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Executive Summary
This deliverable D4.1 provides aid for system development by providing individual cell specifications and available cell data. Through the knowledge of the performance and operational conditions one can make intelligent estimates of the performance or the actual system. New data is
continuously been produced and will be provided for the project.
Present day lithium ion batteries have limitations, but significant improvements have recently
been achieved. The main challenges of lithium ion batteries are related to material deterioration,
operating temperatures, energy and power output, and lifetime.
Increased lifetime combined with a higher recycling rate of battery materials is essential for the
sustainable energy conversion industry. There are a number of options involving different chemical processes and battery types.
The chemistry used in this project is lithium iron phosphate, which has shown good thermal,
cycle and storage life performances.

Fig. 1 From individual cell into real applications. From left: rechargeable lithium-ion battery cell
with a frame, a cell module, and battery pack/system. The module and system include a BMS and
temperature control. The system also includes a liquid cooling/heating unit.
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Introduction

The number of battery powered and fuel cell applications is expected to increase rapidly in next
few years. Rechargeable batteries are extensively studied for their use as stationary power
sources, in electric vehicles (EVs), hybrid electric vehicles (HEVs), marine applications, and in
industrial vehicles. The energy capacity required for global electrification of vehicles is large and
one has to be reminded that in terms of car production, the energy required to make batteries
for 3000 electric cars is about 100 MWh. Consequently, for an annual production of a million
cars requires 100 lithium ion battery factories each with a capacity of 300 MWh.
Battery applications include mature technology related to nickel-metal hydride batteries (NiMH)
and lead acid batteries as well as the new lithium ion batteries. The manufacturing capacity of
the latter is expanding to meet the increasing demand. Many plants are already in place for
mass production of several lithium ion technologies. Production of lithium iron phosphate (LFP)
is rapidly growing and this type of battery will be a strong contender when it comes to choosing
a large battery meeting increased safety requirements. In early growth stage is also lithium titanate (LTO) that is used as anode material. In mass production stage are lithium cobalt oxide
(LCO), lithium nickel cobalt manganese oxide (NCM), and lithium nickel manganese aluminum
oxide (NCA).

Fig. 2 Some advantages of lithium iron phosphate
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Purpose and Scope of the Deliverable

The documents show the usable operational range of the European Batteries (EB) High Energy
(HE) cells. The high energy cells have been in production at EB since 2010. All cell performance data shown in this document have been measured at EB Varkaus factory or at Aalto University (i.e. former Helsinki University of Technology).
For high power (HP) cells only the specification is available at the moment. Cell specifications
are prepared in co-operation with WP1 in deliverable 1.2.
Due to the delay in HP cell development and tight schedule in other WPs the project has decided to investigate EIG HP cells (14 Ah or 7 Ah) for their use in calibration experiments for
WP5, see annex E. EB will provide HP cells based on the specifications shown in this document
with cell data.
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Comparison of different battery chemistries

Batteries are devices that convert stored chemical energy into electricity within a closed system.
Electrochemical conversion occurs at two electrodes, cathode (positive electrode) and anode
(negative electrode). The nature of the reaction is dependent on the chemistry of the electrodes.
Positive electrode is usually lithium metal oxide or metal phosphate and anode is usually carbon
based or rarely lithium titanate. The power of the battery is more determined directly by the surface area of the electrodes in contact with the electrode while the energy content is depends
more on mass and volume of the active material. In a rechargeable battery (secondary battery),
if the external load is replaced with power supply the direction of electrons (and lithium ions) are
+
reversed, and the battery is charged. Lithium ions (Li ) move from anode to cathode (in
discharging) and in reverce direction in charging. Electrons move in the external circuit into the
same direction as Li-ions. Anode (negative electrode) is usually graphite or rarely lithium
titanate. Cathode (positive electrode) is typically lithium metal oxide or metal phosphate.
Figure 3 shows the development potential of different batteries at 2008. At early growth stage
still include lithium titanate (LTO). Lithium iron phosphate (LFP), lithium nickel manganese cobalt oxide (NMC), lithium nickel manganese aluminum oxide (NCA) are in rapid growth stage at
the moment.

