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Importance and effective measurement

State of health (SoH) of the battery of an electric or plug-

in hybrid vehicle is one of the most important aspects that
every owner of an electrically powered car should consider to
ensure functionality and optimal performance.
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WHAT IS MEANT BY

~STATE OF HEALTH (SOH)"?

The Term

The term SoH stands for ,State of
Health”, i.e. the state of health of the
battery of an electric or plug-in hybrid
car.

To know what state the battery of an electric
or plug-in hybrid car is in, the SoH must be
determined. However, electromobility is still a
young industry in which uniform standards and
norms do not yet exist. The lack of standards
also means that there is no uniform method
for calculating battery health (SoH). Our start-
ing point is what every EV driver is interested
in - range.

Importance

For every driver of an electrically powered
vehicle, it is important to be informed about
the SoH of his own car and thus to be able to
estimate the actual range that can be achie-
ved with the vehicle. This is because, unlike

a vehicle with an internal combustion engine,
the heart of the electric car, the battery, must
be checked regularly.
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A detailed test of the battery can also
help optimize the use of the electric
vehicle and identify errors in its use. In
addition, information about the actual
SoH of the battery increases driving
safety.

Knowing the health of your own battery, for example, can prevent a vehicle owner

from making an investment of up to 22,000 euros for a new battery.

AVILOO has the most comprehensive database on battery degradation behavior of over 90% of all
available electric car and plug-in hybrid models. Intensive testing processes, monitoring and data
analysis have been carried out over the past three years.



AVILOO SOH

SO HOW CAN THE SOH OF A BATTERY

The determination of the SoH by means of
range could be based on the following cal-
culation:

- the result is then given
as a percentage value. However, the decisive
factor in this calculation method is that the
same driving style is used as the basis for
both values.

Easier said than done! Because every driver has his or
her own individual driving profile. External influences also
affect the extractable energy of the battery and thus the
range of the vehicle under test. A calculation method that
is transparent and independent of external influences
would be the determination based on the WLTP driving
cycle.

WLTP Calculation

In principle, the formula ,current WLTP" divided by ,new
State WLTP" would be used again - the value for ,new
state WLTP" is the value specified by the manufacturer for
the range. In order to determine ,current WLTP", the car
to be tested would actually have to be driven according

to the WLTP standard. However, this process costs vast
amounts of money, is very time-consuming and is therefo-
re not an option for the average consumer. The reference
value, the WLTP range new condition, on the other hand,
could be taken from the manufacturer’s data sheet to cal-
culate the percentage value.

A simple solution

A simple solution is to measure during the
c_har?mg process! Unfortunately not so
simple after all...

The easiest way would be to measure the amount to be
loaded. However, this is influenced by external factors,
charging method, etc. and will therefore be greater than
the amount of energy actually stored in the battery. The-
refore, it is currently insufficient as the sole determinant
of battery condition.

- WLTP
stands for ,Worldwide Harmonised
Light Vehicles Test Procedure”, a test
procedure used to determine the fuel
consumption of vehicles.

—> The WLTP Data
is intended to reflect a driving profile
that is as close to reality as possible,
taking into account various influencing
factors.

— ,Realistic”
Of course, one could now argue again
about the term ,realistic” and it is no
secret that for many cars the real ran-
ge is far below their WLTP range. The
advantage, however, is that this met-
hod is the same worldwide and therefo-
re comparable and independent of the
driver's driving style.

The health-determining parameters of

a battery are its nominal voltage in volts
[V], its capacity in ampere-hours [Ah]
and the resulting amount of storable
energy in kilowatt-hours [kWh]. However,
these parameters change not only due to
the service life, but also due to environ-
mental influences (such as temperature),
discharge characteristics (driving profile),
etc.
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AVILOO TECHNOLOGY —

MANUFACTURER-INDEPENDENT

AND BASED ON REAL DATA

So if you want to know how far you can ac-
tually drive a vehicle without breaking down
halfway, you should leave the measurement
of the SoH value to those whose technology
you know and trust. With AVILOO you get not
only high quality calculated data, but also real
values from the tested car.

To avoid various discrepancies and to provide owners of an
electric vehicle with an accurate, reliable result about the
SoH of the vehicle, AVILOO has developed a very individual
test. The AVILOO method for SoH calculation provides an
honest, meaningful result based on the extractable ener-
gy in kWh. The extractable energy in kWh is comparable to
the tank capacity in liters of gasoline or diesel that can be
extracted from an internal combustion vehicle.
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However, there are further serious diffe-
rences or peculiarities in this comparison
that are not known from the combustion
engine. As we already know, the extrac-
table energy in kWh is strongly depen-
dent on the temperature of the battery,
as well as the discharge characteristics
and other aspects.
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THIS IS HOW THE SOH IS CALCULATED
USING AVILOO PREMIUM TEST:

The AVILOO Box is simply connected to the OBD
interface of your vehicle. Then, during battery di-
scharge from 100% to 10% through normal ever-
yday driving, it captures millions of battery-rele-
vant data points. This does not require any special
attention or adjustment to your driving style.

The analysis is based on all data collected during
the discharge. Millions of battery-relevant data
points from the vehicle are transmitted in real
time to the AVILOO Battery Data Cloud platform.
After completion of the discharge, the validation
of the transmitted data and from it the analysis of
the state of health (SoH) of the traction battery is
performed.

