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Historical development of installed energy storage systems (2012)
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Estimated Global Instalied Capacity of Energy Storage

Total minus pumped hydro: 2,129 MW

Fiywheels and Qther: 95 MW
Total: 125,520 MW

o Batteries: 451 MW

Cornpressed Air: 440 MW

Pumped hydro: 123,390 MW
Moften Salt: 142 MW

Thermal: 1,002 MW

Source: SirateGen Consuling, LLC research; thermal storage instalied and anneunced capatity estimated by ice Energy and Catmac.
Hote: Estimates inciude thenmal energy storage for conling only. Figures current as of April, 2010,

[8] alad i sl (53 plas Aothaiad :(9-1) Jodid

Aila_e ) AUl a0 AeUsind of 2010 Ao 3K 5 V1 saniall b gl (B and
1) dsand - e 335 96% (ss leia 23.25GW il ASul (A A8
ALY (385 (3 Qs s (3

[8] At Basiall o gl A Ao pal) dBLal) 0y JAS plid dslaind :(3-1) daead

Storage Technology Type Capacity (MW)
Pumped Hydro Power 22,000
Compressed Air 115
Lithium-ion Batteries 54
Flywheels 28
Nickel Cadmium Batteries 26
Sodium Sulfur Batteries 18
Other (Flow Batteries, Lead Acid) 10
Thermal Peak Shaving (Ice Storage) 1,000
Total: 23,251
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impact of Discharging Current on Capacitance
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influence of Temperature on Batteries Characteristics
s ool Ao il maca g Mass soaadl ol e 5 el A n i ing
Adiaa) o paad gl gl e

waea—gala )l < jAda pallad e 5 el ds s il - 1-9-4

B el da 5 g il (Gas—palia 1) Ll ,eS Al ailias o
o (b Andall = Galia B il ol sl ate (23-4) IS8 sy
Aoglhall dod a3 al Ap g0 alisd ae 4 Baadi Cua il b s
o) paliad xS, (odnall Aokl pgl Galisdl o ) sosadl dlala
b el As (8 alial ge adl ) Al 5y iy sl A lisd il
Lea caion CaligV) A4S g Lygmn (Jimy Las a5 aal Jady cud g8l Ty
[20] dalad daleal cMelal o Ll e

2.05
s 200
jl
g
S nes

+1E0

185

000
Thne [houriminute)
B ot A dpdaalad) = (ol N B el i B8l iada 1(23-4) Jead
20} 4ita

paadlS — 60 & Al il Ames o B el da s Lili 204

~A) S e Bl G e il Al ol Y a5l ad As saly) g
e (0 100% 32 gall dnudl (983 20°C. Ay glona 551 a a0 ie 4 (24
J201 0°C 5 0 s de py e 80% s I Oabaii Lay b Haaall

136



14
N S
o —— 7/
= T
g _m&c/
=
1.0
o8
1 5 ] 5 | IR DU T i, X J
1] 20 40 &0 &0 100 120
Dischasge chpaciy, %

[20] A8kaa 3 ) o o 3 (B p gmadlS— (I8 AR &80 dada 1(24-4) S

Oaall 0 — IS0 B Aaal Al daw o B el dg e il -3-0-4

Gal 3 G s sl pall Aa po abiadl ol Al < jaaal g gl 3 Lindiag LS
ahdll g N Jpeal g (Rlalall dediall dag saly3) JauS gl e
[20] (25-4) JSSl ek WS HSf ey

SICmAX 1.2

Charge
1.8 Tearperaiure @ 80°C
et s HHR2004
i85
5 /
% 19 - e
{ 10 j i %N
' aoe] |t LY\
.8 0'G
0.8 " - B .
0 w0 80 86 100 126 140 360

Capacity (%) {Nomins! Capacity Ratio)
Adlida Bt Dlp e g,a Slall ag o —J6a 5\.:\1;4 @ﬁ:ﬂl g.i.a;m :(25%4} RS
[20]

137



potdll 3 )) i B daal A i Aeu o B el dp e ki —4-9-4

Aaat ) ol Adalal dagiall dad lasdt b gagt s olal Ax e s f
JSl pumge gn LS Al Aaudl Balyy (A ASLYL (sosadl kN il
[34] (26-4)