Fig. 3 Development potential of different batteries. In early growth stage are interesting lithium materials
like lithium titanate (LTO), lithium iron phosphate (LFP), lithium nickel manganese cobalt oxide (NMC),
lithium nickel manganese aluminum oxide (NCA). Source Monitor Consulting, 2008.
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Lead acid, nickel-metal hydride and lithium ion batteries are the most common rechargeable
batteries. Lead acid battery technology is well proven and is more than a century old. However
lead acid battery shows low gravimetric and volumetric energy density.
Nickel-metal hydride batteries (NiMH) provide reliable cyclability and are commonly used in
hybrid vehicles. Their downside is relatively low energy density and low cycle life and relatively
high self discharge rate up to 10% / month. They also consume rare earth metals which production may become a limiting factor in the future. That makes lithium ion systems an attractive
alternative. Figure 2 shows crudely volumetric and gravimetric energy densities of some common batteries.
Lithium ion cells provide a cell configuration that operates at over twice the potential of lead acid
or NiMH cells. The reactivity of lithium has been problematic and the low cycle life has been a
problem especially under high current densities. However, modern lithium based electrodes
provide much better power density and cycle life, and chemical stability and as a result lithium
ion cells are being considered for use in larger applications like vehicles.
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Fig. 4 Volumetric and gravimetric energy densities of common batteries.

D4 1_SuperLIB Deliverable_v03_5 4 2012i.docx

7/33

COMPARISON OF DIFFERENT BATTERY CHEMISTRIES
CONFIDENTAL

until public release by the SuperLIB project consortium

Discharge curve shapes of different battery chemistries
Discharge voltage-curves

Higher cell-voltage in lithium-ion increases the
energy density.

(LFP)

Low cell voltage in (1.2V) in NiMH requires many
cells to build up a high-voltage system,

In lead-acid, the voltage drops linearly, when the
cell is discharged. To keep the average power
constant, the current must be increased.
NiMH and lithium-ion (LFP) have nearly constant
voltage, which does not depend on state of charge.

Fig.
5 Discharge
curves for some common battery types.
Company
Presentation 15.3.2010

Battery electrodes provide electron conductivity outside, they store chemical energy, and generate electrical energy by releasing of stored energy.
All these functions should be completed isothermally, and with as little mechanical or chemical
strain as possible. New novel lithium cathode materials are continuously developed in universities and company research laboratories to improve battery performance, lifetime, thermal tolerance, power performance, energy density and charge rate, as well as to obtain desired size,
thickness, and flexibility.
Lithium cobalt oxide, LiCoO2 is the oldest type of lithium-ion batteries. It has been produced
since 1991 (Sony). Many other structures developed since which include LiCo1/3Ni1/3Mn1/3O2
(NCM), LiMn2O4 (LMO), LiNi0.8Co0.15Al0.05O2 (NCA), and LiFePO4 (LFP). Lithium cobalt oxide
cells benefit from well established powder and cell production processes. 100’s of millions cells
are produced annually. Cobalt based cathodes are easier to produce than LFP-based cells.
Currently there exist tens of manufacturers for different battery applications, variations, sizes
and shapes. The move from small cell sizes to large-format cells has caused new issues to cell
manufacturers. Novel materials like LFP have been introduced to increase the safety in largeformat cells.
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Table 1. Properties of different lithium ion cathode materials.

Cathode

Formula

Type

LCO

LiCoO2

NCM

LiCo1/3Ni1/3Mn1/3O2

NCA

LiNi0.8Co0.15Al0.05O2

LFP

LiFePO4

Energy

LMO

LiMn2O4

Energy/Power

Energy
density
Wh/kg

Energy
density
Wh/l

Relative
cycle life

V

Energy/Power

170-185 450-500

1

3,65

Energy

155-185 330-365

3

3,7

145-165 270-350

3

3,65

100-140 200-330

>4

3,2

90-120

1

3,8

Energy/Power

260-300

The temperature range of operation for special purpose batteries or vehicle applications is from
o
o
-40 C to above hundred degrees. In practice current lithium-ion batteries operate within -20 C
o
to 60 C. Development is going on in order to improve the low temperature and high temperature performance, and lifetime at higher temperatures.
Low temperature performance is limited by temperature dependencies of electrochemical reactions, transport properties and phase changes of the electrolyte. Good ionic transport properties
+
correspond to high conductivity, low viscosity, and sufficiently high diffusion coefficient of Li
while charging and discharging the battery.

2.1

Why LFP?

