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Electrical Energy Storage... why?
Every day usage (advanced)
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Off-grid (mobile)










Electrical Energy gtorage... how?

Clasification

Electrical Energy Storage systems

Electrical Mechanical

Electrochemical Thermal




Electrical Energy Storage... how?

Clasification: Electrical

Double-layer capacitor

Superconducting Magnetic
Energy storage




Electrical Energy Storage... how?
Electrical

Double-layer capacitors (1957)
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http://www.murata.com/~/media/webrenewal/products/capacitor/edlc/techguide/principle/principle img0002.ashx?la=en&h=270&w=660



Electrical

Double-layer capacitors

http://p.globalsources.com/IMAGES/PDT/B1127750751/Electric-Double-Layer-Capacitors.jpg
http://lerablog.org/wp-content/uploads/2013/04/supercapacitor.jpg
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Electrical

Magnetic Resonance Imaging

http://s.hswstatic.com/gif/mri-illustration.jpg
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Electrical

Superconducting Magnetic Energy storage (1969)

e a‘y;m modo mm” Invertor mod
. er on n 0
A ARG curmond) | Porsistont curront |
| Eloctric ' by tho eMoctof | Eloctric
""""" 1 PeS powor PCS 1 suporconductivity [ PCS powor
1
HESHS :
{ )
88T ‘
Suporoondwtlf'\g coll High magnetic fieks PCS: power conddioning system

(ACDC convorter)

http://www.meiji.ac.jp/cip/english/frontline/nomura/images/pct_figure 01.gif



Electrical

Superconducting Magnetic Energy storage

http://physics.oregonstate.edu/~demareed/3 13 Wiki/lib/exe/fetch.php?w=&h=&cache=cache&media=img_fea huge 08.jpg



Electrical Energy gtorage... how?

Clasification: Electrochemical

Electrochemical

Lead Acid battery

Nickel Cadmium battery
Nickel Metal Hydride battery

Lithium lon battery

Sodium Sulphur battery

Sodium-nickel Chloride battery

Flow battery



Electrochemical

Lead Acid battery (1890)
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http://www.itacanet.org/a-guide-to-lead-acid-battries/part-1-how-lead-acid-batteries-work/
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Electrochemical
Lead acid battery
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https://prezi.com/0tk5df9xvxfp/the-life-of-a-lead-acid-battery/
http://www.elec-intro.com/cms/plus/view.php?aid=13838
http://www.c-battery.com/photo/pl8430776-1000ah_2 v gel deep cycle batteries telecommunication ups lead acid battery.jpg
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Electrochemical

Nickel Cadmium battery (1915)
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https://cactusbush.files.wordpress.com/2014/11/nc-bat4.jpg
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Electrochemical

Nickel Metal Hydride battery (1995)
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Electrochemical
Nickel Metal Hydride battery
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Electrical Energy Storage... how?
Electrochemical

Lithium lon battery (2000)
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Electrical Energy Storage... how?
Electrochemical

Lithium lon battery

http://media.trechugger.com/assets/images/2011/10/explodelaptop.jpg
http://thechronicleherald.ca/sites/default/files/imagecache/ch_article main_image/articles/B971439497.120130207200625000GV8292PC.11.jpg



ectrical Energy Storage... how:
Electrochemical

Lithium lon battery

https://infolyst.files.wordpress.com/2014/03/lithium-ion-battery.jpg
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http://beckettenergy.com/wp-content/uploads/BeckettEnergyBattery Jull4.jpg



Electrochemical

Sodium Sulphur battery (1960)
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Electrical Energy Storage... how?

Electrochemical
Sodium Sulphur battery

http://www.ladailypost.com/sites/g/files/g616891/f/styles/media_gallery large/public/ DSC7454%20cropped%20F.jpg?itok=YOW _{Zwp
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%?20Prefecture%20 0.jpg?itok=2T47sM6H
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Electrochemical

Sodium-nickel Chloride battery (1995)
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Electrical Energy Storage... how?

Electrochemical
Sodium-nickel Chloride battery

http://www.flamm.com/media/177673/110rw80.jpg
http://www.pv-magazine.com/fileadmin/PVI_website pictures/SoNick battery FIAMM S.p.A.jpg
http://events.r20.constantcontact.com/register/event?oeidk=a07e86449uyd158ee83 &llr=>5kjlyfdab



Electrochemical

Redox flow battery (1970)
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https://www.masterresource.org/site/uploads/2010/03/clip_image003.gif



Electrochemical

Hybrid flow battery (1970)
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http://www.mdpi.com/molecules/molecules-20-19711/article deploy/html/images/molecules-20-19711-g003-1024.png



Electrochemical
Flow battery

http://energystoragereport.info/wp/wp-content/uploads/2014/06/Sumitomo-vanadium-redox-flow-batteries.jpg
https://www.betterworldsolutions.eu/wp-content/uploads/2015/02/Yokohama-Works-%E2%80%93-using-the-worlds-largest-vanadium-redox-

flow-battery.jpg



Electrical Energy Storage... how?

Clasification: Chemical

Hydrogen

Synthetic natural gas




Electrical Energy Storage... how?
Chemical

Hydrogen
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Electrical Energy Storage... how?

Chemical

Hydrogen

http://www.energytrendsinsider.com/wp-content/uploads/2014/04/IMG_3143-1024x768.jpg?00ctb7
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Chemical

Synthetic Natural Gas

http://blog.caranddriver.com/wp-content/uploads/2013/06/AT130154 medium.jpg



Electrical Energy Storage... how?

Clasification: Thermal

Latent Heat Storage

Thermochemical Energy
Storage




Thermal

Latent Heat storage
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http://www.esolar.com/wp-content/uploads/2013/10/esolar How-it-Works-Molten-Salt-Plant_infographic 5-1024x548.png



Thermal

Latent Heat storage
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http://www.areva.com/news/liblocal/docs/CP_pro/2014/20140505-Sandia_Project%20Profile.pdf
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Thermal

Thermochemical Energy Storage (1960)
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Thermal

Thermochemical Energy Storage

https://upload.wikimedia.org/wikipedia/commons/3/3a/RTG radiation measurement.jpg



Electrical Energy Storage... how?

Clasification: Mechanical

Pumped Hydroelectric
Storage

Compressed Air Energy
Storae

Flywheel Energy Storage



Mechanical

Pumped Hydroelectric storage (1890)
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Mechanical

Pumped Hydroelectric storage
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Mechanical

Compressed Air Energy storage (1978)
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Mechanical

Compressed A|r Energy storage
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Mechanical

Flywheel Energy Storage (1970)
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Mechanical

https://upload.wikimedia.org/wikipedia/commons/2/2f/G2_front2.jpg
http://energy.gov/sites/prod/files/styles/borealis_article hero_respondlarge/public/flywheel400x300.jpg?itok=khSpzj4S
http://www.nrstor.com/wp-content/uploads/2014/04/Minto-Flywheel-Project.jpg
http://www.extremetech.com/wp-content/uploads/2011/08/911GT3RHybrid-5.jpg
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