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A brief history on batteries
by Dr Nico Rust

The battery has become an integral part
of life since the invention of the
motorcar. Many people do not realise
that the history of the battery actually
spans around 2250 years. In 1936,
evidence was found of a primitive
battery commonly referred to as the
Parthian or Baghdad battery which can
be dated back to around 250BC.
Although, uncertain as to its use, it is
commonly believed that the battery
might have been used for electrochemical plating.
Electrical energy in general had
remained a curiosity until the 1600’s,
where the English scientist William
Gilbert made a careful study of
electricity and magnetism. He was able
to demonstrate the lodestone effect
where static electricity was produced by
rubbing a piece of amber. Luigi Galvani,
in 1786, an Italian physician, physicist,
biologist and philosopher demonstrated
the electric nerve impulses whilst accidentally touching the sciatic nerve of a
frog leg with a scalpel that had picked
up some static charge, making the frog
leg move. He called it “animal electricity”.
The first traditional working battery,
however,
can
be
attributed
to Alessandro Volta's battery, who in
1800, demonstrated that alternating
layers of zinc and copper in a brine or
dilute sulphuric acid solution can
produce electricity. This battery finally
provided scientists with a more reliable
source of electrical energy than the
electrostatic machines previously used
during their experiments.

The use of the automotive battery would
still take another 45 years, before its
appearance in 1832, Robert Anderson
uses a primary battery to power a crude
form of an electric vehicle that he
invented. This, needless to say, was a
disposable battery which could only be
used once and was not very practical.
The real revolution would occur in 1859
when Gaston Planté invented the
secondary or rechargeable lead-acid
battery. The lead acid battery has
changed significantly over last 150
years with its demands in a wide range
of applications that has dramatically
changed its manufacturing. In 1911 the
battery was used in the early internal
combustion engine (ICE) vehicles to
power electric horns.
Before this,
motorists had to make use of a bell or
squeezing an air operated klaxon horn
to tell pedestrians to move out of the
way. In 1912, with the invention of the
electric starter, the battery was used to
start the ICE that replaced the
cumbersome starting handle which had
to be cranked by hand
...continues on next page

Interesting facts
about batteries
Did you know South African
contribution of battery technology development include
development of ZEBRA (Zero Emission
Battery Research Activity by Johan
Coetzer and the Lithium–ion battery by
Mike Tackery.
The first battery was created by
Alessandro Volta in 1798.
Volta’s invention of the electric battery in 1800 was inspired by an argument
over frog legs.
The volt, our unit of measure for electrical potential, is named after Volta.
The word “battery” was used by Ben
Franklin to describe multiple Leyden
jars, which were
Considered
power
sources during his
time. He pulled the
word from the military
term “battery”, which
defined a group of
weapons working together.
Unlike milk, the expiration
date on a box of batteries
doesn’t mean they need to
be tossed. The batteries
may start losing some efficiency by the time an expiration date arrives, but it
still has a lot of life.
All batteries, including rechargeables, eventually die. This is because the
chemicals inside the battery degrade
over time and with usage.

Picture above - 2000—2010: The introduction
of Start/stop system used in modern society

Information sources:
www.fenixlighting.com/ten-fun-facts-aboutbatteries/
www.envirogadget.com/recycling/10interesting-facts-about-batteries/
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www.blogbattery.com/2016/02/20-electrifyingfacts-about-batteries-for-national-battery-day

A brief history on batteries (continued..)
by Dr Nico Rust

Timeline illustration above from (left to right) 250 BC: Baghdad battery, 1786: Study of electricity and magnetism, 1859: Discovery of

“animal electricity, 1911: Invention of electric horns, 1912: Invention of the electric starter

With the invention of the sealed-beam headlights in 1939
and key operated ignition in 1949, the lead-acid battery
became fully incorporated into the modern ICE vehicle.
Batteries at the time, however, suffered from severe grid
corrosion problems, water loss and had to be replaced
regularly (1-2 years). By 1971, the invention of the first
sealed car battery was commonly referred to as the
“Freedom battery”, because of its low maintenance. The
“Freedom battery” did not require any user intervention in
terms of replenishing the battery water at regular intervals.
Significant improvements were also achieved in reducing
the corrosion properties of the alloys used in the newer lead
-acid battery types.

rival the energy density provided by fossil fuel and match
the distance internal combustion engines could cover at the
time. This lead to the introduction of the start/stop vehicle.
These systems would stop the engine when the car is stationary and start the car upon pressing the accelerator, to
save fuel, hence cut down the amount of pollution/
emissions produced.
Start/stop or micro-hybrid vehicles in essence require far
more advanced batteries, than that used in earlier
automotive applications, as the output of the battery must
be higher and it taken into account that the battery has to
be cranked more often during a single drive-cycle,
requirement which conventional lead-acid batteries could
not meet.
To address the demands of start-stop
applications, AGM (absorptive glass mat) or EFB
(enhanced flooded batteries) were developed, whereby an
absorptive glass mat replaced the conventional porous
polymer separator and nano carbons were incorporated into
the negative electrode to enhance the battery’s cycle life,
give rise to the modern lead-acid battery in its current form.