The most recent lithium-ion cathode material: discovered 1995 and development to commercial
products started in 1997. LiFePO4 (LFP) is considered the most promising lithium-ion technology for large-format batteries due its long cycle life and safety. The LFP material has passed
the pilot phase and powder production is ramping into mass production. During 2011 new LFP
production licences were distributed around the world making it easier for the manufacturer in
the long run. Safe materials supply is a key element in manufacturing business. The production
of high quality LFP-powder is difficult. The advantages of LiFePO4 (LFP) are summarized
shortly. LFP shows reasonable good cell voltage 3.2 V depending on the active materials. LFP
also shows extremely good safety features.
EB chose LFP chemistry due to safety reasons. The graphite anode was chosen because it is
proven material, has high energy capacity, and is a mass product.
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Fig. 6 Thermal stabilities of different lithium cathode materials. Lithium iron phosphate shows the
best thermal stability. Source: G. Nagasubramanian, C. Orendorff and D. Ingersoll, SANDIA National
Laboratories, Safety Related Material Issues for Batteries, New Industrial Chemistry and Engineering
Workshop on Materials For Large‐Scale Energy Storage, September 16‐17, 2010, Gaithersburg, MD.

LiFePO4 powder is non toxic, shows no thermal runaway, and is chemically stable. It shows
long cycle (>3000 cycles) and long calendar life (+5 years), and reasonably large energy density, 110-150 Wh/kg, 1/4 weight and 1/3 size of lead acid batteries. The self-discharge rate of
LFP battery is extremely small and it can be stored fully charged or partially charged, unlike a
lead acid battery. Figure 4 shows the typical flat discharge curve for LiFePO 4 chemistry. From
the figure one can see that the voltage remains almost stable and independent of discharge
over wide capacity % (SOC) range. Overcharging of the cell does not cause major problems
below 4.5 V.
Figure 7 shows discharge curves of 42 Ah capacity battery (source EB) based on LFP chemistry. Lithium iron-phosphate (LFP) cell has a very stable discharge voltage. The only drawback
of a stable voltage behavior, like in figure 7, is estimation of state of charge, SOC. Due to a
nearly constant voltage from 5% to 90% state of charge, estimation of SOC is usually based on
coulomb counting (integration of current).
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Voltage Curves at Different Discharge Rates at 22 ℃.
3,5
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(Ah)
C-rate
0.2
42,8
0.5
40,3
1.0
39,1
2.0
39,3
3.0
40,2

3,4
3,3

Voltage, V

3,2
3,1
3,0

Average
discharge
Max.
voltage (V) temp (℃)
3,20
25,0
3,15
27,0
3,10
32,2
3,02
38,5
2,96
44,8

2,9
2,8

0,2C (8,4A)
0,5C (21 A)
1C (42A)
2C (84 A)
3C (126 A)

2,7
2,6
2,5
0%

20 %

40 %

60 %
80 %
Discharge Capacity, %

100 %

Fig 7. Voltage curves at different discharge rates for 42 Ah capacity LFP battery cell. Measurements were
carried out at room temperature. Source: EB.

The safety of the LFP chemistry and EB45Ah cell is highlighted as follows. The figures show the
effect of 9.1 kg load drop. Also hard short – nail penetration is shown. It may cause minor smoking but no propagation. In the case of overheating LFP does not react prior pressure/electrolyte
release in a pouch cell which minimizes the thermal runaway that is more likely with energetic
cobalt based oxide materials. In the nail test 6 zinc plated iron nails were hit through the cell.
The cell remained stable overnight and no smoke was detected. Small temperature increase
was noticed but dissipated quickly after each nail.

Cell Abuse Tests
Abuse tests (UN approval)
European Batteries cell after 9,1 kg load drop onto the cell .
• NO thermal runaway
• NO short circuit
• NO leaks of electrolyte
• Normal cell voltage after the test

Some other passed tests:
• Thermal test (from -40 C to 75 C)
• Altitude simulation
•External short
• Overcharge

• Forced discharge

SEE THE VIDEO

Fig 8. Safety points of the LFP chemistry and EB45Ah cell.
Cell Electrochemistry Presentation 11.11.2011
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In another example of a misused cell is shown in figure 9. The cover bag was shredded badly
exposing the cell into open air and moisture. The chemical reactions at the surface dissipated
quickly. The cell remained stable under air for few days until it was studied and disposed.

Fig 9. Badly mistreated cell was stable under air.

