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Ante-mortem analysis, electrical, thermal,
and ageing testing of state-of-the-art
cylindrical lithium-ion cells
H. Popp , N. Zhang, M. Jahn, M. Arrinda, S. Ritz, M. Faber, D. U. Sauer, P. Azais, I. Cendoya

Thanks to its exceptional performance in terms of high energy and power density as well as long lifespan, the lithium-ion secondary
battery is the most relevant electrochemical energy storage technology to meet the requirements for partial or full electrification of
vehicles (plug-in hybrids or pure electric vehicles), and thanks to decreasing cost and ongoing technical improvements, it will maintain
this role in the near to mid-term future. This study benchmarks eight different (five 21700 and three 18650 format) high-energy
cylindrical cells concerning their suitability for automotive applications and aims to give a holistic overview and comparison between
them. Therefore, an ante-mortem material analysis, a benchmark of electrical and thermal values as well as a cycle life study were
carried out. The results show that even when applying similar concepts like Nickel-rich cathodes with graphite-based anodes, the cells
show wide variations in their performance under the same test conditions.
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Ante-Mortem-Analyse sowie elektrische, thermische und Alterungstests von State-of-the-Art zylindrischen
Lithium-Ionen-Zellen.

Aufgrund ihrer hervorragenden Eigenschaften in Bezug auf Energie- und Leistungsdichte sowie ihrer hohen Lebensdauer ist die
Lithium-Ionen-Sekundärbatterie der bevorzugte elektrochemische Energiespeicher zur teilweisen oder vollständigen Elektrifizierung
von Fahrzeugen (Plug-In-Hybride oder reine Elektrofahrzeuge). Dank sinkender Kosten und laufenden technischen Verbesserungen
wird die Li-Ionen Batterie diese Rolle auch in naher bis mittelfristiger Zukunft beibehalten. Diese Studie bewertet acht verschiedene
(fünf 21700 und drei 18650-Format) zylindrische Zellen mit hoher Energiedichte hinsichtlich ihrer Eignung für Automobilanwendun-
gen, um einen ganzheitlichen Überblick und Vergleich zwischen den Zellen zu geben. Zu diesem Zweck wurden eine zerstörende
Materialanalyse, ein Benchmark der elektrischen und thermischen Werte sowie ein Test zur Ermittlung der Zyklenlebensdauer durch-
geführt. Die Ergebnisse zeigen, dass selbst bei Anwendung ähnlicher Materialkonzepte, wie Kathoden mit sehr hohem Nickel-Anteil
und mit Anoden auf Graphitbasis, die jeweiligen Zelltypen unter den gleichen Testbedingungen große Unterschiede in Einzel- und
Gesamtperformance aufweisen.

Schlüsselwörter: Lithium-Ionen-Sekundärbatterie; Elektrofahrzeuge; Vergleichstest; Materialanalyse; Alterung; elektrische
Performance; thermische Performance
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1. Introduction
The climate and energy framework for the year 2030 set by the
European Commission [1] demands at least

• 40 % cuts in greenhouse gas emissions,
• 32 % share for renewable energy, and
• 32.5 % improvement in energy efficiency;

all compared to the levels of the year 1990. Especially for road trans-
port these goals are ambitious, since by 2017, emissions increased
by 23 % compared to 1990 [2]. Electrification of the transport sec-
tor is seen as a key solution to reduce the environmental impact of
road transport. The lithium-ion secondary (also known as recharge-
able) battery (LIB) is now playing and is believed to continue to play
a major role in this scenario in the mid-term. A global market of
at least 44 million battery electric vehicles (EV) for the year 2030 is
prognosticated, not including two-wheelers and micro transport [3].

Cylindrical LIB cells have a competitive edge when it comes to
traction batteries because they offer high intrinsic safety and flexi-
bility in battery system design, all at reasonable cost [4]. Additionally,

some of the highest energy densities of cells currently available on

the market can be found in this format. Therefore, they are used in
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Table 1. Manufacturer and model, energy density according to
datasheet, and country of origin of tested cells

Manufacturer and model Energy density in Wh/kg Country

LG INR18650-MJ1 259.6 Korea
PANASONIC NCR18650-B 248.7 Japan
SAMSUNG INR18650-35E 252.0 Korea
LG INR21700-M50 263.0 Korea
SAMSUNG INR21700-48G 250.4 Korea
SAMSUNG INR21700-50E 260.9 Korea
SONY 21700-50EL 257.0 Japan
SONY 21700-52EM 267.4 Japan

micro-mobility, motorcycles [5] and cars [6]. Nowadays, these cells
are mostly produced in 18650 and 21700 formats.

