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Energy flow

Energy
Energy generation

Energy storage

Energy sources of global final energy consumption in 2008

More than 75% of energy 

generation from fossil fuel

Store less than a few % of 

energy generated

http://www.energyland.emsd.gov.hk/en/energy/renewable/
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Energy storage technologies

http://climatetechwiki.org/technology/jiqweb-ee
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Energy storage – current status (US 2013)

Grid storage accounts for 2.3% of total electricity production capacity in US

Grid energy storage report, Dec 2013 (Department of Energy, USA)

Requirements for 

energy storage:

• Low cost

• Good reversibility

• Low maintenance 

• High energy 

density

battery
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Pumped hydro

• Excellent way to store energy 

during off-peak and use during 

peak

• Can provide high power of a 

few MW to GW

• Efficiency ~70-80%

• Simple

• Need a large water source

Guangzhou Pumped Storage Power Station (CLP) 

– available power of 2,400MW 

https://www.clpgroup.com/ website 

http://www.energybc.ca/profiles/largehydro.html

Andreas Oberhofer, Global Energy Network Institute, “Energy Storage 

Technologies & Their Role in Renewable Integration”, Jul 2012.

https://www.clpgroup.com/
http://www.energybc.ca/profiles/largehydro/pumpeddiagram.html
http://www.energybc.ca/profiles/largehydro/pumpeddiagram.html
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http://www.ngk.co.jp/english/product

s/power/nas/principle/index.html

Fire in 2011

Temporary suspension of all Na-S batteries production

Safety concerns not completely overcome

• Cell voltage: ~2V

• Energy density up to 240 Wh/kg

• Prototypes of a few MW

• 10-15 year lifespan

• Efficiency : 89-92%

• Operating temperature 300-350ºC

Na-S battery – molten Na/S

Energy storage with batteries

Developed by NGK company, Japan
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Commercialized in 1991 by Sony, revolutionize portable electronics

• Forefront in battery technologies

• Gives the highest energy density among different battery chemistries

http://www.mpoweruk.com/chemistri
es.htm

Energy storage with batteries – lithium-ion batteries

Energy 

density
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Effect of battery energy density

Decrease in size of electronics

Increase in size of battery

1991

Li-ion

200 Wh/L

2013

Li-ion

600-700 Wh/L

<1990

Ni-Cd

50-150Wh/L

Most famous application of lithium-ion batteries
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Inside a lithium-ion battery
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What Li-ion chemistry offers

 High energy density: 200Wh/kg

 Good reliability

 Low maintenance

Pb-acid battery ~100 USD/kWh

LIB (small cells) > 300 USD/kWh

LIB (large format) > 500 USD/kWh

Main drawback: cost

Cost structure of a common Li-ion 

battery (for 2.2Ah cell; based on 

numbers from Brodd, 15th International 

Meeting on Lithium Batteries (IMLB), 

Montreal, Canada, 2010)
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Challenges for Li-ion batteries – large format

Each 18650 cell is about 3.7V with a capacity of 2.9Ah

 Energy ~10Wh/cell

Large applications that need higher voltage and higher energy

 Multiple cells in series and parallel

 Additional complexity and control

Four 3.7V cells in series14.8V; 44Wh

http://www.teslamotors.com/roadster/specs

http://en.wikipedia.org/wiki/Tesla_Roadster

Electric vehicle

With 375V motor and 53kWh battery

One hundred 3.7V cells in series

>6500 cells in battery pack

Battery weighs 450kg

http://www.teslamotors.com/roadster/specs


12School of Energy and Environment, City University of Hong Kong

Challenges for Li-ion batteries – large format

e.g. Building PV and battery systems

350kW photovoltaic installation 

on Electrical and Mechanical 

Services Department 

Headquarters, Hong Kong

http://re.emsd.gov.hk/english/solar/solar_ph/solar_ph_ep.html

Storing energy for half a day  350kW x 12 h = 4200 kWh

Requires 420,000 Li-ion batteries (LIB) cylindrical cells

 21 tons of LIB

 7000 L of space (~2m x 2m x 2m)

 USD 2.1 million
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Energy Power

Cost

Life

Safety

Tradeoff between different aspects 

depending on applicationsDirections of battery research

Currently 

~200Wh/kg

Can go 10-20A but 

lower energy 

Pb-acid battery ~100 USD/kWh

LIB (small cells) ~ 300 USD/kWh

LIB (large format) ~ 500 USD/kWh

~300 cycles for cell phone

8-10 years for EV

Explosion, fire

Boeing 787

EV fires, etc.
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Room temperature Na-ion batteries?

• Higher abundance of Na than Li

• Can use Al current collector instead of the more expensive Cu

• Lower reaction potential than Li by 0.3V

Development of cathode and 

anodes for Na-ion batteries

Premkumar Senguttuvan, Gwenaelle Rousse, Vincent 

Seznec, Jean-Marie Tarascon, and M.Rosa Palacín*

Chem. Mater., 2011, 23 (18), pp 4109-4111

Yu et al. Nature Communications 

(2013) DOI: 10.1038/ncomms3922.

Sb2S3/GO as anode for NIB

~750 mAh/g 
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Recent research areas – Na-ion battery materials

Yu et al. Nature Communications 

(2013) DOI: 10.1038/ncomms3922.

Sb2S3/GO
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Future perspectives

• Renewable energy sources key to sustainable development

• Energy storage necessary to overcome supply fluctuation

• Li-ion battery is one candidate for large-scale storage 

system, but cost is the main bottleneck

• Increasing battery material and cycle lifetime is important for 

sustainability 

• On-going development on new battery chemistries and 

systems 


