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ZEM – a technology focused company with long 
experience from li-ion battery systems  

Advanced 
battery life models 

 

Verification with  
lab & real life usage 

 

 15 years 
 experience 
with electric 
 vehicles 

 

Automotive and Maritime Sector Activities 

ZEM Analytics 

Consultancy services 
Performed a number of automotive and  

maritime focused battery projects 

Guidelines and courses  
Established maritime battery system  

guidelines and battery courses together  
with DNV-GL 

A number of R&D projects 
Focusing on life & safety of li-ion batteries  

 



Some numbers for EV’s in Norway 

 35.000 battery powered EV’s on the road 

 EV sales in 2014 is expected to reach 15.000 cars 

 The best selling EV’s are Nissan Leaf, Tesla Model S, 

BMW i3 and VW e-Up and e-Golf 

 12 – 15% of all cars sold in Norway in 2014 will be battery 

powered EV’s 

 The record for the best selling car in one month was set by 

Tesla Model S in March this year. The previous record was 

from 1998 and was held by a Ford Sierra.  



Can Lithium Ion Batteries Sustain the Power and Energy 

needs of Demanding Applications? 

  

• Electric vehicles 

 

• Heavy duty 

applications; busses, 

trucks 

 

• Maritime; battery 

powered ferries, 

hybrid offshore 

supply vessels 

 

24 m hybrid 

Van Hool bus 

Battery 

powered car 

ferry, 120 

cars and 350 

passengers 

The question: 



Main stress factors causing cell degradation 

Cell before 

testing 

Cell after 

5000 cycles 



Calendar life degradation is very 
temperature dependant 

2014-

03-18 

ZEM tests; 17.5 Ah NMC pouch cells 

© ZEM AS 

Calendar testing of a NMC pouch cell, ©ZEM 



The higher the SOC for a given temperature, 
the higher calendar degradation will be 
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ZEM tests; 17.5 Ah NMC pouch cell 

© ZEM AS 

Calendar testing of a NMC pouch cell, ©ZEM 



Cycle life is also very temperature dependant 

1C charge / 1C discharge, 2.7 – 3.1 V, of a NMC pouch cell, ©ZEM 

© ZEM AS 



At constant temperature – higher C-rates will cause more degradation. 
Full cycles is significantly worse than somewhat reduced cycles 

Cycling at different C-rates, 2.7 – 3.1 V, of a NMC pouch cell, ©ZEM 

© ZEM AS 



Battery simulation models are useful tools for optimizing a battery 
system with respect to cell type, cooling system and battery size  

 ZEM works with several empirical and semi-empirical models which 
are based on lab and real life testing of various cell types over 
thousands of cycles and multiple years 

 Cell thermal and electric characteristics are coupled with cell aging 
models based on measured stress factors as well as pack 
configuration, cooling,  thermal behavior, dispersion and BMS 
effects 

 Interactive loops are simulated to asses detailed cell and pack 
conditions over multiple years 

 

Cell Electric & Thermal 
Model (C, V, SOC, I, T) 

Cell Aging Model 
(∆ Cell Capacity / R) 

Load Profile  Simulation 
Model (kW) 

Pack Thermal & 
Dispersion Model  



Battery and driving data collected from a fleet of 
vehicles operated by the Norwegian Post 

20 Ford Transit Connect Electric was equipped with a GPRS/GPS 

data loggers 



Simulations show 11% degradation after 5 years and 
close to 120.000 km 

The simulations in this section 

have been based on the New 

European Drive Cycle (NEDC). 

 

The chart to the right uses the 

model to predict the ageing of 

a 24 kWh pack with High 

Energy Pouch cells in a vehicle 

with characteristics similar to a 

Nissan Leaf driving the NEDC 

cycle 6 times per day (64 

km/day, 23.500 km/year) at 

20⁰C ambient temperature. 

 



Simulations can be done for different cars with different 
vehicle properties  

Based on weight, aerodynamics 

and other factors specific to each 

vehicle, the power and energy 

needed to fulfil the NEDC cycle 

can be calculated. 

 

 

Based on the battery type and 

size for each vehicle, the change 

in State of Charge (SOC) for 

each vehicle and the given drive 

cycle is calculated. 



The next step is to perform the analyses with the 
actual battery type an size 

Note that the battery parameters used here are not the actual parameters 

from these cars. This analysis is the equivalent of putting different battery 

types in each car, but in a similar quantity (kWh’s) as the car is designed for. 



The ambient temperature and cell type has a great 
influence on the battery life  

The graph shows the influence of ambient temperature for a car with Nissan 

Leaf properties and using batteries with 3 different cells chemistries and types. 



Can Lithium Ion Batteries Sustain the Power and 
Energy needs of Maritime Applications? 
 

 Modern EV batteries are safe, robust and experience very few problems 

during their lives. 

 A well designed battery system using an appropriate battery chemistry and 

high quality cells should be able to last at least 15 years in an EV in areas 

with moderate average ambient temperatures (<20⁰C).  

 In areas with high ambient temperatures(> 30⁰C) the life will be significantly 

shorter. Active cooling while driving and charging helps, but still there will be 

significant calendar effects when the car is parked and not plugged in. 

 It will be beneficial for the battery life (especially in hot climates) to stop 

charging at about 80% SOC on a regular basis (when the full range is not 

needed before the next trip).  
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