Despite the popularity of these cells for such applications, a holis-
tic review of state-of-the-art cells for automotive applications is not
available. The collaborative Horizon2020 research project iModBatt
[7], among other goals, aims to fill this gap. This work presents
a selection of the interesting results which were achieved and fo-
cuses on the materials used, electrical and thermal benchmarks, as
well as the cyclic aging behavior. In February 2018 a market survey
on small cylindrical LIB cells was carried out in order to find com-
mercially available high-energy cells, based on which a selection of
five 21700 and three 18650 format cells was chosen. This panel in-
cludes the best energy densities of batteries available on the market
from major suppliers which in this case are LG Chem, Panasonic,
Samsung, and Sony/Murata. The energy density ranges from 248.7
Wh/kg up to 267.4 Wh/kg. The evaluation was done with automo-
tive specifications for passenger cars with pure electric drive.

2. Experimental
Table 1 provides an overview of the selected cells; their manufac-
turer, model, gravimetric energy density according to datasheets, as
well as the country of origin are given. The goal of the study was
to check these cells for their ability to work under automotive oper-
ational conditions for an EV setup, including space restrictions and
performance values, as predefined by two OEM companies. For this
reason, some cells were tested with current and power values out of
their operational window. The authors are aware that this can nega-
tively impact the performance of individual cells but decided for this
procedure for the sake of comparability.

Cells were scanned for material availability and environmental im-
pact, electrical and thermal performance and lifetime; so destructive
material analysis, electro- and thermal benchmark and cycle life tests
were carried out and are described below.

For each type of cell, a destructive ante-mortem analysis was car-
ried out to better identify the active materials used (types and quan-
tities) and to identify the presence of coatings. Materials and their
morphology were examined using a scanning electron microscope
(SEM) ESEM XL40 (FEI, US) equipped with energy-dispersive X-ray
spectroscopy (EDX) and a second SEM type Supra 40 (Carl Zeiss AG,
Germany), equipped with wavelength dispersive X-ray spectrome-
try (WD-XRF) and X-ray crystallography (XRD). For the analysis, cells
were fully discharged and disassembled in an Argon-filled (<0.1 ppm
of O2 and H2O) glove box (MBraun, Germany). Representative sam-
ple pieces of each electrode were collected from the disassembled
cells under inert atmosphere and washed using a dimethyl carbon-
ate (DMC) solution to remove residual salts from the electrolyte. The
microstructure and elements were analyzed in areas of interest by
EDX at least two times to guarantee repeatability.

For electrochemical cell characterization, three samples per type
were analyzed. The test specifications are based on the standard
IEC 62660-1 [8] to achieve comparable results, which also can serve
as benchmarks for other projects. Discharge capacity was measured
three times at 10 °C, 25 °C and 45 °C, for two current-rates (C-
rates) of 0.05 C and 0.5 C in a climatic chamber. The value of the
last full discharge from a fully charged state down to 2.5 V for all
cells was taken as a basis for further analysis and comparison in this
study. In between a standard charge with the nominal current of 1 C
constant current (CC) and VMAX set to 4.2 V, constant voltage (CV)
with termination criterion of I ≤ C/20 (CV @ C/20) was performed.
Resistance tests were applied at a state-of-charge (SOC) of 50 %, at
10 °C, 25 °C, and 45 °C and by applying pulses with three C-rates
of 0.5 C, 1 C, and 2 C with a break for relaxation in between. The
duration of each pulse was 60 s; the ohmic drop was determined
after 0.5 s during a discharge pulse.

Since heat generation during cycling is an essential parameter in
the design of a battery system and the selection of a suitable cool-
ing concept, many calorimetric measurement series were carried out
during the benchmarking tests. In particular, the aim was to evaluate
the heat generation rate (HGR) during discharge. Since the HGR de-
pends on both the cell temperature and the applied current rate, the
measurement was repeated for each of the five 21700 type cells1 in-
vestigated at 20 °C, 35 °C, and 50 °C, and again for three C-rates
i.e. 0.2 C, 0.5 C, and 1.0 C. It should be noted that in order to
compare the results of different cells and their use in the battery
pack design process, it is important to perform the tests at C-rates
related to the cell capacity and not at a constant reference current.
Only this way results independent of the absolute value of the cell
capacity can be obtained.