2.2

Choice of cell materials and interaction with separator/electrolyte system

The choice of the cell materials and structure is looked at in this chapter. Specific electrode,
coating, or separator thicknesses and recipes of the EB45Ah production cell or prototype cell
cannot be disclosed.
The battery consists of cathode, separator, anode, electrolyte, and surrounding and insulating
pouch. The whole system must tolerate chemically, electrochemically and mechanically the
specified uses. These include different voltages, charging - discharging, temperatures, vibrations, altitudes, mechanical strain, corrosion etc.
Also all parts of the cell must be able to be produced or assembled industrially. Mechanical
properties of the copper foil and aluminium foil are crucial in coating, calendaring, slitting, shaping, drying, as well as in cell assembly. Same applies for the separator in the cell assembly; it
must work without tearing, wrinkling, or shrinking during automated process. All components
and chemicals must be available in large quantities. All materials that are in laboratory or pilot
stage production cannot be an option for a battery manufacturer.
After the cell are assembled and the electrolyte is in both chemical and electrochemical reactions start to play role. The both electrodes must be stable with the electrolyte solution during
storage at constant voltage and when current is passed. If the cell voltage increases too high
the organic components oxidizes forming gaseous products destroying the vacuum of the cell.
Generally below 4.5 V is safe limit for typical solvents like for organic carbonates.
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Figure 10 shows roughly the manufacturing steps and figure 11 one of the coating lines.

Fig 10. Manufacturing steps of LFP cells.

Fig 11. Overview of one of the electrode coating lines in European Batteries plant at Varkaus,
Finland. The annual capacity of the plant is 100 MWh.

The components of the cell and their role in the system are discussed briefly as follows. Accurate production electrode dimensions or recipes are not disclosed but the direction of the
change in each component from high energy cell to high power cell is explained. Figures 13a-b
shows typical materials used in a lithium ion battery. The main components of battery are:
Negative electrode (anode): graphite, LiC6.
Positive electrode (cathode): lithium iron phosphate, LiFePO4.
Electrolyte (liquid): organic carbonates mixed with lithium salt.
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Fig. 12 Prismatic cell.

a)

b)

Fig. 13a Typical materials used in a lithium ion battery (prismatic cell, i.e. pouch type cell). From
left: separator polymer film, aluminium foil, lithium cathode paste coated on aluminium foil, graphite paste coated on copper foil, cover bag material. At the front, LFP powder, at the back roll of
copper foil.
Fig. 13b Slurries and binders. Upper right, carbon slurry and lower left, lithium iron phosphate
slurry. Up left, shows typical binders PvDF powder and downright the styrene butadiene rubber
solution (SBR).

Cathode
Cathode is LPF coated aluminium. Aluminium foil has typical thicknesses of 15-30 µm. It is important that it is mechanically durable throughout the production. The thicknesses of the cathode electrode typically vary within 100-200 µm.
Relative change from HE cells: Aluminum foil thickness has minor importance in cell resistivity.
More important is to have the foil thicknes that is mechanically stong enough for processing
mentioned above. No change nessesary.
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By reducing the thickness and the coat weight of the LFP one consequently reduces the electrode resistivity. Compared to HE cells the electrode thickness of a HP cell is over 30-40 % less.
The particle size and shape vary from energy type cell to power type. Coating thickness/electrode will be thinner for HP cells.

Anode
Anode is carbon coated copper foil. Typical copper foil thicknesses used are 6-20 µm. Carbon
can be in different forms and shapes including, graphite, natural carbon or artificial carbon. It is
also important that the anode is mechanically durable throughout the production and its use.
The thicknesses of the anode electrode typically vary within 100-200 µm.
Relative change from HE cells: Copper foil thickness has minor importance in cell resistivity.
More important is to have copper foil thicknes that is mechanically stong enough for processing
mentioned above. No change nessesary.
Coating thickness has effect on the power performance of the cell. In high energy cell the coating weight and thickness is high. The cell can be charged with low or moderate rates. For example EB45Ah cells the recommended charging/discharge rate is max 3 C or 135 A. This can
also be done only occasionally not continuously. Thick electrodes are meant for longer use with
smaller current densities.
By reducing the thickness and the coating weight of the carbon one consequently reduce the
electrode resistivity thus allowing higher rates both in charging and discharging. The particle
size and shape vary from energy type cell to power type. Compared to HE cells the electrode
thickness of a HP cell is over 30-40 % less.