Celi Voltage/Vf

0 100 200 300 .- 400 - O 500 .- 600 700 800
Discarge Capacity~ mah

34] Adlides 5 cilad b agdtlll o o B_Asal g dl daie 1(26-4) S
s P G ¢

fianas (L) odad (s o) 1000kg Leis Gk eS 4 pa 1Alless
AileS O yaae e S el Abadl Jihy jlue (3 S50km Adlae alei)
03kWh/km sa < aad e 48Ul oDlgiad Jasgiag S00kg Lo snas
i haal Aoyl 5 2.0m/s” o o sl g bl 36km/h de pu A Jsasl
A deblaiayh A 4 A clelpa e cliall
e gllnall

Saaalh < jaaell Adal A4S Jan gl Lol @

Saaall il jdaell Aol 48U da fia Cuanl @

~bdlaiall odn Als ot Al G Raal g gale @

138




Al ) < Al b Al a) slsl ~10—4
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(ks eSH 28I A5 L) 2 e Ao i) abal pedans da glia R,

«(redox) gl Y1s sausYl clelin) 4y puie 4a lia 1R,

(Al e A3l U5 A (el pdans A 1C

BaSY) cBlelil dadd g Ll dead) 5sadl ABSA dyged Chp
(el

Soaaal wsl ol e sl iU

ol Z5a 3l 8 el (28-4) SO 8 canadl 5 sadl e 8 rdgal ariieg
3_aall Qi oSy 4 5 jaaall Sl Jiadil Jal e Ll 5 el a0 4L gl
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skl e RiCy g 8l ey s o(29-4) JSAN 2 Al 4l e 5 lall
gl Biey Laig o{{activation polarization) (eeddl colkaiind) a1 5 yuad
«((concentration polarization) Sl clliinl) ad¥t iyl gl R,Cy

e ¥ A il Ry e slialt Jiad LaS

[36] 5 auall ,Saliyah 3 gall) 1(29-4) Jsih

H(29-4) JSal A ol z3sa yealic pngh Lied

Soaadl da gl s Al gV

3aad A Qe gl lladl g il Clrasa e IS0 A Y1 A 1 R,

cha g ol el Gn Jsldl aad e clisall JW oo dadll Aagdall GR

bl
by ) g el aad e ladd Juadil g A deli :C,
L dailh

A el e B ARl o bl Janl e Aaslll A gl iR,
B aaall KN aasl s Glia Sl 388 e Aaall Al G

Bodadl ikl e mgl (U

[activation polarization) Jepdill cillaiind (e e Gld R C
{concentration polarization) S il Gldadiud fe o <ld (R,C,
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aall A Al sl daally il oM Glea—12-4
Al guin g Sl

Battery Module Sizing for Photovoltaic Systems
23 (pa Afiguin g yeSH alaill ae Adliaa (3 ey Ak S ol aad) dasid oSy
~4) JSa) ek LS gliie L Jlasly ains L Jles] du3a3 4 ezl
Ghliall 3 J3al dyuel delUsina) 5 ypn plll 5 Lbaall 198 a3stiys (30
Al Al jeH ASaal 3 5 aaed A 50N

DC-AC System
Off Grid

PV alii ) el doall by y bakis 1(30-4) Jei

:[37] (S g guia g peSH kil 3 Ao DN Al s LAY dae s (S
{Days of Storage) DOS 4 slhaall o5 3830 U dae yaas —

PG R PIPIRE VU P [ (Voltage of Battery) Vg 3_aall i aaas —
LA AUl ddleayd

Andl Calial gall (e 3553 (Capacitay of Battery) Cp b ydaall dew yast —
A(C20 g Hlo die b plaal 25 A5 Al

(DOD=20-30% skl a3 i bale 33 59 DOD 5 saall o il Gae yn3 -
5 yiaal Al Clinal ) (e 3830 ) Ry 50 padl Aa s Jalna a3 -
. TDR (temperature and discharge rate )

1Al A o (Useful Storage) US o il saball Al Gl —

US = Total _Load - DOS (4h) (7-4)
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:(Total Storage Capacity) TSC aI<H 5 )30 dmus Cluwar

15c=—
DOD -1DR

(Ah) (8-4)
:Actual C sl dlesh ol Ol —

Total Load(Wh)
Module voltage - DOD

Actual C= (Ah) (9-4)

