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World leading independent consultancy and 
testing facility in power source technologies

• In May 2009 Intertek Semko AB acquired the entire business 
assets of Sagentia Catella AB

• Over 50 years track record in evaluating power sources –
applications ranging from hybrid vehicle to cellular phone and 
medical devices

• Our expertise covers batteries, fuel cells and super capacitors 

• Industry-leading test lab facilities; unique scope and breadth of 
testing capability

• We assess more than 20,000 batteries each year, covering 
all chemistries and sizes

• Global experience of working with battery manufacturers, 
retailers and application experts, including

• Independent battery testing 

• Assessment and selection of best fit solutions for OEM 
devices 

• Reliability, safety and failure analysis 
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Test lab capabilities

• Batteries – Fuel Cells - Supercapacitors

• Accredited test laboratory. 

• Our laboratory and procedures have been 
assessed to ISO 17025 - General Requirements 
for Competence of Testing and Calibration 
Laboratories

• 1700+ test positions for battery performance testing

• Current range: a few µA  to 1000 A

• Safety testing chambers 

• Test benches for fuel cell performance testing

• Temperature/humidity environmental chambers

• Full range of safety testing through Intertek’s global 
network of laboratories

• Access to instrumentation at leading research 
institutions
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Market share
Overview of battery market

Lead acid has the largest market share by cell technology whilst lithium is growing at >10% p.a.

Sources: Freedonia 2006 & 2007; Avicenne 2007; Frost & Sullivan 2006; 
Handbook of Batteries; Intertek estimates
Notes: *SLI = Starting, lighting & ignition (lead-acid)

Li ion/pol

Lead acid

NiMH
NiCd

• Lead acid dominates due to its hold on the 
SLI, UPS and fork lift truck markets

• Portable NiCd sales are in slow decline and 
are likely to disappear due to Cd content of 
the cells and competition from Li ion and 
NiMH. Industrial NiCd (stationary 
applications) is maintaining a relatively 
small but stable market share

• Portable NiMH is in decline but total sales 
of NiMH has started to grow again with 
HEV use

• Lithium battery sales are growing >10% 
p.a. due to its growing hold on the 
consumer market
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Historical sales volumes
Overview of battery market

Source: C. Pillot, Avicenne Développment, Batteries 2009.
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Rechargeable technologies
Overview of battery market

Characteristics for portable applications (mainly Li ion & NiMH), hybrid electrical vehicles (today 
NiMH) and electrical vehicles (Li ion)

C/3 – 2C20C – 60CC/3 – 2CDischarge rate 5

5 000 4300 000 3300Cycle life

ºC

years

%

Ah

Wh

V

operational -30 to +52

survival -46 to +66

operational -30 to +52

survival -46 to +66

discharge -20 to +60

charge 0 to +60
Temp. window

15153Service  life

905 - 30100Used SOC

30 - 1004 - 10< 3Cell capacity

16 000 – 40 0001 000 – 2 0002 - 80Battery size

> 300200 - 3003.3 – 14.8Voltage

EVHEV 2Portable 1

1 Mainly mobile phones & portable PC

2 HEV type Toyota Prius

3 HEV-cycles (shallow cycles at intemediate state of charge)

4 EV cycles (deep discharge)

5 C = rated capacity (Ah), C/3  for a 3 Ah battery equals a discharge rate of 1 A
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Li ion field failures

• Thermal runaway characteristics for Li ion cells

• Not all cells with an internal short goes into thermal 
runaway

• Internal short circuits originating from manufacturing can 
occur in all types of Li ion cells 

• It is not likely that the source of internal shorts can be 
completely eliminated in production 

• A large number of variables influence thermal runaway

• Size, nature and location of short (particle)

• Cell size and design

• Nature of active materials

• Thickness and conductivity of electrodes

• Thermal properties of all components in the cell

• The power associated with the internal short

• State of charge, age and history of the cell

Battery technology
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Development trends Li ion

• Lithium ion batteries are still relatively new from a battery industry perspective with only 10 years on the commercial 
market on a larger scale

• Potential for significant technical improvement and price reduction  

• The potential very large markets for HEV, PHEV and EV are the main driver for the development of the Li ion 
technology (large format batteries)

• Form factors in mobile consumer electronics are driving the trend towards thinner battery constructions. 

• ”Green” Li ion batteries are starting to emerge 

• Today’s lithium ion batteries use graphite anodes. Lithium cobalt oxide is the most common cathode material followed 
by lithium manganese dioxide and iron phosphate

• Lithium iron phosphate is the dominating emerging technology for large format batteries (not consumer products due 
to low energy density). Other cathode material being developed include other phosphate chemistries as well as mixed 
metal oxides. 