During the 1980’s-1990’s automotive vehicles saw the
demands placed on the battery increasing with the gradual
addition of various devices ranging from “in-car” entertainment systems, air conditioners, satellite navigation systems,
engine management systems and other types of
computerised gadgets. These demands lead to improved
battery design, ranging from the addition of additives to the
electrodes and improved manufacturing processes, which
allowed for lead acid batteries to provide more capacity to Although these advanced types of batteries, particularly the
meet not only meet the demands of the vehicle but the AGM battery, are expensive and tedious to manufacture,
the Lead-acid battery still provides a cheaper battery
demands of the consumer as well.
alternative, which is almost fully recyclable and safe, in
With the awareness of global warming taking shape during comparison to battery technologies that are currently
the 20th century, the internal combustion engine was seen available, particularly lithium-ion batteries. The modern
as a major contributor to gas emissions. The emission lead-acid battery, in a sense, has very much reached its
problem was amplified as the emissions became more limits regarding optimisation of the battery chemistry and
problematic when considering the exponential growth of cell design, to increase battery performance. For the
vehicle sales that was occurring. This however created a lead-acid battery maintain its relevance as a cheap source
major problem as the internal combustion engine wasn’t of energy for modern vehicles in the future, it would be
going anywhere soon as it has become a part of everyday required that the number of cells per battery be increased
life, moving people, and growing economies. Another whereby the voltage, hence power of the battery increases.
hindrance was that there were no alternative candidates to
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Timeline illustration above from (left to right) 1939: Sealed-beam headlights, 1949: Introduction of magneto electrical generator, 1971: First
seal lead-acid battery , 1980’s to 1990’s in car technology.

What’s the deal with 48V batteries?
By Prof Ernst Ferg

The idea of increasing the traditional battery voltage from
12V to 48V battery in the commuter vehicle was already
considered by some automotive manufacturers in the
1990’s as a possibility. Even though there might have
been some significant improvements in the power
performance of some components, a large number of
vehicle electric components would still have to work at
12V. To offset some of the challenges of changing the
entire electrical system of the vehicle, the possibility of
having a parallel battery system of 12V and 48V was at
that stage not economically feasible.

an electric drive motor. These transitions will require the
vehicle to have a secondary battery at a higher battery
voltage of around 48V or higher. At 48V, the voltage is
considered to be within an ideal scenario. Whereas the
safety aspects and regulations of DC power systems
above 60V becomes a lot stricter. Also, a significant
increase in the battery size above 60V would offset some
of the additional benefits. 48V has also been considered
as an ideal working voltage for smaller vehicle systems
such as golf carts, e-bikes and e-scooters.

With the increase in the modern vehicle’s electrical
systems where a lot of traditional mechanical
components are replaced by electrical systems, the
increase in the power demand and related electronics
has increased. These include amongst others, fuel, oil
and water pumps, power steering, air-conditioning and
on-board computing where the demand on the
conventional 12V battery has increased significantly.
A big motivation to move to a higher voltage battery in
the vehicle is the introduction of the hybrid electric
vehicle concept that can range from a micro hybrid, mild
hybrid to a full hybrid or plug-in hybrid. Each group of
hybrid technology aims at reducing the use of fuel in their
internal combustion engine (ICE) and yet maintain the
vehicles expected performance. This is done by
optimizing the ICE design and to run a parallel and
supporting electrical drive system. The innovativeness
can range from assisted electrical drive to the current
popular micro hybrid system that allows the vehicle’s
on-board computer to switch off the engine when it is in a
stationary mode for a certain period of time. Typically at
a red traffic light or stop street intersection.
This move in technology is primarily motivated by the
introduction of the European Union’s strict requirements
for vehicle manufacturers to meet the low exhaust
emission standards. This is measured in terms of grams
of CO2 per km traveled. Hence the requirements are that
by 2021, the typical commuter vehicle should have an
exhaust emission of less than 95g CO2 / km. This
equates to about 4.1L of fuel consumption per km. If
these standards are not met, the vehicle manufacturer
will be charged an emission levy for each vehicle sold of
€95 / g of CO2 that is above the legislated 95g CO2 / km.
This shows that there is a transition towards a full electric
vehicle (EV) that would be going through a number of
stages of hybrid technologies in order of reduce the
exhaust gas emissions by complementing the ICE with