Nis (3and o) Alududl) a8 jaall 30 Cilua -

_ Module voltage

Ng = 10-4
s 7 (10-4)
Np G jaaall dae @il Jodbudh aae Gl —
Np= 58 (11-4)
‘B

:el,.]l é.o .A;'l_g

Total Load = 1725Ah x 24V = 41400Wh
sand ole ] coliMally oy gailly

US =1725x = 1725 (Ah/day)

5C=—"2 _ _734004n)
0.25 % 0.94

Ny = 2472= [2cells

Np = 7340/1854 = 4branches
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Power Batteries Auly sl 558) i )50 13-4

e agend (Pha e Al cleUanal 85 S3all el el aadiun O oSy
ol e alasid gyl e soe 8y il duladll e WY e s
Gl jaae e b S gl 5t A e ikl ey 8 Gea— et
AOMWh 4l 43S danys 1988 ale LipddlS 3 il Laea—yals )
i jaae lnY Aeailly iy LS clela o Jsa dlliaal B3 e 355
AMW delhinly UPS cilsukil Liy il casim Jie olabsae 6 g ol 13 (g
—JSl Ba il Ga o a1 g1 aasiul Lad s TMWh dil
23 (e 1000tons (s sUn gums 2003 ale Alaska b 2 dus caplS
[5]4.7MWh 5 40MW 4w < jaaal

pany ekl g Awd pall a8 b Wl aal e gl o AR e
300-400°C o 2 a3 5 ys s 3) de Jony <l jaaall a3 e

[6] Alandl daiy e Gl Adal sy Gailuad G Ad f8a (8-4) Jsanl

Batteries under Sodium- | Lithium- | Zine~ | Lithinm-—
developement sulphur | sulphide |chlorine| polymer
Electrolyte B-ALO; KOH KOH LiPFs
Energy efficiency (%) 70 75 65 70
Energy density (Wh/kg) 120 130 120 200
4 240 200 100 ’

Power | {(W/kg)
densities | Sastained

(W/kg) 120 140 - -
Cycle life {Cycle) 2000 200 - >1200
Operating life

300 to 400 | 430 to 500 0 -20 1o 60

temperatures (°C)
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S — agid gl il A rdgdlall 3 el cila <l jdaa —14—4

Sodium Suilfur (NaS) Batteries
iy S gl peall @ 3 Al faen —1~14-4
50 lal ja b dandy el dle )l jaa s S o sl il a0,
377 5o Led adas¥h Jelial g Adle

2Na+58 — Na,Ss (300 °C)

ot dls piasea Gas consall Gl 8 (geaia) Jln 38 0 Gl a
s soAl palall A Sl Jgladl s alladl el Los y il (adedl

i) pssal clish vo iy s gy (B-AL,05) claal uull ciigel
((31-4) Jsa

NAS Cell Structure

i % Bl Lsed it
B e ket

MAS 15 Cell Petformance

Bt Iy, Vultage . 1av

T C o e Wh S

Bl luermss Hertrohite ‘--_-‘_i--w"fl; ML 1220

" ‘.l]'imér::s.iol':'s & b Diamoter 9 Tmers

S Langh . B16mm
Efficiency | 8% / 8hr rate
Eneigy Density 7 367Wh/|
Weight 5.5kg

[B7] cuns—agmipa ol A Ly 1(31-4) Jdd

o S SN Bty e e 900 seall s sall g1 (805 2 i o]
Gaedl diad A e Aleall i 8 2 Y ga datie aadll g jladl 5l
Ao pall gV Adaee bl aladl & ASE 4 gall i 8 olKEy

(oo sall) bl L aa aal 450 56 solall e 2 gxt D 03 geall
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vie Jeis 300°C Hoa bl dnpy 2 plaly ddlaal 3aal saa Jadad
solall Ul il (S0 cpdaill 4 glilladl sl A3 O g Cum A Jag yd
Gl 3 SIS T Ly 65 3 ad gm sl o3 i A 5 O o A e
Caniine 5 yadall a3 (b Aaaidia Agdalall Ao giadl oY 5 aap Jud 2y b Giladl
leadatind (e 5 aaall ol iy ol Jdee Sl iy cya JS