Separator
Typical separator materials are poly ethylene (PE), poly ethylene oxide (PEO), polypropylene
(PP) or multilayer combinations of these. Also different kinds of ceramic separators or polymer
separators coated with ceramic layers are studied intensively. Typical thickness varies within
15-25 µm. Important parameters to look at are porosity, tensile strength, and shrinkage % at
elevated temperatures. Also it is crucial that the separator is chemically stable and maintains
the pore size and insulation during battery use. The separator is highly important for the safe
operation of the battery. The pores of polymer separators will shrink or close in case of sudden
temperature increase thus protecting the electrodes just a little bit longer. The separator will
prevent shortage due to dendrites that forms during battery operation thus it must have no pinholes.
Relative change from HE cells: Separator contributes on the bulk resistivity and going into
thinner separator reduces the cell resistivity. That is a compromise between price, performance,
machanical and chemical durability.

Cover bag
The covering bag pouch consists of different polymer layers. Its purpose is to be the
mechanical, chemical, and electrical protection of the cell. The pouch consists of layers of
nylon, aluminum foil, polymer films, and adhesives.

D4 1_SuperLIB Deliverable_v03_5 4 2012i.docx

15/33

COMPARISON OF DIFFERENT BATTERY CHEMISTRIES
CONFIDENTAL

until public release by the SuperLIB project consortium

Relative change from HE cells: The cell dimensions change and that has influence on the pouch
dimensions mostly on the deepness of the forming parameters. The cold forming parametes
can ce adjusted to produce thinner cells suitable for HP application.

Electrolyte
Electrolyte provides the media for the movement of lithium ions between the electrodes. The
choice of the electrolyte is important and difficult because it has to be chemically and
electrochemically stable with both catode and anode.
The electrolyte has to be chemically inert within the reduction and oxidation potentials the cell is
during charging and discharging. Within the usable range (2.0 - 3.65V) of LFP battery the
electrolyte is stable. When going above 4.5 V the oxidation reactions of the electrolyte occures.
At the lower range (<1.5 V) electrolyte reduction reaction may occur and copper starts
dissolving.
In commercial industrial application typically 2-5 organic solvents are mixed with lithium salt.
Lithium salt composition is usually 0.5-2 mol/kg of solvent. Most common lithium salts include
lithium hexafluorophosphate, lithium tetrafluoroborate, and lithium bistrifluorosulfonylimide.
Organic solvets are usually different mixtures carbonates like ethylene carbonate (EC, C3H4O3),
ethylmethyl carbonate (EMC, C4H8O3), diethyl carbonate (DEC, C5H10O3), and dimethyl
carbonate (DMC, C3H6O3) . In addition small quantities of additives are used for specific function
like increased thermal tolerance, cold temperature durability, moisture capture, and protective
layer creation.
Relative change from HE cells: The composition of the electrolyte can be different between HE
and HP cells. The choise of an electrolyte depends hugely on the usage and on the chemistry of
the cell.
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Basic characterization of the EB HE cell

The data sheet of EB HE cell is shown in Annex A. It is also known as production 1.3 cell. The
cell specification used in WP1 is in most parts based on that. The specification sheet, also used
in WP1 is shown in Annex B.

3.1

Basic cycling data

EB energy cells have characteristic activation, which means that the capacity of the cell ino
creases in the first 50-200 cycles up to 45 Ah capacity at 25 C (0.2C rate is used). The activation effect is not shown in most lithium iron phosphate based lithium ion cells.
The initial cycle can easily yield a 37 Ah discharge capacity using 1C/1C charging. But the capacity will increase for the first 50-200 repeated cycles and then begin to decrease almost linearly (see figures 14 and 15).
EB typically uses smaller rates for determining the capacity (0.2C). The activation effect of EB’s
LFP cell can be seen below in figures 14 and 15. This activation effect is typical for the LFP type
used at EB.
Figure 14 shows cycling of a cell that is charged and discharged using 0,5C current rate around
o
th
+24 C. Every 30 discharge is done at 0,2C shown as peaks in the graph. 0.2C is used as a
reference measurement for cell capacity. The rest time after charging is 15 minutes and after
discharging is 5 minutes.
Constant Current Charge 0,5C
- cut off voltage 3,65 V
Constant Voltage Charge 3,65 V
- cut off current 0.03C
Rest 15 min
Constant Current Discharge 0,5C
- cut off voltage 2,5 V
Rest 5 min
th
Every 30 discharge:
Constant Current Discharge 0,2C (the capacity measurement)
- cut off voltage 2,5 V
Rest 5 min
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80 % capacity limit
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Fig. 14 Charging and discharging of an EB cell using 0,5C current rate around +24 Celsius. Every 30 th
discharge is done using 0,2C. These are shown as peaks in the graph. 0.2C is used as a reference measurement for cell capacity. The activation of the cell is seen clearly at the beginning. After activation the
capacity decreases almost linearly.