• The development trends is largely oriented towards finding alternative electrode and electrolyte materials to meet the 
requirements for improved energy and power density, cost and safety

Battery technology
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Development trends Li ion

• Substitutes for present day graphite anodes are sought primarily among surface treated or doped carbon materials, 
metal oxides, such as titanium oxide, and amorphous alloys based on tin and silicon

• Electrolyte development is aimed at: 

• improving conductivity 

• reducing flammability, 

• increasing thermal stability,

• improved chemical and electrochemical stability in contact with the electrode materials

• more environmentally friendly substances

• Due to the strong commercial position of Li-ion batteries on the market, there are a lot of concurring and competing 
research and development programmes on Li-based rechargeable battery technologies. As a result, the patent
situation is tricky since the handling time for a patent application currently is 3-5 years before the final ruling. This 
creates an uncertainty around the patent rights and may lay the grounds for future patent disputes. 

• There is a large variation cell and battery design within the ongoing development of automotive Li ion batteries. 
Standardized components have not emerged on the market – unmet need and a must for cost reductions.

Battery technology
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Development trends NiMH

• The NiMH battery is a relatively new battery technology, which was generally spread in the beginning of the 1990’s for 
portable consumer electronics 

• The NiMH battery is generally considered to be a mature technology today with relative low potential for further 
improvements in performance 

• NiMH batteries have entered the automotive market with the introduction of HEVs and the developers/manufacturers 
are showing interest in the industrial stationary markets and rail markets

• Recent advances in the NiMH technology include increased power capability, performance at low temperature, charge 
efficiency and bipolar battery designs

• NiMH batteries with bipolar design are primarily driven by the needs of electrical and hybrid electrical vehicles, power 
tools and industrial stationary applications. Examples of developers of bipolar NiMH batteries are:

• Nilar Inc. 

• Kawasaki Heavy Industries Ltd. (Gigacell bipolar battery).

Battery technology
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Cost

•Automotive batteries

•Current cost, forecasted cost and cost target for automotive batteries 1

Battery technology

20
-2227USD/kWHEV NiMH

-23-USD/kWHEV Li ion

USD/kWh

USD/kWh

USD/kWh

USD/kWh

Unit

200-300350-500706> 1000PHEV Li ion

100-150500-> 1 000EV Li ion

7551 100-HEV Li ion
-

500600750HEV NiMH

Target202020152008Technology

• The battery cost for a Li ion portable PC battery was 600 USD/kWh in 2008 (4-8 Li ion cells of size 18650)

1 Source: C. Pillot, Avicenne Développment, Batteries 2009.
Ted J. Miller, Ford, Batteries 2009 
M. Anderman AABC 2009
David Anderson, Status and Trends in the HEV/PHEV/EV Battery Industry, 2008
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Cost

•Automotive batteries

•Battery pack supply chain cost breakdown

Battery technology

Source: David Anderson, Rocky Mountain Institute, ”Status and Trends in the HEV/PHEV/EV battery Industry”, Summer 2008
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HEV

• NiMH is the dominating technology for HEV

• NiMH and Li ion fullfill the performance requirements for HEVs. NiMH is the proved 
and dominating technology today but Li ion has superior performance compared to 
NiMH and other technologies and have a greater potential for low cost than NiMH

• Safety and reliability concerns are delaying introduction of Li ion and cost is an issue 

• The power/energy ratio for a HEV battery is > 20/1 (power battery)

• A HEV battery is operated at intermediate SOC and only uses a small part of the 
available energy in the battery (about 5 %)

• Micro-hybrids with lead-acid batteries of type VRLA is growing in Europe. Advanced 
flooded lead-acid and supercaps (as support to lead-acid) are in early entry. Key 
performance advantage for lead-acid is its cold crank ability and low cost. 

• Attractiveness of micro-hybrids, however, is not universally agreed. Micro-hybrids are 
likely to become an intermediate product in order to meet environmental and emission 
requirements in Europe and the US.

• Supercaps may have a role to play in start/stop regenerative braking application for 
heavy vehicles (bus, truck, construction)

Applications
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PHEV

• Higher energy density is needed for PHEV

• Plug-in hybrids target a much greater range on electric drive than do standard HEV 
models. As a result there remains a strong unmet need for higher energy density for 
PHEV batteries.

• A much larger battery pack is needed for PHEV and the cost of the pack needs to 
reduce by at least 50% from current levels 

• The power/energy ratio for a PHEV battery is about 5/1 to 15/1 (energy battery)

• A PHEV will use a large part of the available energy in the battery (> 70 %). Safety 
and life concerns is increased due to higher SOC.

• 15 year life and the impact of combined shallow and deep discharge cycles are 
unproven and are anticipated to be difficult. Also, extended time at high state of 
charge may reduce lifetime.

• PHEV is likely only to be ‘economical’ for passenger cars and other light urban 
vehicles, and not for buses or large trucks

• US DoE continues to fund PHEV research whereas HEV issues are considered to be 
resolved in favor of lithium

• Fuel cells are seen as immature and lacking a fuel infrastructure.

Applications