B

oy a gl et 2 Ak @l e ~2-14-4

oabay 3l s2e i

MW 45, e @ jaae sie Juas ddaud g 18 ynS da s —1-2-14-4
NGK 3,8 i (e giie g v Ml JSEH s bans Ay JSS Ao
A lia) sy

1.2 MW-7.2MWh (20 modules), . : 10m, H: 4.7m, W : 3.6 m,
Prix : 2,5M€

The First 1.2 MW, 7.2 MWh NAS 1 AEP

[37] iy S p s goa <l jital S gpa 9 B30 1(32-4) Jedd
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Mbﬁshljﬁﬁgﬂ%@p@ug&@h@aulﬁMH o 4
bige 25 1 oy Leatiiy Gl 3 NGK 3808 8 5 Gy 38 2590 geall < ja0
b Il

Oa e Ca S delind ellae) AplSe Ll @ phua pas <ii-2-2-14-4
O soaaal S Al o3y L Agli 30 ta ke duie )5 sid) el g daeu¥) deUuiuy]
b Al e gl 13 Sliay L leDB Cailio s gabeal Haaiul il <8
—geba,l @ aad 40kWh/m® Jie 170kWh/m® fas alle L8l s
D ki) s L bt Sl dabas Y glind M L Gaes
. aan—pabia )l il Al

(thermal enclosure) 4 s Abila e Y g1ge JS& WA pmand ol
gl dg AilyeS clilan o e (300°C) Adalall 3 el gl ag
g - oall Afia e Ldilesy Liad aghs o3y dasll ook oo ey WAL
sl 5l e duani Cyny La)s LAY Ja

NAS Module Structure

Dry Sand Heat insuiated
se  Lontainer (Upper)

Electric

Main Pole =
Habl Insuleted Contginer
Cell {Lower)
NAS-T5 Module Specifications
Volago oy [Pimenckne B (i
Curgant - | 438A Weight .00 | 3.8 ton
‘Copagity .~ | 421kWh Enargy Depsity 'y | 70kWh/m*
Efficiency > 88N Number of calls -1 384

iy S 500 g A AadlaY) 1(33-4) Jed
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00% U5 yaadi oda Loka 5l sl of (Say rdglle BpUS @l ~3-2-14-4
il g ol pe dae ) pe Anadl y 3o LS wadlis e N JSG o
5 A patlasd Al ciaay ol (List)

Reliability and Durabiiity of NAS T4.1 Celis

40 08

410 o2
. e V("upm:ity -1 3% yenr F
Tg e e = wooE
& ey -2 e
= & ‘%% %mgg%e 5 P
B B ol 5
g ® 8
& Efficiency -0.2%fyecar =
U e e B P e e Am W

340 b

2Y — e

1000 2000 3062 SC00 Sl Lo
Charge and Discharge Cycles
11

[37] cuss—agipa @ dda paltiad 2l 1(34-4) Jsid
s amay A 15 2gamy ol S8 el 1009 dagle ges D —4-2-14-4
(sl ol M i jaael 1500cycle Jiie) 2500cycle e Jac
oo Aatlll AUt aset) il 300) 38 olasiad 5 gha 8 2008 sl L 53 ai)
G Cus (245MWh) 3AMW Jsise (persias SIMW ) de )3
asinal Al Uil e bt (35-4) Jal
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17 Nag systems, each with
2MW capacity

N

! 17 AC-EC converters, oach
| With 2MW capaclly

3AMW delaiody

oAl Al Jaie ae ssSad de el x A aie (36-4) JSSN ek
deadl W dadmdl deUaiad! o} Jasdli L8h s (g A NAS @l ia
Hopall e sl o degase 4ad Alad Gl s iy (delivred power)

Ayl de el o8 el degd)

Data interval : 1 sec
50,000 ¥ v

40,0600

30,000

20000

16,000

Power (kW]

0
-10,000

~20,000 Fe--eeeoo-bo-- B MRE S

~30,000 } y R ]
Ra-Cct] 1700 18:00 19:00 Aitend 21:00 2200 2300

doliul (ade aa By g8iall Ao 5t g o4 Aol (aia :(36-4) Jdl
[38] cnjaill ollaj
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el U ol oA —15-4