Figure 15 shows cycling of a cell that is charged at 0.5C and discharged using 1C current rate
o
th
at +22 C. Every 50 discharge is done at 0,2C shown as peaks in the graph. 0,2C is used as a
reference measurement for cell capacity. The rest time after charging is 15 minutes and after
discharging is 5 minutes.
Constant Current Charge 0,5C
- cut off voltage 3,65 V
Constant Voltage Charge 3,65 V
- cut off current 0.03C
Rest 15 min
Constant Current Discharge 1C
- cut off voltage 2,5 V
Rest 5 min
th
Every 50 discharge:
Constant Current Discharge 0,2C (the capacity measurement)
- cut off voltage 2,5 V
Rest 5 min
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Capacity EB
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Fig. 15 Charging 0.5C and discharging using 1C of an EB cell around +22oC. Every 50th discharge is done
using 0.2C. These are shown as peaks in the graph. 0.2C is used as a reference measurement for cell
capacity. The activation of the cell is seen clearly at the beginning. After activation the capacity decreases almost linearly. First 1C discharge yielded 38 Ah.

Figure 16 shows the difference between the first discharge when using 0.2C and when using 1C
o
at 22 C. In both cases the charging rate was the same.

50

42,1 Ah

Discharge capacity / Ah

40
38,25 Ah

30

20

10
First 0.2 C discharging at 22 oC
First 1 C discharging at 22 oC
0
0

50

100

150

200

250

300

Time / min
Fig. 16 Difference between first discharging using 0.2C or 1C at 22oC. In both cases the charging rate
was the same. In repeated charging the cell capacity increases according to figures 3 and 4.
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Notes on charging at cold temperatures

Charging at cold temperatures should be avoided due to the fact that the lithium diffusion and
intercalation in carbon anode are limited. It is not recommended the charging of the battery
o
when below 0 C. Only very small currents can be used without detrimental effects for the battery.
o

At -10 C the cell can be charged using 0.2C without significant capacity loss. In a module the
cells are stacked together and during charging heat is transferred between cells aiding the temperature rise and transport of lithium ions.
o

So, it is recommended that the system is heated at least above 0 C prior to charging and use
smaller rates at lower temperatures. For example 1C charging is recommended above room
temperature in order to meet the lifetime expectations.

3.3

C-rate performance

Tables 2 and 3 show respectively the C-rate performance of an EB HE cell after discharging
o
and charging. The cells were charged at 0.5C at room temperature (+23 C) before every diso
charge test, and discharged at 0.5C at room temperature (+23 C) before every charge test. The
voltage limits were 2.50 V (discharge cut off) and 3.65 V (charge, cut-off at 0.03C). The voltage
shown in the tables are average discharge voltages.
Table 2. C-rate performance of an EB HE cell in discharge
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Table 3. C-rate performance of an EB HE cell in charging

Fig. 17 Mean discharge voltage as a function of C-rate at different temperatures for an EB HE cell.
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Fig. 18 Voltage capacity curves during discharging at different temperatures

Fig. 19 Voltage capacity curves during charging at different temperatures
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Calendar life of an EB 45 Ah HE cell

The calendar life of a lithium ion battery is dependent on the temperature. An EB HE cell has
o
an upper temperature limit of 60 C for occasional use. Figures 20 and 21 show calendar life
o
measurements for an EB 45 Ah 1.3 production cell kept at 60 C for 35 weeks. This
measurement is ongoing. The cell was at 30 % SOC level in the heat chamber. Measured
capacitiy % changes and voltages are shown as a function of time. The capacity checks were
carried out at room temperature. In each capacity check measurement the cell was taken out
o
from the oven and was allowed to cool down to room temperature, circa 22 C. The cell
o
capacity was defined at 22 C using the following sequence:
Constant Current Charge 0,5C
- cut off voltage 3,65 V
Constant Voltage Charge 3,65 V
- cut off current 0.03C
Rest 15 min
Constant Current Discharge 0,2C (the capacity measurement)
- cut off voltage 2,5 V
Rest 5 min
Constant Current Charge 0,5C
- cut off voltage 3,65 V
Constant Voltage Charge 3,65 V
- cut off current 0.03C
Rest 15 min
Constant Current Discharge 0,5C
- 84 min (70% discharge)

