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iPhone 8s | Li battery | 3.8W | 6.52Wh  



POWER  ENERGY 

27mW  

100MW 

329mWh  

129MWh  

× 4×109 × 4×108 

iPhone | Li battery | 3.8W | 6.52Wh  

iPencil battery | 27mW | 329mWh  

TESLA S  | 580kW (peak) | 100kWh  

780bhp | 540kg | 500 km range  

TESLA South Australia | 100MW (peak) | 129MWh  





www.visualcapitalist.com/china-leading-charge-lithium-ion-megafactories/ 
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OIL RESERVES 

SUSTAINABILITY 
carbon emissions 

AFFORDABILITY 
energy costs 

RELIABILITY 
security of supply 


 


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SALAR DE UYUNI | BOLIVIA 

50% to 70% of the world's lithium reserves 

Li RESERVES 
CANADA 
RESERVES: 180,000 

USA 
RESERVES: 38,000 
RESOURCES: 2.5M 

PORTUGAL 

BOLIVIA 
RESOURCES: 9M 

CHILE 
RESERVES: 7.5M 

RESOURCES: 7.5M 

BRAZIL 
RESERVES: 38,000 
RESOURCES: 2.5M 

 

ZIMBABWE 
RESERVES: 23,000 

CHINA 
RESERVES: 540,000 

RESOURCES: 2.5M 

AUSTRALIA 
RESERVES: 580,000 

ARGENTINA 
RESERVES: 0.8M 
RESOURCES: 2.5M 

 

 SUSTAINABILITY 
carbon emissions 

AFFORDABILITY 
energy costs 

RELIABILITY 
security of supply 


? 


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 











www.forbes.com/sites/michaeltaylor/2017/07/05/most-of-what-youve-read-on-volvos-electric-car-strategy-is-badly-misleading/ 



129MWh : 100MW : 620 PowerPack 2 
1 hectare 
AUS$60M 

1,100MW × 24h = 24,000MWh 

26,400MWh/129MWh = 205 

2.05km2 | AUS$12B 



Biomass 

Coal 

Gas/ Oil 

Geothermal Nuclear 

Hydroelectric Solar 

Wind Marine 

Can we use the Global Commons to store energy? 



Dinorwig, N Wales 

1.8GW (peak) | 9.1GWh  

Pumped hydroelectric storage 



SUN 

WATER 

AIR Compressed/liquid air storage 
(pressure energised air) 

Hydroelectric storage 
(gravitationally energised water) 

Hot water heat storage 
(heat energised water) 

m g Dh 

p DV 

m Cp DT 

220Wh/kg 

60Wh/kg 

1.4Wh/kg 

www.energycommons.global 

110Wh/kg 

30Wh/kg 

1.2Wh/kg 



SUN 

WATER 

AIR 
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2H2O  2H2 + O2 

… but storing & distributing hydrogen is challenging 

N2 + 3H2  2NH3 4NH3 + 3O2    6H2O + 2N2  

4CH4
 + 8O2    8H2O + 4CO2  

DH =   -5,180Wh/kg NH3 

DH =  -12,777Wh/kg  CH4 

DH =        -220Wh/kg  (Li+  battery) 

Electricity storage 

… potential challenges with earth abundance of materials 

( NH3 = chemically energised water) 



SUN 

WATER 

AIR 

Hydroelectric storage 
(gravitationally energised water) 

Hot water heat storage 
(heat energised water) 

30Wh/kg 

1.2Wh/kg 

www.energycommons.global 

4NH3 + 3O2    6H2O + 2N2  

DH =   -5,180Wh/kg NH3 

( NH3 = chemically energised water) 



35GWh/year 

510,000m2 $5B 



TEESSIDE TERAFACTORY 

600,000t NH3/year 

1 Mtoe = 4.4TWh 

 0.38 × 0.6 × 4.4 TWh/year   

 1.00 TWh/year   

 30 Gigafactories 

33,600m2 $900M 

 170 Gigafactories (cost) | 450 Gigafactories (area) 



Fritz Haber Carl Bosch 

Artificial NH3 synthesis 
The Haber-Bosch process 

1909 | 1910 

Without ammonia, there would be no 
inorganic fertilizers, and nearly half 
the world would go hungry. Of all the 
century's technological marvels, the 
Haber-Bosch process has made the 
most difference to our survival. 