Redox Flow Batteries
el g o G AL ki —1-15-4
A8 g <0 ) ) AL 300l G g st a eSSl A
G Al sadl Oda e el cul el clia Ll 4 Jida
Ol a6 (e o g led dag DRI ea lelal biddse JS o83
Lt o5 el o)) el ol ol Ay (o) el
s 68 elin WA) peon g e Gl o) AN 3 &
(b AT s ADA e Oloall @lipd L mew (interseparator)
5N el Ly ey Apdbne (S il LN o3 b Lad sy
o S e o Jpand oS 1 LaSs Ll Al,e< Gl e
i Aletinal o gall LUV b gl gl Cigan g gty gl
3393 10000 s iy Loy 5559 2000g 3 sl )92 (o ol 33ad s
[39]

Glaas o ot Cul oSl gloa claae of (37-4) JS8 ek LS
ol ddes 8 Al 5 eSH LAY e alasly oSl il 35 canldl
Sthall 93 2y A0al Gulaiall Gl DS e Al il o gall (30 iy 58l
el pad oS oot Jelill Casy Cua LAY oS el el
2n% i Aadh e gt s ade e &gl aN eas ST e A saiial)
and g1 Amadl ois o ad ) Sas OS1p Aleliiall ol sall AES dlasd 515 jA0al dans
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S ol <l daal ale ki 1(37-4) Jsdd

po Wafiye A8 6 8 DAY (blocks) JS A dnene AN Logee (s
Lpma ik gy pall AaN e 208 IS 50 gy Copun 1A ol e Uil 48 Lpuiany
NVLRUSEN RUE [P PRI VAU P RPN

el ey ag —A <lyiae a gloadl Gdae Ge gl EDG Ay
‘uug;gd:imll & Aadh el s Regensys <l jaaa iy oS0, —p il
id S clfjs alud Regensys i Ll aaus¥ ge <l 322 (eua
o g3ilBY Sala ~2-15~4

oud Wl 8 e 1801 ale 540 Jff (e aiiS) Vanadium a sl
Odra (e e asd sl AT JKG an s b angg ol peall 30 ey disile
1803 ale b 4iL) 21 Gllh amsg 05 SN

Gas 1925 de iy a il 3500 (30 1867 ple el Sy o Jje
sl ey p Glh apS o udls pmiats il il e
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sl Jsand b 4w iy Vo Saasl o 3ay a1 i ganh gl p il
sty o) Y dsains ol ¢k Aaadal 3 30 S s pglil 23 jualinll
Na d Oy e s AV paliall pasile geady (2l ol pla¥l el 6 055

S 4
A 3l g gl Gy Y15 08 8 g of Sy p sl LS e
L 3 il (3a Aalall 16 b s 2 ol Sl 0S5 e o il () oS,
N delial ety o Salah el g e Ll o Jal Gmny delin 3 Jesin
dages ol jal delival yaally Lind iy o S0 L M5 (hsme b o gl s

el S e e

a gl cad gSH olsa o jhae ~3-15-4

Vanadium Redox Flow Battery
SSPREC  TCH [FERW R W 1A 1 AR o R PENRPRR v | RS [ VR O
dacits a0l i jane . HseSl Jaidl L3 s A ekl ol Sl
paend) i gy CapSl e Cul Sl o ging Ll oSl b o glell O
ol <l Al 8 g gall
:[39] il jaaall oda b Caad A Ay oSl cdlelal

Negative electrolyte: V" +¢ _—, pr
Positive electrolyte: VO;" + HoO 4t—5 VO, +2H' + ¢
Overall: V3" + VO," + H,0 % V," + VO, +2H"
oeadl e il el cilad e odlel aialeadly (e s LS il i

ISy Al Jenid 383550 JS Ake (8 AN Ol ) aas eSOV el

RSN IY 3
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A5 R oSsn ) asialll < fae dlad € Al Jua Je 8
dane & 275KkW Aelainly uped ) dlse ciph e 170KkW - 6h
Gl padday )l aBgal 3)ga (38-4) JSM el LS UL 8 salSe

o gpailil

B M

& for

Wind Turbine

[39] salson Aasa b & pall o gpaill i jdal § 5 gua 1(38-4) Joil
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Lithium Ion Capacitor > asfill 3§ g s ~16-4