Picture caption: 48V Dual Battery example. Source: Valeo

For now, many hybrid vehicles make use of a dual 12V
and 48V system. Where the power electronics
comfortably manages the various vehicle electrical
systems to work efficiently at either 48V or at 12V for
lighting, ignition and the radio. Current technologies
make used of the 12V lead acid battery and a 48V Li-ion
battery configuration. The challenge is around the
number of cells in series required per battery. For a lead
acid battery, 24 cells in series would be required to
achieve 48V, whereas a typical lithium-ion battery would
only require 14 cells in series. Also, a starter lead acid
battery that is designed and built for typical high current
ICE starting applications, is not ideally suited for deep
capacity cycle that is required to power an electric motor.
The lead acid battery would have a different design for
deep capacity cycle applications. Also, a 24 cell large
48V lead acid battery could have the risk of a single cell
failure that would result in the entire component being
rendered as damaged. Whereas 48V Li-ion batteries are
usually assembled in terms of single independent
conventional pouch or cylindrical cells to the right voltage
configuration.
...continues on the next page
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What’s the deal with 48V batteries? (continued...)
by Prof Ernst Ferg

More advanced vehicle systems would make use of
regenerative breaking in order to recharge the 48V battery
and to optimize and actively manage the power usage.
With the move of vehicles towards autonomous driving,
there will be additional energy demands that are required
for high speed computing that manages radar, sensors
and cameras that respond to the drivers input and are
integrated into the road traffic environment. Some vehicles
in the mild hybrid vehicle configuration are making use of
efficient DC to DC converters to allow for both 12V and
48V to be managed from one battery.

Advanced lead acid batteries such as the Ultra-battery
have been giving promising results in being incorporated
into hybrid type vehicles and were demonstrated by the
Advanced Lead Acid Battery Consortium (ALABC) to be a
cost effective alternative at the 48V level that can meet the
medium term emission requirements [1]. Other advantages of considering the lead acid battery in such applications is the well-established manufacturing technology that have also shown over the years to have a good
recycling system in place to ensure minimal impact to the
environment and an effective use of natural resources.
Currently, vehicles equipped with Start/Stop or microhybrid technology make use of advanced lead acid battery
technology that also include enhanced flowed battery
(EFB) or the absorptive glass matt (AGM). In essence,
they make use of a carbon additive to the negative plate
active material to improve the batteries capability to capacity cycle at a partial state of charge.

Another advantage of using higher voltages is the
reduction in the weight and thickness of the wire harness
used in the vehicle for certain devices. At a higher voltage,
less current would be required when compared to the use
of a 12V battery. The Li-ion battery had been shown to be
the ideal battery for its use at 48V since it is well suited for
deep cycle capacity applications. However, the
comparative cost of the Li-ion battery pack is still
significantly high where there are additional costs The various stages of vehicle electrification and the move
associated with the complexity of the battery management towards a reduction in the emission of typical commuter
system (BMS) and the cell configuration to ensure vehicles is summarized in the following figure.
passenger safety during a possible accident.

Article content source:

www.alabc.org/press-releases/hybrid-vehicle-with-48v-advanced-lead-carbon-battery-on-path-to-meet-future-ultra-low-emissions-targets
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Lithium-ion applications
by Charmelle Snyders

Batteries are an important component in today’s consumer
electronic commodities. With the increase in the awareness
of the global “green” environmental aspects of consumer
products, this has also become an important parameter in
the manufacturing and use of batteries. In addition to the
environmental and health concerns of certain consumer
products, there is an increase in the demands for clean and
efficient energy usage with a focus on renewable energy.
This has increased the demand for electrical energy storage
systems. With the diminishing trends in fossil-fuel reserves,
global warming concerns, increase demands for portable
electronics and grid storage systems, the demand for
efficient management and the storage of energy in many
forms has become of great importance and can be referred
to as “green ecology”. One aspect of the green ecology is
the need to decrease the CO2 emissions from fossil fuel
based vehicles which has led to the introduction of full
hybrid/electric vehicles (HEV and EV), such as cars, buses,
commercial vehicles and trains. These are powered by large
batteries, which are predominately based on Li-ion
chemistry. Li-ion batteries have become the more dominant
battery type used in portable electronic devices such as cell
phones, computers and more recently their application in full
HEV and EV.
Li-ion cells can also be built into various designs such as,
prismatic cells (used in cell phones, laptops or tablets and
the 20-50 Ah cells are primarily used for electric powertrains
in EV and HEV), pouch cells (used in consumer applications,
electric vehicles or military applications) coin cells (used in
watches, electric clocks or remote control keys) and
cylindrical cells (used in cameras, toys, power tools or
medical instruments). The well-known Tesla EV (90kWh)
also makes use of an 18650 cylindrical cell (3.4 Ah cell),
whereas the Nissan Leaf (30kWh) and BMW (22kWh) makes
use of pouch/prismatic cells (60 A cell).