Calendar life at +60 C
115,0

Capacity, %

110,0
105,0
100,0
95,0
90,0

Tuotanto 1.3

85,0
80,0
0

5

10

15

20

25

30

35

40

Week
Fig. 20 Calendar life measurement for the EB 45 Ah 1.3 production cell at 60oC. Measured capacity %
changes as a function of time. The cell was kept at 30% SOC level in the oven.
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Fig. 21 Calendar life measurement for the EB 45 Ah 1.3 production cell at 60oC. Measured voltages as a
function of time. The voltage is the dicharging mean voltage.
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Cell resistivity

Figure 22 shows typical impedance data as a function of temperature for EB45Ah cell.
The plot shows the definitions of R(Ohmic) and R(Electrode). At low temperature the
resistance of the solid electrodes increases hugely. This fact is realised especially in
cold temperature charging.
R(Ohmic):
Re(Z) mOhm:
-20 oC: 1,30 mOhm
0 oC: 1,06 mOhm
+20 oC: 0,93 mOhm
+40 oC: 0,85 mOhm
+60 oC: 0,76 mOhm
R(Electrode):
Re(Z) / mOhm:
-20 oC: 147 mOhm
0 oC: 15,9 mOhm
+20 oC: 2,3 mOhm
+40 oC: 0,35 mOhm
+60 oC: 0,05 mOhm

Fig. 22 Cell resistivity as a function of temperature at 30 % SOC level for EB45 Ah cell.
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EB energy cell specifications
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Annex B

Specifications for HE cells (fall 2011).

Cell type (product code, cell chemistry)
Nominal discharge voltage (V) at C/5
Nominal capacity (Ah) at C/5
Energy density (Wh/kg)
Internal impedance (DCIR)
Max allowed cell temperature during cycling
Min allowed cell temperature during cycling*
Cycle life**
Storage life**

Width
Height
Thickness
Weight

Recommended discharge C-rate/current (A)
Discharge cut-off voltage (V)
Recommended charge C-rate/current (A)
Charge cut-off voltage (V)
Depth of discharge/charge

Max. continuous discharge C-rate/current (A)
Discharge cut-off voltage
Max. continuous charge C-rate/current (A)
Charge cut-off voltage
Depth of discharge/charge

EB Energy cell (current product)

Power cell (Koe 11.05.12)

EB45E LFP
3.2V
45 Ah
145 Wh/kg
< 2 mOhm
60˚C (recommended below 45 ˚C)
-20˚C (recommended above 0 ˚C)
> 3000 cycles
5 years

EB40P LFP
3.2V
40 Ah
130 Wh/kg
< 1 mOhm
60˚C (recommended below 45 ˚C)
-25˚C (recommended above 0 ˚C)
> 3000 cycles
5 years

165 mm
275 mm
13 mm
990 g

165 mm
275 mm
13 mm
940-980 g

Max. 1C / 42 A
2.5 V
Max. 0.5C / 21 A
3.65 V
100 %

Max. 3C / 120A
2.0V
Max. 1C / 40 A
3.65 V
100 %

3C / 146 A
2.5 V
1C / 42 A
3.65 V
90 %

6C / 240A
2.0V
2C / 80 A
3.65 V
90 %

Max discharge peak pulse C-rate/current (A) at 10 s4C / 168 A
Max discharge peak pulse C-rate/current (A) at 30 s4C / 168 A
Max charge peak pulse C-rate/current (A) at 10 s
Max charge peak pulse C-rate/current (A) at 30 s
Discharge cut-off voltage (V)

2C / 84 A
2C / 84 A
2.5 V

15C / 600 A
10C / 400A
3C / 120 A
3C / 120 A
2.0 V

*On request low temperature performance can be improved, this will however have effect on high temperature performance
** Storing and using cells in elevated temperatures will have negative effect on the life time

The prototype cell, Koe 11.05.12 was made in the EB Varkaus factory to be tested in the
project. It shows more power capabilities but still is a HE type cell. The active surface was increased with over 10% compared production 1.3 cell. 100 1.3 Production cells and 90 prototype cells were delivered for testing at VUB.
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Specifications for HE cells.