asihalll 35 i S e ~1-16-4

gl A8 5A0 ae oslaaly (Franche-Comté) 4 (il 3 deala <ol
36 palie e Wi 2008 AL 4 @b Aeds A8 ey (JLML Energy)
cliat ge <3 ( Lithium ion capacitors) "asilll 3 s S Ay jo3l
fara s ol 486 M (B posiiadl ASL £l S [RYPRPPRVIFLITAG RYIEN
T40] < aad b (redox) (e s S e

ssee Al 3eS Gaibiady aiali Baaa (i3 palie b asidll 350 CliS
o) A58 S e B el Tan Aglle 5 a8 2S5 AeUaiad) WS o Cua
sl A 486 K e e gl Sl Al A Gl eb A il
. aall 228 ((39-4) Jsal) Ml o8 dakeds Gy

Energy Donsity [Ahkal
-t
=]

1
0.1
0.01 L . : i
18 0 1600 10000
Power Density [Wkgl

Lingd) pssiall 3 o CUBICa) 05805 Jabodia 2(39-4) Jeil

A s geada o dad) Cun 00 g g Baal ualinll s3b 5 sl 3 g S pud (3l
A slaud gale il o e A ) aaall g Ancd) ddilh
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a gt 3 g cldfisa Auiy —2-16-4

Structure of Lithium Ion Capacitors
Ga S8 G gall bl bt e Al o a il ) g S g oS
3 g g aati bl dnaall B8 CESAH 3 g LS (Jladll) Ladill o q S
~4) JSA ia gy LS sl 35158 adl g LS oy ,SU Ayl o sl
(40

Li-doped Electrolyte Activated
Carbon Carbon

[40] ol 3 o i< A4 :(40-4) J2id)

(carbon Cg congadl uslll des o JSE0  pand 1300 L8N Al o
(carbon lithium) Cy bl sl G aa Jududl Je double layer)
Al Walealls e e o oS4

1 1 1

= e— e —— C]->>Car1 — Ce "~’Cd] (12-4)
Cog, L Gy ' ‘

Claad @3 asfill o ed A Lode Ladsa oy (41-4) JSab
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?\9;_.\4..,\11\ 9 ) gl LISl (g pbea 1) gad :(41“4) Jsddt
c 3.8V Gl bl Aol 208g (i) «124ml paall 2000F dpaatdl dscadl

opadsaly gl 3 g B A Sl atlasd sl (9-4) Jsad o
:1000F , 2000F,

[41] psdall 3 ) o Lol Al g8 atlual (9-4) Jgsa

LO00F #3500 2000F zasei Sl gol
70°C Y - 20°C | 70°C V= 20°C |  Juwiid 5 s 4y

3.8V 3.8V Y
22V 22V Y e
1 100F 2200F 25°C 36 Fuadl e |
60% 60% ~20°C e A
100% 100% 70°C s dad

2.5 mQ 1.4mQ 1KHz @ ESR 4.4 jlial

12Wh\Kg 14Wh\Kg A AahY dati

21 WhiL 24WhiL Faaaall ALY AaBS
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J20°C ) oo 5 e da g e (9-4) Jeand fpn LS uaied M ey
Go G sy Al Al sesl Cl asall g BB S Jlae 2 (70°C
Cala o die Al alaad Jaadls odlel Joaadl Ul Ldend 286 el
SV A 60% ) Gl i -20°C 5 s sy die Wb il 5yl
Sy 38V kel 59 cuiig seamdl o Lad opy 25°C dic ded
cosdill 2 o5 jane A LS 2.2V (& ol

ABlE CASAly A5 lae Ayl el Gatliasd (pe es uaiell s of ans 1a
(10-4) Jsanll e LS dnadl

{41} @\9@‘ Al e t;!LﬁlAS.aJ Ag) ARME LIS O MJLM (10“4) J ot
o5l 4 gah S o) AR S

it 3 g I3 Gl

| A Liwi nddia i g

e agily es Al 480 Ausadiin Agh jeS A8l 2L

An 0 e Jn (a3 ) m As a;.qji“él‘@u;l&dbﬁﬂﬁ_)‘);j\l?._).)

osielll 4 ) g i g jiis Qi —3-16-4
foofiy omd 2 2.2V Aaid Ay 25°C s sl A Ad) byl ok
L& (100A) <t s Al o (41-4) JSEN 3 Dppall sl gall (2) (Y