The measurements were carried out in an isothermal battery test-
ing calorimeter of the type isoBTC (H.E.L. Group, UK) which works
according to the power compensation principle. This means that the
average surface temperature of the sample was actively controlled
to the temperature setpoint with a precision of a few tens of mil-
likelvins utilizing a closed-loop control system. The efficiency of the
control loop was calibrated in a preliminary test. The total heat out-
put of the sample is calculated from the change in the manipulated
variable of the control loop.

For the aging tests, all different cell types with eight samples per
type were cycled at room temperature (25 °C) with different CC
rates and different depth-of-discharge (DOD), according to a statis-
tically optimized cycling regime (see [9]). Additionally, two cells per
type were cycled with a downscaled real-life profile from two differ-
ent OEMs (details on cycles see [10] available on [7]). Table 2 pro-
vides the number of cells, DOD, and the charge-discharge settings;
with PP for power profile and CP for constant power. The average
SOC is 50 % for all cells. The voltages VMIN and VMAX were de-
fined with 2.5 V and 4.2 V respectively, to have homogenous testing
conditions, and are within the values of all types of cells according
to their datasheet. The other values were derived from quasi-static
open-circuit voltage (OCV) tests, meaning a discharge with very low
current, where OCV almost equals VCELL.

Cycling was performed for 6 months or until the remaining capac-
ity was less than 80 % of initial capacity or operational temperature
became too high – whichever occurred first. Regular checkups at
every 75 full equivalent cycles provided full-cycle datasets enabling
comparison of cell types and load profile impacts.

1Due to hardware availability, only the 21700 cells were investigated during
thermal testing.
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Table 2. Number of tested cells per type DOD and charge/discharge settings

# DOD in % Charge settings Discharge settings

1 100 1 C CC, VMAX CV@C/20 1 C CC, VMIN CV@C/20
3 80 1 C CC, 4.055 V CV@C/20 1 C CC, 3.210 V CV@C/20
1 60 1 C CC, 3.980 V CV@C/20 1 C CC, 3.421 V CV@C/20
1 80 0.5 C CC, 4.055 V CV@C/20 1 C CC, 3.210 V CV@C/20
1 100 1 C CP, Vmax CV@C/20 OEM1 [10], PP to VMIN

1 80 1 C CP, Vmax CV@C/20 OEM2 [10], PP to 3.210 V

3. Results
The results shown in the following subsections aim to give an
overview and permit for comparison of the different cell types and
used material compositions.

3.1 Ante-Mortem analysis
Figure 1 (a) shows the typical microstructural SEM image of Nickel-
rich (Ni-rich) Lithium-Nickel-Manganese-Cobalt (NMC) cathodes and
Fig. 1 (b) one of the graphite (G) anodes of SAM INR18650-35E after
forming but without further cycling. The image shows that for cath-
odes, a compound approach was taken for the conductive additive
for optimized power and energy balance. Here, nanosized carbon
black (CB) (labeled by dotted blue circles in Fig. 1 (a)) suitable for
spot conduction and typically used for higher energy densities was
combined with vapor grown carbon fibers (VGCF) (labeled by red
arrows in Fig. 1 (a)). These are good for connecting spot conduction
paths and therefore enable better conductive networks within the
electrode, which is especially required for higher C-rate applications
[11]. In (b), the surface of graphite after several electrochemical cy-
cles is shown, where the solid electrolyte interface (SEI) related sur-
face structure was found. Graphite platelets were found in all cases,
meaning natural or flakey graphite was used as the main anode ac-
tive component. This usually allows a dense packing structure during
calendering (pressing of the active material layer on the current col-
lector) of the anodes and therefore enables high energy densities.

Figure 2 shows the results of anode EDX measurement for the
example of SAM INR18650-35E. The active material mainly consists
of carbon, but Silicon (Si) based materials were also detected. This
composition was also found in other cells we investigated (Table 3).
Si usually is added to increase the capacity of the anode as its specific
capacity (4200 mA h g−1) is more than ten times higher than that
of graphite (372 mA h g−1). As Si is prone to considerable changes
in volume during lithiation (around 360 %) compared to graphite
(around 10 %), it causes increased structural disintegration of the
cell during cycling and has a negative impact on cycle life [12]. For
this reason, the content of Si is kept around only 1 %wt in all cells,
which reflects a tradeoff between increase in capacity and decrease
of cycle life. The trace of fluorine (F) and phosphorus (P) elements
most likely results from the residuals of electrolyte during the prepa-
ration of electrode samples.

