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But compare with: octane 13 000 Wh/kg, hydrogen gas 39 400 Wh/kg
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Rechargeable battery technologies



”Lithium-ion” is a family of batteries

Positive electrodes:

• LiCoO2 the original

• LiMn2O4 cheaper, ”greener”

• LiNi0.8Co0.15Al0.05O2 higher capacity, lifetime issues

• Li[NiCoMn]1/3O2 safer, high capacity, low tap density

• LiFePO4 non-exotic metal, lower potential (~ 3.4 V)

Negative electrodes:

• Carbon materials the standard Li-ion material

• Li metal safety and cyclability issues

• Li4Ti5O12 higher potential (~1.5 V), excellent lifetime

• Li4.4Si extremely high spec. capacity (~4000 mAh/kg)

Electrolytes:

• Liquid electrolytes – salt and solvent

• Gel electrolytes – salt, solvent and polymer

• Ionic liquids (salts in molten state at room temperature)



What can we expect of batteries in the 
near and intermediate future?

The energy density will only be marginally 
improved

However, batteries will:

• Be safer

• Be cheaper

• Be made up of larger cells

• Have better and more uniform quality

• Have longer lifetime

• Have improved control systems



How far can we get in specific energy?

The lithium-air battery – two 

utopia in one!

Cell reaction: 2Li + O2 → Li2O2

Combination of:

• Light materials

• Large potential difference 

between electrode reactions

Cs,th = nF/M ≈ 1200 Ah/kg 

Er,cell ≈ 3,5 V

Ws,th = Cs,th · Er,cell ≈ 4000 Wh/kg



Structural batteries

Weight reduction is key to realise electric vehicles

• Both batteries and load carrying structures are heavy

• Decrease in weight will increase range

• Reduce cost

Replace single use components with a multifunctional 

component to reduce total weight

Develop structural battery concepts
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Carbon fiber reinforced composite more common as construction 

material

Carbon fibers function as a multifunctional electrode for structural 

lithium-ion batteries?

Structural battery concept



Carbon Fibres – do they have potential 
for multifunctionality?

Material comparison for minimum weight 

designs
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2015 Toyota Mirai Fuel Cell Sedan

http://commons.wikimedia.org/wiki/File:Toyota_mirai_trimmed.jpg

Range:

About 650 km

FC Stack:

Power: 114 kW

Power density: 

3.1 kW/L

Battery:

1.6 kWh Nickel-

metal hydride

Hydrogen tank:

Energy density: 

5.7 wt%



Global fuel cell shipments by application

4th Energy Wave, Fuel Cell Annual Review, 2015  
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5. THE 2014 FUEL CELL SECTOR IN NUMBERS 

For the past 7 years, 4th Energy Wave’s Principal Analyst has been providing a yearly analytical review of 

the fuel cell sector. This is the only continuous analysis that exists based on primary data. 

5.1 SHIPMENTS AND MWS 

In 2014 the fuel cell industry shipped 104,900 fuel cell systems. This number (which does not include any 

units ordered but not shipped, nor any backlog)  contributes to a 49% compound annual growth rate 

(CAGR) for the period 2009 to 2014. In line with the previous 5 years, in absolute terms the largest growth 

in shipments in 2014 took place in the stationary sector, dominated by continued developments in Japan. 

Both the transport and portable sectors posted growth, but at a much lower rate than the short term 

forecast.  

CHART 5.1: GLOBAL FUEL CELL SHIPMENTS, BROKEN OUT BY SYSTEM AND SECTOR, 2009 – 

2015 (F) 

 

Source: 4th Energy Wave, 2015 

Interestingly if, as we forecast, the transport and portable sectors are close to the tipping point between 

niche and mainstream applications, then the rate of growth in both of these sectors will outstrip that of 

stationary in the short term.  

Chart 5.1 vividly demonstrates how far the industry has come in a relatively short period of time. In the 5  

year period 2009 to 2014, shipments have increased by some 90,000 units annually and are facing a 51% 

jump between 2014 and 2015.  

If we look at MWs shipped, 2014 was pegged at 221.8 MWs, an increase of 40 MWs over 2013. When 

taking into account the growth in the large stationary fuel cell market, it is not surprising that stationary 

fuel cells accounted for an impressive 81% of the total shipped.  

 



Finding the right applications for 
batteries and fuel cells

Fuel Cell (or ICE)

Battery

Volume or

weight of 

system

Energy / kWh
Electricity     Renewable fuel