(42-4) JSN ede
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(A) M

150

100

50 b b b b b

addl | cesAdl i A
0 T T T i 1)
50 0] 20 40 60 80 4100
t[sec]

100-
150-

[41] dadl M saiall Jo gdaal Ll (4 :(42-4) Jedl

by A s, Ol e il dase o a1 e Bl
Gnall Ll Led 58y (2380 5 i Al 3 5l 5 (100A aied s iy el
2100 A cssbon L L 558 Cum gl 5 A B 5 i clasiee

(43-4) IS gy LS g puaiell ] e il 0K o 05 e

4,5
4
3,5
- / \

9 \r“
1,5
1
6,5
0 . . . . )

0 20 40 t[secfo 80 100

-

AF

|

.

(v

[41] it A adal) wif jhl Jo milil) gl JS& 1(43-4) Jsi
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tda e 3 e gl of Bl (43-4) JSE e

3.8V gl s by gn LS CES adi p s il oda By 1ol 3 58 -]
A6 30 e Y el b

b sl leh cusSs Losine Sl L 00y 50 a5 s 2
sl oda & 5l Aad A caila da g Alaadla pa ST S ikl e
bl Al Al A el ol 5 sl e

Y s 2.2V i ia KA g g et oy 8l e s il 8 5 -3
oo o Il n emial 3gd a3 ) o bl L A5 30 g
Gu osane Pl oK Auds g a8l padl Ga) e ded) Gilb S
cstalll ol g5 jae Jie (s jhuay adie Gfiagh

(1) & glaa Alss

sl (2V, 8Ah (aea—jabia ) oldd JS3I 6 dupall 5 a0 dal s

3 gl Agandl g e} ol Upmiane o Jally Cpy 5 a2al) 28K & grnd

23S 5ol ualie A8 200N L8l Jlocly Auiada-duabis 53 kol
(C~79F; R&=3.75mQ; R=3.75mQ; R=2.74mQ)

G sSU Jabaiia aua g o ESR 400 5o 5 a0l bl A38Sal Ao liall cana

LA RETTOPY 4V AT

2V, 8Ah paa—mbay b jdaal b ) pa :(44—4) JRLIAY

et
Al Bl alasiuls B UL 3 oaael &y saa ibas (Say 1

159



3600
Uy Zmin
2600
N S i = SO
22 .16
toeS ESR il fof 83 of oSay2
R

Cbziil( = 2% CAIJ U

o R
LSRR = Ry -+ & ]e =4 Gl

Ay + e
(45-4) J8A} 3 pia ge aen—abia 5 a0 s S0 halada )

£

" Im(Z)

M Ailie ;e i,
S PPV B T PR P

ESR
waan—galea ) 8 jaaal i pSli Jabdoa 1(45-4) Sl

H{2) Al

Dol 8 Aana gall Apaal Al b Gatasiid g g 0 Al seS B0 Ll
ot by goraaY) Sall 2o gl e s dadl g s g e (674)
Sl i JO8 (588 6008 cp3al ey 11008 asfl e 4 0.8A
{46-4) JS5Y priase LS 3 aaall il
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2.5 1o meVOIAEE cotCUMTERNR. e e e
2
5

Woltage {V}, Current {A}

[} 2000 4064 &000 8000 10000 12600 mmoi
__Timefsec) |

ARIRIRI]

1

I

&JM‘ ;:"L,L'&‘)ﬂ it Ehs-u‘g_).uﬁ bodbdall yigig lad ‘(46“4) Sl

e Costlaall g (29-4) JSEY A Al RASA 5 o) el

g Al AslSall 5l pualic walphd e o gl Adalal Aldeal coSh-
S ol A s paaa 8 Ll el o el (RyCh g lly (RIC
(b f LU i i ) T ey Cal

Giglhs AWl 5 palie o ais JEb ol y i il Ae pasial—2
sl el Agladlt gyl Jal e A8 Lpany) A5 sl Gl kb e SH
S=1700s JelS

Voe=4. 2V, I=0.84, Ry=0.125m€, R;=0.1m&2, ref plad o
R=0.05mQ), C;=200F, C,=70001

]
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Hydrogen Energy Storage
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O pagly Al (0 3a5 -5
Hydrogen Energy Storage