The analytical results of EDX have been confirmed by XRF anal-
ysis (not shown here) and thus allows to define the electrochem-
ical system of the cells. Table 3 shows a summary of the analy-
sis. On the cathode, Lithium-Nickel-Cobalt-Manganese (NCM) 811
was adopted for LG and Lithium-Nickel-Cobalt-Aluminum (NCA) for
cells by PAN and SAM, respectively. On the anode, flakey type nat-
ural graphite was used for all cells, with selected ones containing
traces of Si. Present trend in the automotive sector, is to use artificial
graphite as it enables higher lifetime [13]. This may be the reason
for observing low cycle lifespan for the cells tested, however this

Fig. 1. SEM image of cathode (a) and anode (b) of SAM INR18650-35E

should not explain such an indeed short cycle life for some of the
cells. Based on the choice of active materials as well as the physical
properties of the analyzed electrodes, these cells indeed have been
optimized for high energy density applications.

3.2 Electrical benchmark
Figure 3 (a) shows results for the measured cell capacities while Fig. 3
(b) shows the one for ohmic resistances for all types of cells for the
applied current and temperatures.

In general, the net amount of discharged capacity is expected to
decrease at lower cell temperatures and to increase at higher cell
temperatures. The results show that the lowest dischargeable capac-
ity values are obtained at 10 °C; and that the highest dischargeable
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Fig. 2. EDX analysis of SAM INR18650-35E anode

Table 3. Material composition of the electrodes according to ante-
mortem analysis

Model Anode Cathode

INR18650-MJ1 Graphite + 1 %wt Si Li(Ni0.84Co0.11Mn0.05)O2

NCR18650-B Graphite Li(Ni0.88Co0.11Al0.01)O2

INR18650-35E Graphite + 1 %wt Si Li(Ni0.87Co0.11Al0.02)O2

INR21700-M50 Graphite + 1 %wt Si Li(Ni0.84Co0.10Mn0.06)O2

INR21700-48G Graphite + 1 %wt Si Li(Ni0.80Co0.15Al0.05)O2

INR21700-50E Graphite + 1 %wt Si Li(Ni0.80Co0.15Al0.05)O2

21700-50EL Graphite Li(Ni0.84Co0.10Mn0.06)O2

21700-52EM Graphite Li(Ni0.80Co0.15Al0.05)O2

capacity values are obtained at 45 °C, except for SON 21700-52EM,
where the highest dischargeable capacity values are obtained at 25
°C on all three samples tested for this condition. This means that
this battery is sensitive to both low and high temperatures and that
its optimized for an operation temperature of 25 °C, possibly with
additives in the electrolyte. In addition, this battery is the only one
that does not reach the rated capacity even for low C-rates. The
minimum capacity is 5 Ah and the nominal one is 5.2 Ah according
to the datasheet of the cell, while during testing a maximum of 4.9
Ah was reached. The reason for this is most likely the narrow voltage
operation window of 2.5 V to 4.2 V which was chosen for all cells
to keep results comparable, while this cell was the only one that
could work from 2 V to 4.25 V. Applying this extra voltage window,
the cell is likely to close this gap of 0.3 Ah between datasheet and
achieved values.

The results also show that the net amount of discharged capac-
ity decreases at higher C-rates and increases at lower C-rates, as
was expected. Some exceptions where the dischargeable capacity is
slightly higher at 0.5 C than at 1 C were found, but the difference is
lower than 0.1 %, and thus within the measurement uncertainty of
the test bench. The lowest dispersion of the capacity measurements
is observed for LG INR18650-MJ1, followed by SON 21700-50EL.

The pure ohmic resistance calculations illustrated in Fig. 3 (b) show
that resistance in general becomes lower for higher temperatures,
with the exception of SON 21700-50EL, which shows lower resis-
tance at 10 °C than at 25 °C. In general, the SON 21700-50EL shows
the lowest resistance at 10 °C of all cells tested, while that of LG
INR21700-M50 has the highest one at this temperature, showing
an increase of 400 % compared to the resistance values measured
at 45 °C. Thus, while providing competitive performance at higher
temperatures, the LG INR21700-M50 is not the best choice for low
temperature applications.

Fig. 3. Map of capacity (a) and resistance (b)

Among all the samples, SAM INR21700-50E exhibits the lowest
resistance dispersion due to temperature and C-rate, indicating that
this cell has the most stable resistive performance for the temper-
ature and C-rate operation range tested. SAM INR21700-48G, on
the other hand, exhibits the lowest minimum resistance value, but
also a dispersion of nearly 400 % among the different conditions
tested, suggesting that its resistive performance will be determined
by the operation conditions. Overall, among the tested batteries, the
SAM INR21700-50E can deliver a 3 % higher capacity at 45 °C than
the nominal value, and it has the lowest resistance dispersion. This
ranks the electric performance of SAM INR21700-50E above the rest
of the tested cells.

