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Presentation Outline 

• Battery vs Supercapacitors 

• General applications 

• Grid-scale applications (lower hanging fruits) 

• CSIR RD&I strategy 

• Value-addition to local raw materials 

 
 



Battery (Energy) vs. Supercapacitor (Power) 

World champion in the 10,000 metres World champion in the 100 metres 

Usain Bolt Haile Gebrselassie 

- Described as ‘batteries on steroid’ 

- Burst of energy when needed 

Long distance = Energy 

Source: Wikipedia images 

Supercapacitors Batteries 

Speed = Power  



Automotive 

Residential/Commercial/Utility/Power 

Portable Electronics 
Industrial Equipment 

Source: Wikipedia images 

Battery Packs 

Supercapacitor  

Pack 

Different shapes and sizes  

for several applications 



Grid-scale applications 

• Price arbitrage 

• Peak-shaving 

• Frequency regulation 

• Island and off-grid storage 

• T&D upgrade deferral 

• Voltage-control 

Separator  

Cathode material 

Anode material 

Current collector  

Current collector  



World Ranking Critical mineral resources in 

SA for energy storage 

1 Manganese 

1 Vanadium 

1 Titanium 

1 Chromium 

2 Ruthenium 

2 Zirconium 

2&3 Fluorspar / Fluorite 

Motivation for our R&D 



Motivation cont’d:  

 

But…where is Africa 

Geographical distribution of lithium-ion battery 

patents based on publications (1970 – 2010) 



 “The development opportunity of smart(er) grids and storage 

solutions – which can help in integrating variable renewable 

technologies – should also be considered…” (IRP, p.21). 

 

 “…an expanded renewable energy programme; an effective mix 

of energy efficiency...; investments in an efficient public 

transport system” (NDP, p.180) 

 

 “South Africa has a systemic shortage of skills and capacity. 

The transition to low-carbon economy depends on the country’s 

ability to improve skills in the workforce” (NDP, p.181).  

Motivation Cont’d 



RD&I Strategy 

Solving critical global problems 

“Quadruple Combination Processes (QCP)” 

*  Doping (with cations and/or anions)  

 Structural stabilisation 

*  Nano-sizing: 

 Enhanced mass transport 

* Surface-coating:  

 Structural stabilisation, 

* Microwave irradiation:  

 Enhanced electrochemstry 

 

 

 

 

 

 

 



Typical manganese-based cathode materials 

Spinel materials (Thackeray et al.) 

LiM
x
Mn

2-x
O

4
 (M = cations) 

 LiMn
1.5

Ni
0.5

O
4
 (LMNO) 

 LiMn
2
O

4
 (LMO) 

LiAl
0.3

Mn
1.7

O
4
 (LMOA) 

Layered materials (Thackeray et al.) 
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Olivine materials 
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Sodium-ion cathode materials 
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Patent applications in some of them 

CSIR Energy Storage RD&I Focus 
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Challenges: 

Capacity fading with time..@ high temperatures 

- Disproportionation reaction 

- Jahn-Teller effect 
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LMO-ma (3.541+)

LMO-a (3.165+)

LMO-comm (3.400+)

LMO-am (3.498+)

Battery Testing 



High-voltage LiMn
1.5
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0.5

O
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Challenges: 

- Difficulty to obtain pure materials 

- Controlling the Mn
3+

 content 

- Marching / appropriate electrolytes  



Patent (PCT) 

application and 

scale-up 

production in 

progress 
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Challenges 

• Low initial Coulombic efficiency 

• Rate capability 

• Voltage decay (cycle stability) 

Thackeray et al, 1991 

Li-and Mn-rich layered 

oxide materials 



RSA patent application in progress 

Some new findings on Mn-based 

materials 



VALUE-ADDITION  

 

Converting local raw electrolytic manganese 

dioxide (EMD) to useful precursor materials for:  

 

• Lithium-ion batteries 

• Sodium-ion batteries 

• Supercapacitors 

• Electrocatalysts for 

 metal-air batteries 

 fuel cells 

Raw EMD 

Impossible to use as 
cathode materials 
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Raw EMD 

LMO LMO 

LMO LMO 

Impossible to use as is! 

Note: The materials were crushed during lithiation, a problem??? 

MnO2 nanowires  Pure Mn3O4  

Scalable production of LMO from 

raw EMD 
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MnO MnO 

F F 

(b) (a) 

CSIR Invention Disclosure /RSA patent application in progress 

Raw EMD 
Impossible to use as is! 

Scalable production of 

fluorinated sodium-ion battery 

cathode materials from raw EMD 



CSIR Energy Storage RD&I 

Laboratory 



Source: Wikipedia images 

CSIR RD&I Impact Pathway on 

Energy Storage 

Products: LMO, LMNO, NMC, Mn-based Supercaps 

Cells/Packs 

Cathode materials 

(Powder > 1 kg) Reactor 
Tech demo 

Battery Packs 
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Typical all-solid-state flexible 

supercapacitor 

1.67 V LED 

~ 120
o
 bendable 

CSIR Invention Disclosure /RSA patent application in progress 
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