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Disruptive technology



Energy storage determines human civilization

• Save the unstable/vulnerable energy and use it whenever we want
• Primitive society: limited storage/usage

• Feudal society: use agriculture to store/use

• Industrial society: fossil energy and mass development

• Decarbonized society: renewable + storage

• Space age: laser energy storage, antimatter storage technology, etc.

• It’s about cultural continuity and inheritance



Renewable energy needs storage

• Affected by solar and earth movement
• Abundant, compared with limited oil & gas

• Wind energy: 253GW, until 2012 reached 282GW, close to saturation

• Solar energy: 800,000GW, 40-min solar = world annual energy consumption, installation 
now ~100GW, huge potential

• Low energy density, meaning large space

• Low-carbon or zero emissions

• Widespread, would enable distributed usage

• Intermittency and fluctuation

• Apart from water, high cost compared with fossil energy



Energy storage challenges 

• Transportation  28% 
• Foreign oil  domestic electricity

• Reduce energy use and carbon emissions

• Power generation  39%
• Coal  Gas Wind/Solar

• Greater reliability/flexibility

• Lower cost by deferring infrastructure 

• Bottleneck is high-performance/low cost storage 

Location

Time 



Major energy storage methods



Major energy storage methods



Batteries for the future

• Assuming 5 standards to select batteries:
• Energy/power density

• Cycle and calendar life

• Safety

• Cost

• Simple technology/manufacturing



Different battery applications

• Electricity quality and 
reliability are important
• Coal, water, nuclear vs. solar 

and wind

• UPS (uninterrupted power 
supply)

• Electricity transfer
• Demand charge

• Smoothing

• Energy management
• Reduce electricity bills



Battery technology comparison



Battery cost comparison



Current trend of battery types

• LFP to replace some lead-acid market

• LTO and NMC/NCA are emerging

• Later: Li metal batteries including LiS, NaS etc. 



Why lithium stands out now?

• How to store electrons?
• e- + M+

M

• e- + M+ + Host MHost

M atomic weight M max voltage M cost ($/kg)

Pb2+/4+ (207)
Zn2+ (65)
Al3+ (27)
Mg2+ (25)
Na+ (23)
Li+ (7)
H+ (1)

Li+ (<4.5V)
Na+ (<4.2V)
Mg2+ (<~3.8V)
Al3+ (<~3.1V)
Zn2+ (<~2.2V)
Pb2+/4+ (<2.1V)
H+ (<~1.5V)

Li+ (40)
Na+ (1)
Mg2+ (2)
Al3+ (2)
Zn2+ (2)
Pb2+/4+ (2)
H+ (nearly free)

The cost of Li in Li-ion 
battery is only <3%

Reference: Yi Cui, Stanford



Future for lithium-ion battery cells

Now Transportation Grid 

Specific energy 
(Wh/kg)

~200 600 XXX

Cost ($/kWh) 250 100 100

Safety Important Important Important

Calendar life 5-10 15 20

My personal prediction of li-ion battery technology trend
• 2015-2030, climbing to the max

• Li-ion energy density increases at 5%/yr
• Decrease cost 8%/yr

• After 2025, solid state battery introduction with change of price
• Until 2030, concurrent paths including LiS, NaS, Zn/Mg etc.



What we can do?

Founded in May 2006 and based in Hefei, Anhui Province, China

6 Wholly-owned subsidiaries and 7 manufacturing bases in China, to reach 30 GWh by 2020.

6 R&D Institutes in Hefei, Shanghai, Silicon Valley, Cleveland, Tsukuba and Europe

Hefei Guoxuan High-tech Power Energy Co.



In transportation
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In electricity energy storage 



To be continued…

• In the past ~200 years, the slowest development in storage
• We cannot store energy just as we hold the water in portable bottles

• Saving night energy and power the world!



Thank you!

• Welcome to join our upcoming event!

• 2017 US-China New Energy Economy Forum
Clean Energy: Open, Creativity, Transition 

• November 16-18, Thursday to Saturday

• Santa Clara, CA