Pictures caption: Battery pack used within a Joule EV
Source: alphadot.co.za

Li-ion battery packs used in EV’s can produce a high energy
output and require more energy capacity. Whereas when
these battery types are used in HEV’s it stores a small
quantity of energy due to its continuous recharge during
driving. The Li-ion batteries in HEV’s are designed to hold
about 300 000 cycles and that of EV’s require about 1000
cycle durability. These batteries used within the HEV and EV
systems are usually cycled at a discharge-charge voltage
range of 3.5-4.0 V.

Picture caption: Summary of the compromises in safety, energy
density, cost and temperature performance, regarding available of
lithium-ion battery chemistries.

Overcharging/thermal runaway and short circuiting are
important safety concerns within these batteries. For some
cell chemistry types, thermal runaway can even occur when
a cell reaches a temperature of 60 °C and higher, resulting in
a continuous rapid heating that can lead to gassing and the
combustion of the organic material.
Care should be taken when charging these battery packs, as
overcharging can lead to anode/cathode deformation/
damage resulting in dendrites. These dendrites can then
cause punctures within the separators causing possible short
circuiting and sometimes explosions as an extreme.
Researchers continue to develop new materials (to mention
a few such as; new polymer and flame retardant materials
and modifications within its anode/cathode oxide synthesis)
to overcome some of these limitations.
Of advantageous Li-ion batteries used in HEV and EV
systems should have a high-energy efficiency, no memory
effects, relatively long capacity cycle life, and high charge
and discharge rates, non- or low-toxicity and be cost
5
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Battery Management Systems
by Xander Theron

The increasing use of rechargeable battery cells across various technology platforms has created a need to control the
various functions of the battery systems to ensure safety and
reliability of the cells. Battery management systems (BMS)
are a crucial requirement for rechargeable batteries especially lithium-ion (Li-ion) cells commonly found in devices such
as cell phones, laptops as well as Electric Vehicle (EV) batteries.

During charging of the battery pack, certain cells will reach
their upper cut-off voltages before other cells which could
result that the cell continues to charge above this limit, hence
overcharging some of the cells can cause damage and create an unsafe scenario. Similarly, this can be experienced
during discharging with cells going below their lower cut-off
voltage. The BMS is therefore required to balance each of
the cells at their minimum/maximum voltage whilst continuing to bring the remainder cell voltages to the required levels.
The BMS needs to balance the cells continuously throughout
the battery life to ensure good and safe performance.
Cell balancing can be achieved by two main methods, passive balancing and active balancing. With passive balancing,
resistors are used in parallel to each cell to dissipate the excess energy to achieve equal voltage on each of the cells.
Passive balancing method is cheap but not very efficient as
the energy in the resistors are converted to heat and lost.
With active balancing, capacitors are used to equalize the
energy flow between the cells, the capacitors discharge to
lower voltage cells to equalize the voltage between cells.
The balancing can also be achieved by using inductors and
transformers and hence active balancing is more expensive
and efficient to implement than passive.

Picture caption: Battery Management System design
Source: www.altera.com

The primary role of the BMS is to protect the cells ensuring
safe and reliable operation of the battery. This is achieved by
monitoring the energy flow into the battery (current and voltage measurements) as well as monitoring the temperature of
the cells to ensure that the cells temperatures stay in the
optimal range for functionality. The need to control and monitor the energy flow to and from the battery is to ensure that
no overcharge or over discharge takes place beyond the cell
limits, and provide short circuit protection to ensure that cells
are isolated during such an event. Should the BMS detect an
unsafe event it commands the main contactors to disable the
load disabling the function of the battery.
The secondary function of the BMS is to balance the cells
within the battery to ensure the best performance. Batteries
packs consist of multiple cells which differ slightly in capacity
and impedance due to differences in the manufacturing process which are compounded with cycling during their life cycles. During the cycling of the battery, the cells start to become more unbalanced which affects the battery performance. A battery can be viewed as a chain where the various cells represent the chain links and the battery is as
strong as the weakest cell as the case with a chain.

Picture caption: Battery Management System overview
Source: www.researchgate.net

The third function of the BMS is communication to other systems such as other system controllers. Communication will
include cell temperature, energy flow, state of charge (SOC)
and health (SOH) estimation and battery voltage information
to be used for controls or display for user feedback. In conclusion, battery management systems allow safe and optimal
operation of cells and batteries and also provide the user
valuable feedback such as the current state of health
(achieved by keeping count of energy in and out of the battery), temperature to enable the system to lower charging or
discharging rate as well as logging the data to capture the
history of the battery life cycle. BMS’s consist of printed circuit boards that can be a central system with multiple cell
feedback sensors, or a master board that controls multiple
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