• 170 million tonnes / year 
• 1% world’s energy use 
• 2% global CO2 emissions 
• 40% nitrogen in our bodies 

source:  www.potashcorp.com/industry_overview/2011/nutrients/41/ 

PHYSICAL PROPERTIES  

• 17.6wt% hydrogen 
• liquid @ 8bar (298K) 
• storage same as butane/propane 
• heat of combustion: 6.3kWh/kg 

              c.f. (petrol) 13.1kWh/kg 



Fritz Haber Carl Bosch 

Artificial NH3 synthesis 
The Haber-Bosch process 

1909 | 1910 

Without ammonia, there would be no 
inorganic fertilizers, and nearly half 
the world would go hungry. Of all the 
century's technological marvels, the 
Haber-Bosch process has made the 
most difference to our survival. 

• 170 million tonnes / year 
• 1% world’s energy use 
• 2% global CO2 emissions 
• 40% nitrogen in our bodies 

PHYSICAL PROPERTIES  

• 17.6wt% hydrogen 
• liquid @ 8bar (298K) 
• storage same as butane/propane 
• heat of combustion: 6.3kWh/kg 

              c.f. (petrol) 13.1kWh/kg 

source:  bpstatisticalreview 



0.17  1:6 

www.wind-power-program.com/intermittency.htm 

0.4  2:5 

Solar irradiance 



South Australia (TESLA) 

130MWh  650 × Powerpack 2 
100MW peak power 

Footprint   1.0 hectare 
Cost  US$50M 

1Mtoe = 4.4TWh (1TWh  1,000,000MWh) 

10 day oil storage:   200×(10/365)Mt  

UK 10 days (TESLA) 

200 × 4.4×106 × (10/365)  MWh  
24 million MWh  120 million × Powerpack 2 

Footprint   1850km2  

(London (M25) ~ 2800km2) 
Cost  US$9T 

10 day oil storage: = 5.4 × 106 tonnes 

10 day oil storage: = 7.2 × 106 m3 

10 day oil storage: = 60 oil storage tanks 

120,000m3 

10 day oil storage:  60 ha = 0.6km2 



South Australia (TESLA) 

130MWh  650 × Powerpack 2 
100MW peak power 

Footprint   1.0 hectare 
Cost  US$50M 

1Mtoe = 4.4TWh (1TWh  1,000,000MWh) 

UK 10 days (TESLA) 

200 × 4.4×106 × (10/365)  MWh  
24 million MWh  120 million × Powerpack 2 

Footprint   1850km2  

(London (M25) ~ 2800km2) 
Cost  US$9T 

120,000m3 
10 day NH3 storage:   200×(10/365)Mtoe  

10 day oil storage: = 5.4 Mtoe 

10 day oil storage: = 5.4 × (44.8/22.5) × 106 tonnes 

10 day oil storage: = 150 storage tanks 

10 day oil storage: = 18 × 106 m3 

10 day oil storage: = 11 × 106  tonnes 

10 day oil storage:  150 ha = 1.5km2 

Cost  US$7B 



DEMOCRATISING ENERGY 







SUN 

WATER 

AIR 

Hydroelectric storage 
(gravitationally energised water) 

Hot water heat storage 
(heat energised water) 

30Wh/kg 

1.2Wh/kg 

www.energycommons.global 

4NH3 + 3O2    6H2O + 2N2  

DH =   -5,180Wh/kg NH3 

( NH3 = chemically energised water) 

110Wh/kg 

DH =        -220Wh/kg  (Li+  battery) 

Electricity storage 

… potential challenges with earth abundance of materials 


