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0Larcher0and0Tarascon,0Nature'Chem.,02014,00DOI:010.1038/NCHEM.208500

Energy$Use$to$Be$Doubled$by$2050$
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20150Key0world0energy0staKsKcs,0InternaKonal0energy0agency0



61%$of$Total$Energy$Wasted$$$



60h"p://www.nature.com/news/flaringOwastesO3O5OofOworldOsOnaturalOgasO1.191410

'Flaring'$wastes$3.5%$of$world's$natural$gas$
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Topaz0Solar0Farm,090million0solar0panels0that0cover0the0impressive09.50square0miles0in0

San0Luis0Obispo0County,0California.0500+0MW0for0160,0000homes0
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h"p://learnfiberopKc.com/wpOcontent/

uploads/2013/11/windOenergy.jpg0



90



100

h"p://www.toptenz.net/wpOcontent/uploads/

2014/07/blackout9.png0
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h"p://www.pdenergy.com/gridOservices.php0

The$Concept$of$Load$Leveling$



120h"p://www.solarquotes.com.au/blog/focusOsolarOmicrogridsOfossilOfuelOwavers/00

It$is$also$about$strategic$security$
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Smart$grid$in$ciSes$$$

Rows'of'ba2ery'racks'at'the'
Salem0Smart0Power0Center0in'Salem,'Oregon'



Strategies$to$Store$Energy$for$Electricity$$$
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Independently0invented0by0a0German00

Ewald0Georg0von0Kleist0on0110October0

17450and00

by0a0Dutch0scienKst0Pieter0van0

Musschenbroek00

of0Leiden0(Leyden)0in01745–17460

A0ba"ery0of0four0waterOfilled0Leyden0jars,0

Museum0Boerhaave,0Leiden0



170h"p://mulanaOjaringan.blogspot.com/2010/03/8OkasusOkebohonganOsains.html0
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Electrochemical$Capacitors0

During$Charge$

V$
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Miller,0Science'321,06510(2008)0

High$Power,$Low$Energy$Density0
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Indirect$Storage$$

•  PotenKal0energy00

•  KineKc0energy00

•  Thermal0energy0

•  Chemical0energy00

Electric$energy$$ Electric$energy$$
Other$formats$of$$

energy$$
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h"p://www.see.murdoch.edu.au/resources/

info/Res/hydro/0
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h"p://www.ehiyo.com/frozenOniagaraOfallsO2sh1q0
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Seneca$Pumped$Hydro$GeneraSng$StaSon$in$northwest$Pennsylvania$

h"p://www.ucsusa.org/cleanOenergy/howOenergyOstorageOworks#bfOtocO20
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h"p://www.pge.com/en/about/environment/

pge/cleanenergy/caes/index.page0
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h"ps://www.youtube.com/watch?v=RcgtWjtk8Dc00
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Flywheel$Energy$Storage$0

Boeing$0

h"p://www.uaf.edu/files/acep/BoeingFlywheelOverview_06_20_2012.pdf0



280Stephentown,0New0York0

200MW0
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h"p://science.kqed.org/quest/video/largestOsolarOplantOinOtheOworldOgoesO

throughOlastOtestObeforeOopening/0

Ivanpah$Solar$Electric$GeneraSng$System$
(ISEGS)$in$California’s$Mojave$Desert$

3920MW0powering0140,0000homes0



Dunn'et'al.'Science'334,09280(2011)0
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PotenSal$Energy$of$Electrons$in$Atoms$

Vacuum$level$

Anode$

Cathode$
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A0voltaic0pile0on0

display0in0the0

Tempio0VolKano0

(the0Volta0Temple)0

near0Volta's0home0

in0Como.0

Alessandro0Volta0

(17450O01827)0



340

This0image0depicts0an018910painKng0by0Giuseppe0BerKni0(1825O1898)0of0Alessandro0Volta0

demonstraKng0his0ba"ery0(called0the0“Voltaic0Pile”)0to0Napoleon0in01801.00The0work0is0currently0
maintained0at0the0Volta0Temple0in0Como,0Italy.00
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Planté,0France018590

Jungner,0Sweden,018990

19670K.D.0Beccu,0Swiss0

Lead$Acid$

NiUCd$

NiMH$

Whiqngham,0Goodenough01977O19800

LiUIon$Ba`eries$
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20120at0UT0AusKn0

Goodenough’s0900years0

old0birthday0



LixC6 Li1-xCoO2 

Anode Cathode 

V$

Charge$and$Discharge$of$a$LiUIon$Ba`ery0
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Formula$E$since$Sep.$2014$0

h"p://www.fiaformulae.com/00
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h"p://www.fiaformulae.com/00



410h"ps://blog.compete.com/2012/08/12/sundayOseriesOtheOelectronicsOcategory/0
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Gordon0B.0Haxel,0Sara0Boore,0and0Susan0Mayfield0from0USGS0
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Bommier,0Ji,0Nano'Energy,020150

5 nm!

StructureUProperty$CorrelaSon$for$Carbon$in$Na$(K)Uion$Ba`eries$
Capacity,$Cycling$life,$and$Power.$$$

Hydronium,$Mg$Ion,$Anion$Storage$$

Carbon$ReacSvity:$Nanostructures,$AcSvaSon,$Surface$ModificaSon$

Design$Bulk$Carbon$Structures:$Doping,$Composites$$

Design$Novel$Energy$Storage$Devices$based$on$Carbon$$
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Journal0of0the0American0Chemical0Society0137,0no.36,0(2015):011566–115690

IdenSfy$New$Chemistry$for$Energy$Storage$
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Oregon$State$Materials$Electrochemistry$Group$

33$publicaSons$
$
4$patent$filings$
$
One$startup$to$be$founded.$$
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