HE Cell physical characteristics

unit

Width
Height
Thickness
Weight

mm
mm
mm
g

165
275
13
990

Internal impedance (DCIR)
Operating temperatures
min
max

mW

<2

°C
°C

-20
45

HE Cell performance

unit

Specific Energy
Rate Capacity
Rate Capability
Specific discharge power
Specific charge power
Max discharge power (peak power)
max peak duration
Max charge power (regen power)
max peak duration
Self discharge
in % SOC / 3 months
Calendar non-reversible capacity loss (/ month)
Lifetime
cycle life
storage life
Voltage
Voltage Levels
nominal disch voltage
max voltage
min voltage
Current
continuous
Imax , discharge
Imax, charge
peak
Imax, 10s, discharge
Imax, 30s, discharge
Imax, 10s, charge
Imax, 30s, charge

Comment

at charging: 0°C
60°C in peak

Comment

Wh/kg
Ah
Ah

W/kg
W/kg
W
s
W
s

145*
45*
45*
140*
150*
576
10
288
10

within V limits
at 0.2C @ 25°C
at C/10, C/5, C @ 25°C
at 1C, 50% SOC and 25°C
at 1C, 50% SOC and 25°C

%
%

<1*
0,2

Measured during 12 month period

cycles
y

>3000
5

V
V
V

3.2
3.65
2.5

A
A

135
45

A (rate)
A (rate)
A (rate)
A (rate)

180 (4C)
180 (4C)
90 (2C)
90 (2C)

at C/5

* measured

This datasheet was prepared in co-operation with WP1 earlier.
o

o

One change: charging recommendation changed from -10 C into 0 C.
o

The cell can tolerate only up to 0.2C charging at -10 C without losing capacity.
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Specifications for HP cells.

HP Cell physical characteristics

unit

Width
Height
Thickness
Weight

mm
mm
mm
g

165
275
7.5 **
500 **

Internal impedance (DCIR)
Operating temperatures
min
max

mW

<1.5

°C
°C

-20
45

HP Cell performance

unit

Specific Energy
Rate Capacity
Rate Capability
Specific discharge power
Specific charge power
Max discharge power (peak power)
max peak duration
Max charge power (regen power)
max peak duration
Self discharge
in % SOC / 3 months
Calendar non-reversible capacity loss (/ month)
Lifetime
cycle life
storage life
Voltage
Voltage Levels
nominal disch voltage
max voltage
min voltage
Current
continuous
Imax , discharge
Imax, charge
peak
Imax, 10s, discharge
Imax, 30s, discharge
Imax, 10s, charge
Imax, 30s, charge

Comment

at charging: 0°C
60°C in peak

Comment

Wh/kg
Ah
Ah

W/kg
W/kg
W
s
W
s

130**
20**
20**
160**
150**
2160**
10
432**
10

%
%

<3
0,2

cycles
y

>3000
5

V
V
V

3.2
3.65
2.0

A
A

270**
90

A (rate)
A (rate)
A (rate)
A (rate)

675 (15C)**
450 (10C)**
135 (3C)**
135 (3C)**

within V limits
at 1C @ 25°C
at C/10, C/5, C @ 25°C
at 1C, 50% SOC and 25°C
at 1C, 50% SOC and 25°C

at C/5

** estimated performance or value

This datasheet was prepared in co-operation with WP1 earlier.
o

o

One change: charging recommendation changed from -10 C into 0 C.
o

The cell can tolerate only up to 0.2C charging at -10 C without losing capacity.
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Datasheet of EIG 14 Ah HP cell

Due to the delay of HP cell development at EB and tight schedule the project has decided to
consider EIG high power cells (14 Ah or 7 Ah) for their use in calibration experiments for WP5.
EB will provide HP cells based on the specifications shown in this document with cell data.
These are based on LFP chemistry.
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Datasheet of EIG 7 Ah HP cell
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Nature

R = Report, P = Prototype, D = Demonstrator, O = Other
Dissemination level


PU = Public



PP = Restricted to other programme participants (including the Commission Services)



RE = Restricted to a group specified by the consortium (including the Commission Services)



CO = Confidential, only for members of the consortium (including the Commission Services)



Restreint UE = Classified with the classification level "Restreint UE" according to Commission
Decision 2001/844 and amendments



Confidentiel UE = Classified with the mention of the classification level "Confidentiel UE" according to Commission Decision 2001/844 and amendments



Secret UE = Classified with the mention of the classification level "Secret UE" according to Commission Decision 2001/844 and amendments
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