3.3 Thermal benchmark
From the data in Table 1 it is evident that all the cells have a similar
cell design trimmed for very high energy density. Focusing on the
21700-type cells, the results of the electrical benchmark in Fig. 3 a)
and b) also show that the capacities and inner resistances of these
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Fig. 4. Average HGR for all 21700 type cells at various C-rates and
temperature levels

cells only differ by a few per cent. Taken together, this can be an in-
dicator for a similar overall design concerning their power to energy
ratio and thus an overall similar heat generation behavior, which
can also be confirmed by the results of the isothermal calorimetry
(Fig. 4). However, especially in the measurements at lower temper-
atures and higher current rates, namely at 20 °C and 1.0 °C, con-
siderable differences in the measured heat generation rates were
observed as well. The HGR of the best performing cell, i.e. SAM
INR21700-50E is about 1.5 W on average while the SON 21700-
52EM type cell has an average HGR of about 2.4 W.

For more straightforward comparability of the thermal loss char-
acteristics of the chemistries and designs used, the quotient of the
thermal losses ζloss, defined as

ζloss = Q̇
Pel.

is plotted in Fig. 5 (a), in addition to the direct plot of the HGR. Q̇
is the heat flow in Watt (W) and Pel. is the electrical power in W.
The integral of the HGR over the entire discharge process is shown
in Fig. 5 (b) which makes it possible to estimate the cooling require-
ment during operation to keep the battery cells within a safe thermal
operating window, considering their thermal capacities.

In the application of the battery cells in an EV with a pack level
energy of about 40 kWh, a constant discharge at 0.5 C on average
roughly corresponds to a motorway trip. The heat amounts to 2 kJ
to 4 kJ per cell at a heat capacity of approximately 70 J/K, which is
derived from the calorimetric measurements, making it clear that an
effective cooling system is necessary to ensure the desired thermal
operating window permanently.

Because the SAM INR21700-50E type cell performed consistently
better than its competitors during the thermal tests, the calorimetric
tests result in an advantage for the SAM INR21700-50E.

3.4 Cyclic ageing
Figure 6 shows the number of equivalent full cycles calculated as
full cycles = Qdischarge/Cnominal for all cells at various charge- and dis-
charge settings (Table 2). The markers indicate the number of cycles
achieved before Cactual ≤ 0.8·Cinitial ; the values were inter- or extrap-
olated linearly over all data points to get the intersection. For details

Fig. 5. ζloss (a) and integral of HGR (b) for all 21700 type cells at
various C-rates and temperatures

on cycling results see [14], available on [7], where the capacity de-
velopment for each cell during cycle life testing is presented. No
indication of cycles means that such cells did not make it to the first
checkup test without failing at least one of the termination or safety
criteria. There is a huge variation in results even among cells coming
from the same manufacturers, e.g., SAM provided both the weakest
and the best cells tested. This is likely to mainly arise from the chal-
lenging demands of the automotive scenario that was applied to the
cells. For example, the SAM INR21700-48G cell has a recommended
charging current of 0.33 C, but like all the other cells it was tested
at least with a 0.5 C charging current and most of the times higher
at 1 C or even up to 1.48 C for the OEM1 profile. The same is true
for the discharge rate of the OEM2 profile, which exceeds 2 C and
therefore does not comply with the data sheet values of all the cells
tested. Consequently, the results provided must be seen in relation
to the harsh testing regime that was not suited to all types of cells
tested. In general, as expected, all cells performed best for lower
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Fig. 6. Comparison of cycle life with different operating windows for
all cell types

charging rates and lower DOD windows. The SAM INR21700-50E,
despite being a high energy cell with a recommended charging rate
of 0.5 C, provides high cycle life for high charging and discharging
rates of the OEM1 and OEM2 profile. For DOD 60 % 1C and DOD
80 % 0.5 C more than 200 equivalent full cycles are achieved which
is enough under such conditions for automotive purposes [15]. As
seen with all the other cells too, full cycles (DOD 100 %) with 1C
lead to degradation most quickly.

4. Summary and discussion
Table 1 showed that all the cells with the highest energy densities
available on the market originate from just two Asian countries and
four manufacturers. Energy densities are almost consistent among
manufacturers and cell sizes.

