals. The bqttery is
ready for installation.

A filled battery can be stored for

a maximum of 1 year and should
be given a commissioning charge
as described in section 6.4 before
putting into service.

Cells delivered filled have already
the cell oil in place.

9.2.2. Batteries supplied
discharged and empty

When the battery is received do
not remove the p|c15’ric transport
seals until ready to fill the battery
with electrolyte.

A fully discharged, empty battery
with its transport seal can be
stored for many years.

When filling the cells refer to
the "Electrolyte Instructions"

data sheet supplied with the
electrolyte.

The electrolyte type to be used
for the first filling is: E30.

The cell oil must be added to
reduce water loss due to
evaporation and self discharge.
Add the oil with a syringe,
according to the quantity indicated
in the Installation and operating
instruction sheet.

After filling with electrolyte

the bc:ttery should be given a

full charge discharge cycle (300%
charge, discharge to

1.0 volt/cell) before passing

to the normal commissioning
charge described in section 6.4.
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10. Maintenance of Sunica batteries

in service

Ina correct|y designed stondby
application Sunica requires the
minimum of attention.

However, it is good practice with
any system to carry out an
inspection of the system once per
year or at the recommended
topping up interval period to
ensure that the charger, the
bo’rtery and the c:nci||0ry
electronics are all functioning
correctly.

When this system service is

carried out it is recommended that

the Sunica cell electrolyte levels
should be checked visually to
ensure that the level is above the
minimum and if necessary the
cells should be topped up.

The batteries should also be
checked for external cleanliness,
and if necessary cleaned with
damp cloth and the cover should
be removed to check that the
connections are tight, that the
protective grease on the terminals
remains intact and that the vents
are clean.



11. Sunica battery range

Type

SUN 3-2
SUN 3-3
SUN 3-5
SUN 7-2
SUN 7-3
SUN 7-5

SUN 10-2
SUN 10-3
SUN 10-5
SUN 14-2
SUN 14-3
SUN 14-5
SUN 17-2
SUN 17-3
SUN 17-5

SUN 21-2
SUN 21-3
SUN 21-5
SUN 24-2
SUN 24-3
SUN 28-2
SUN 28-3

SUN 31-2
SUN 31-3
SUN 35-2
SUN 35-3
SUN 38-1
SUN 42-1
SUN 52-1
SUN 63-1
SUN 70-1
SUN 84-1
SUN 87-1

SUN 104-1

Voltage
(V)

2.4
3.6
6.0
2.4
3.6
6.0

2.4
3.6
6.0
2.4
3.6
6.0
2.4
3.6
6.0

2.4
3.6
6.0
2.4
3.6
2.4
3.6

2.4
3.6
2.4
3.6

[SENENENENRENEN

1.2

Capacity (Ah)
100 hto 1.2V

35
35
35
70
70
70

105
105
105
143
143
143
178
178
178

214
214
214
251
251
286
286

322
322
358
358
393
429
537
645
717
860
896

1070

Dimensions (mm)

L

63
88
137
85
121
192

109
157
252
133
193
312
165
238
377

189
274
437
228
336
252
372

278
411
304
450
171
183
232
268
304
352
377

437

w

195
195
195
195
195
195

195
195
195
195
195
195
195
195
195

195
195
195
195
195
195
195

195
195
195
195
195
195
195
195
195
195
195

195

Weight Electrolyte (1)
H (kg) Total Reserve

349 5 0.74 0.22
349 8 0.74 0.22
349 13 0.74 0.22
349 8 1.08 0.35
349 12 1.08 0.35
349 21 1.08 0.35
349 11 1.31 0.48
349 17 1.31 0.48
349 28 1.31 0.48
349 14 1.84 0.61
349 21 1.84 0.61
349 37.5 1.84 0.61
349 17 217 0.75
349 25.5 217 0.75
349 42.5 217 0.75
349 19 2.60 0.88
349 29 2.60 0.88
349 48 2.60 0.88
349 24 3.25 1.10
349 36 3.25 1.10
349 27 3.78 1.20
349 40.5 3.78 1.20
349 31 4.00 1.35
349 46.5 4.00 1.35
349 32 4.24 1.50
349 48 4.24 1.50
349 18 4.77 1.65
349 19 520 1.75
349 25.5 6.40 2.25
349 29 7.80 2.65
349 34 8.60 3.00
349 38.5 10.40 3.50
349 42.5 10.60 3.75
349 48 13.00 4.40
— = = = =
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