All data is evaluated and converted to a compara-
ble result on the AVILOO servers using the neces-
sary compensation factors. The calculation is made
according to the SoH display in the vehicle on the
total 100% and is shown transparently in kWh on
the battery certificate. The result is the value used
to assess a battery condition.

Current energy content

X100
New state energy content

The Basics of Analysis:

State of health (SoH) is calculated using sophisti-
cated algorithms and models. Two important fac-
tors considered in the calculation are temperature
compensation and discharge rate compensation
(type of driving).

To ensure temperature independence during the
battery test, each measurement result is compen-
sated to a battery temperature of 25°C.

To ensure discharge rate independence during the
battery test, each measurement result is compen-
sated to a typical discharge rate according to the
WLTP cycle.

SOC: 100% ... 10% (5%)

o — - —

AVILOO BATTERY DATA CLOUD

—> Current energy content
measured usable energy of the test vehicle
(100% to 0% according to the display)

- New state energy content

measured usable energy of the tested vehicle
model in new state (100% to 0% according to
display)

— SoH value

a percentage value that provides information
about the state of health (SoH)

Example:

The recorded battery capacity (100% to 0% ac-
cording to the display) for a specific car model is

60 kWh when new.

However, during the AVILOO PREMIUM test, only
a removable capacity of 54 kWh could be deter-
mined, which corresponds to the ,current energy
content”.

54 kWh / 60 kWh =0,9 = 90%

This means that the SoH of this battery is still
90% compared to the new condition.
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WHERE DO THE DIFFERENT

As already known, the SoH reflects the
functionality of the battery and shows how
much energy can be stored compared to the
new state.

In order to answer the question of whether the SoH
shown on the display of the electric or plug-in hyb-
rid car corresponds to reality, it must be read out or
calculated. The relevant SoH of a battery depends
strongly on the reliability of the data used for the
SoH calculation. Depending on which source is used
to calculate the SoH, the data that comes out of the
calculation also changes.

The SoH values of different sources are basically not
comparable. To illustrate the problem, we created a
graph of 1000 statistically relevant cases, contras-
ting and visualizing the SoH values read out with

the SoH values actually analyzed based on real data.
The graph shows the deviations in percentage points
(%P) between these two values.

.Read SoH values" are those calculated
by the BMS of the respective vehicle

and used for the range calculation. SoH
values analyzed based on ,real data” are
accurate battery health results generated
via a process.

The zero line representing exact SoH
values is the baseline. The deviations of
the read SoH values are shown as lines to
the left (read SoH value is smaller than
the actual SoH value) or to the right (read
SoH value is larger than the actual SoH
value).

Whether the absolute values are 90% or
50% SoH, for example, is irrelevant for
this presentation. It is important how
much the read values differ from the
measured, actual values. In some cases
the deviation of the comparative values
is 5 %P, in extreme cases even up to +91
%P.

Relative Deviations of the read SoH from the exact SoH
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THE REASONS

FOR THE DISCREPANCIES

There are several reasons for these discrepancies, which we can divide into diffe-

rent groups:

Reason 1
Technical reasons:

This extreme dispersion
simply comes from the inac-
curacy of the algorithm used
to determine battery health.
The health status is projec-
ted in the battery manage-
ment system (BMS). Each
BMS manufacturer creates

an algorithm for this purpo-
se, based on models of bat-
tery cells, operating models
and other aspects. These are
intended to map the evolution
of the battery’s health. Very
small processors with limited
power are used for the cal-
culations. Over the course of
their lives, these processors
need to calculate SoH estima-
tes as accurately as possible,
but here we see that many of
these processors are reaching
their performance limits in
doing so. The AVILOO evalua-
tion method is based on the
extremely powerful AVILOO
Battery Data Cloud and con-
tinuously learns, which is a
huge technical advantage.

Reason 2

Real (real-time measu-
red) data vs. read out
data:

This means that data must
be collected during a process
(unloading, loading, etc.). The
BMS works with statistically
extrapolated laboratory data.

Reason 3
Use of different methods
and no uniform approach:

What also plays a role here
with the zero line are the
rules, methodologies and
mathematical models that are
always the same and adapted
to different car models. Fur-
ther dispersion arises from
the different manufacturer
approaches. Manufacturer A
uses method A, manufacturer
B uses method B, etc. One
bases its estimate on dischar-
ge, the other on charge. One
measures by capacity, the ot-
her by energy. A manufacturer
specifies that this applies at a
certain discharge rate, e.g. the
corresponding WLTP cycle.
Another says ,this is a very
slow discharge.” Cell manu-
facturers often have comple-
tely different definitions than
car manufacturers. All these
factors contribute to a high
degree of dispersion. Howe-
ver, the main reason for this is
not only the different method,
but also the inaccuracy in the
algorithm.

The use of different methods causes a dispersion of about +15% to -10%. The remaining discre-
pancy is based on inaccuracies in the algorithm. However, this may change over time. A good
example of this is a customer who read the SoH value of his battery and it was, for example, 80%.
After a software update in the workshop, the value was process-safe at 100%. So we note here:
The manufacturer itself, delivered 80% SoH before the software update, and after the software up-
date, the SoH was suddenly at 100%!
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