B Abls s el 15
a1 e (fossil fuel) oysiaN) aggl ued ad cu 8 ol cigl
U Aelpa sile) o sl 4l oS ALY AT juae 3V allell apdy
any e g A1 caial uaiall @l oo puel sas W ALY 5 sl
i ia — ehyall L LS = el o Coiatie ga Gutia Ja (wa
Cigms (hydrogen culture) cusouell 3 luaas (& bas Aeldiat s Al
g loa gl 5 Lot |y Cadas cpn el 4dl 8 T Lokl Lot Al gy
sl Ay 8 Ay il dad LS L gl iy Tl 5 dpsboaif)

dgelicall

Ol el ga el LBV e aan dael Glich Jde g o
— saadl ALYl e W Q) duwd i a8 ol ey (hydrogen geonony)
Faalil duolel Aacall g plially A3l o 5 eadll Y1 ol — G el st
iy i gl b gl et el el cgosia T3Sl s e
iy OlaSy opnoved FlY sasidl il jdbias Jeiay Adle 30l
O Ll

Al gy o pandl e ae 2 GA (ea¥T s JaLIN Aol B s Cnmonell
Sy e el ol aff LS ¢ 5 a2 ke cltiland el 48 e oo il (g
Asg o b gid AUal Qb gn paen O oo ABSY B2a A (heating value)
{2200C o el o Aglles 4Bl gimd cogh Bl Ay (J42] e Y

SELN o anl 1_,1_;,@, U,;.,mj iy (_'}J:s,)_m@,\l.ﬁ i ja e paiile Y Adld)
Iw_e PEIRCIY qumuﬁ Sy o bedll T 3 Wiay § sunge o8 o g Aty yeSH
% POV I WA PRV RNRSRIP [ WEENpn e i



Cr ) Ltlsansh Aty 3l (atladdl ~2-5
80n sl ualiall Caal pa g alu e dadl Ny aalally alll e e e el
il ed Prp=0.09g,/1t Asallall Loy il i ( Apesal 4t ) 4GS drplall b
o sl (8 de s LI o b S 5508 4l 13 ¢ 5 e 14 Y sag lsed (e

e g2l (B 58 pminty @y, Y
r ey ED alg 1.0079 (5 b 4 (o2 (55l
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ABBREVIATION

AFC Alkaline Fuel Cells

AC Alternating Current

Ah Ampere-hour of the battery capacity
POB Balance Of Plant

BE Baitery Efficiency

C/id Charge/discharge of the battery
CDCS Charge-Discharge Control System
CHE Charger Efficiency

CHP Combined Heat And Power
CAES Compressed Air Energy Storage
DOS . ___ Days Of Storage

DOD Depth of discharge of the battery

Diehl Luftfahrt Elektronik, German for
Gmbh ‘ N i 1.5
"company with limited liabiligy™"

DC Direct Current
EDLC Electric Double Layer Capacitance
EES _ Electric Energy Storage

EDR Electrical Distributed Resistance
EIS Electrochemical Impedance Spectroscopy
EMF Electromotive Force

ESR . Equivalent Serial Resistance

FES Flywheel Energy Storage
F.C. Fuel Cells

GW Giga Watt

Gwh Giga Watt Hour

HTS High-Temperature Superconducting

| H, ~ Hydrogen ]
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ISTEC | International Superconductivity Technology Center
Kw Kilo Watt
Kwh Kilo Watt Hour
Pbsod Lead-Acid
Li-Ion Lithium-Ion
MW Mega Watt
MCFC Molten Carbonate Fuel Cells
NiCd Nickel Cadmiuvm
NiMH Nicke! Metal Hybrid
NEC Nippon Electric Company
PAFC Phosphoric Acid Fuel Cells
PV Photovoltaic
PEMFC Polymer Electrolyte Membrane Fuel Cells
PTS Power Transformation System
PHES Pumped Hydroelectric Energy Storage
Redox Reduction-Oxidation
NaS Sodium Sulfur
SOFC Solid Oxide Fuel Cells
SOC State of Charge of the battery
SMES Superconducting Magnetic Energy Storage
TDR Temperature and Discharge Rate
TES Thermal Energy Storage
TSC Total Storage Capacity
US Useful Storage
VRB Vanadium Redox Flow Battery
Yr Year
Zn-Br

Zinc-Bromine
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