Ante-mortem material analysis (Table 3) showed, that the trend
is clearly towards Ni-rich systems (Ni-rich NCM and NCA) for the
cathode. This approach is beneficial in terms of cost and sourcing of
materials, as cobalt is costly, originating from fewer countries and is
known as being critically in terms of mining conditions [16]. Weak
conductivity in this high-energy material is reduced by adding both
CB and small amounts of VGCF (as it is much more expensive than
CB). On the anode side G is still the sole choice. For further im-
provement of the capacity small amounts of Si are added to five
of the eight cell types analyzed. Regarding the ‘classic’ 18650 and
the ‘new’ 21700 formats, no trend for the used materials was ob-
served. This is in line with the test results, where no superior format
is discernible.

In terms of the electrical benchmark, the 18650 type cells, in gen-
eral, show less total capacity and higher total resistance (Fig. 3) as
they consist of less material in total. When referring to the weight
of the cells, it appears that 18650 type cells exhibit less resistance
and less capacity than 21700 type cells, e.g. the SAM INR18650-35E
has 1109 m� · g and 64.7 mAh/g and the SAM INR21700-50E has
1579 m� · g and 69.1 mAh/g, for 1 C pulse and 1 C discharge both
at 25 °C. So, among the cells tested in this investigation, 18650 type
cells are better suited for applications requiring higher power, while
the 21700 type cells are better suited for higher energy applications.
This finding is supported by the observations in [17]. For some cells

the values show small dispersion for all test cases, while others show
wide variations both in temperature and in C-rate. As manufactur-
ers use comparable main active materials, this arises most likely from
other components like additives, separators and electrolytes. These
variations allow trimming the battery for specific operating points or
optimizing for some application modes.

The thermal tests, as expected, are correlated with the results of
the impedance measurement. SAM INR21700-50E has a low overall
impedance, and thus shows both low ζloss and low integral of HGR
(Fig. 5). It is to be expected that the results are also transferable to
18650 cells.

For aging, no clear picture can be drawn. As cells were tested out
of there operational window, some decayed very quickly while oth-
ers could withstand these harsh conditions (see Fig. 6). As stated
before, DOD 100 % with 1 C charge and discharge leads to the
quickest decay. It must be noted, that for cycle life and performance
evaluation, especially when considering the electrode design of the
single cells, anode overhang and overcapacity should be considered
as well [18]. Firstly, the physical overhang of the anode needs to
be considered for winding/stacking of electrodes, in case of 18650
and 21700 this is usually an additional 0.3 and 0.5 mm, respectively
with additional overhang coming from the winding process over the
mandrel. Secondly, over capacity of the anode needs to be con-
sidered when properly analyzing the effects of cycle life under fast
charging profiles. Typically, the negative to positive ratio (N/P) should
be 1.1 in terms of areal capacity. For fast charging protocols, a larger
N/P ratio of 1.2 to 1.25 can be beneficial. This has not been analyzed
for each cell within this study in detail, because it was considered as
an optimization factor for high energy vs. high power applications,
whereas this study aimed to be broader in scope. The OEM profiles
led to varying results. Five cells showed more than 600 cycles for the
OEM1 profile. Considering this profile includes only fast charging,
these numbers are acceptable. The OEM2 profile, which includes a
vast share of high-power driving, does lead to a cycle life of 500
cycles and much less. For high performance cycles like this one, the
higher values are still tolerable, while the lower ones would not be
enough for real application.

5. Conclusions
Three 18650 and five 21700 cylindrical high energy cell types avail-
able on the market at the beginning of 2018 were purchased and
tested in detail for their suitability for automotive applications. It is
evident, that the main source for LIB cells is Asia. The manufacturers
follow the strategy of driving down costs by reducing cobalt, apply-
ing Ni-rich cathodes. On the anode, G still is dominant, in five cases
doped with small amounts of Si. 18650 and 21700 cells were found
to vary in terms of suitable areas of application, the former are bet-
ter suited for power, the latter better suited for energy applications.
Despite this, no indications of 18650 compared to the new 21700
being the old or outdated form factor could be found. Both have
weak and good performers in terms of electrical and cycle life per-
formance and for the materials used, no indication of a drawback
was identified. For an automotive application, most of the cells are
only suited if no fast charging with high C-rates is applied. Cells with
lower energy density and higher C-rates, which were not tested in
this work, can be preferable if they offer better lifetime for such
harsh automotive criteria.
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