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System Ratings
Installed systems as of November 2008
100
10
g
© 1
£
=
& oa
2 CAES Compressed air
g EDLC Dbl-layer capacitors
a FW  Flywheels
0.01 UA  Lead-acid
Lison Lithium-ion
Na-5  Sodium-sulfur
Ni-Cd Nickel-cadmium
0.001 Ni-MH Nickel-metal hydride
= R e
o VR Vanadium redox
©ékextrioty Storage Assocation Zn-Br  Zinc-bromine
0.0001
0.001 0.01 01 1 10 100 1000 10,000
Rated Power (MW)

[E1.1-3  HiEfERER

{2 T AR P

£ EkL © Optimal Power Solutions

BE - BRYEZZ AMGEAE - $REE T IR GEAE - iR
BE ~ HARE AR - AW - SRS
RE--- 5 o $HEE T BT EERE IR Em R RE R B A
EEBmlbER - WHREFIRERE S ~ f#ES
B RHH— Uil e © BRam s A R ~
WEAGHERE ~ BEMAG TS RERRERIEAR
ARt~ KBS Y KRR EERE Rl - FR#%2010
FElectric Power Research Institute (EPRI)4zT

WEkA

127,000 MW

Source: Fraunhofer Institute, EPRI

L1-4  EEREsILZ AR H R S 2 EbE

BUR o 2RO EEAVARR AR S LI E K]
fE#AE(pumped hydro) 127,000 MW &+ » H{L T
99%HIEFAS & - sERE1.1-4 - HIUZBERYE 22
RARERE440 MW ~ SR-T B EERE3 16 MW ~ §
f&EE/M~35 MW ~ Ni-CdEEt27 MW - fféif< 25
MW - §HiE T2~ 20 MW ~ & LEFIRTE
<3 MW -

® A5
© W-F | 3t
316 MW
@ B EM
~35 MW

o BR-88 B
27 MW

. M ER
<25 MW
o 2B FEM
~20 MW
SRR E M
<3 MW

v

£F#ERL © Rastler, 2010



174 SEEERAT T
1.2 RREMIBEN

1.2.1 HEmBE

1.2.1.1 HEKDFERE

& 7K J7EEBE(Pumped hydro energy storage,
PHES) & A H p Gl E s S (LR A R -
B R A [ = A W E DAY R AR
BN TEVKEE » Bl A BRI B i /KA — Uy
EKEFTEI S — I s iR E KE - EAHE
FORE - AR S R B KB /KRE R - A
i 7K 7 %% SRR AT BB HYE /K E R 3%
B o B KERTIPHES 240 By HiGER » Tk
REGF A REE U EE IR RIER - fRIESBC
20144 i th A IS fa i > I U RREIVEE
HECEI28 GW - Hq {5 DIPHESHFHEE R R
F5F (SBC Energy Institute, 2013) » FER[E1.2-1
Bilg21.0-1 -

EUOMNFTs BN A =438 GW » I HTHETTE
20204ERTE N7 GW 2 EE » 321.2-2%H
TEHEMN27 B (20102030 B s AT /K 115 B
& (Rastler, 2010) - HRHZIEA 201083 48w
20104 Hf =Bk Plhydropower{E Ry FAERE TR A
3,190 TWh ; 20508578 (5 2Bk hydropower 1]
Z£F(5,000-5,500 TWh ; F NME-HF > FHIAE

& Kk 7 B AE

~127,000 MW

—H PERE104F68

*1.2-1 ER20115F 2 A FEFERE R RHTRES

EH

FEEELE T A E A (2011)

(AR AT HEMW)
HhE KRR 22,000
JFRYAZE A, 115
SEEE T 54
i 28
SREFER) 26
SRR EE A 18
HECRREA, SR E ) 10
BN (fF7K) 1,000

Total: 23,251

SZE50 © SBC Energy Institute, 2013

R REIEZH © TE -~ I~ 2 HHE -~ 1
FERFAL T S=M(SET-Plan, 2011) ©

BB H A RKEET AT A IR R R
PR 7K T3 EE G > BEEAE2.6 GW o fhie
BEHAEE R BNG6.3% - Hp RSB MV S
wEL6 GW o K% —Rg > BaMEE— » 2K
FUURHIHE K3 ER - HEEEEEMHE
KIS R R A R R R > KR SO BIR A
REHVSERE. » b2 PRI SR g ) 5 o P Rl sy
N R TR KAV ROy o AT DL TE R R i
BRI BB S

EEZa
fEaE

Flov
Batteries

shER=H
(Nas)
99% 9 B KE & 1 & K 7
E1.2-1 20137E {2 BR{E#AE 24 BT R

2
SEERL © SBC Energy Institute, 2013
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#1.2-2 PSR RARABON2 Tl 2 K I3 &

GWh (%)

2010 2020 2030 2010 2020 2030

BUM27E 323,347 341,246 357,538 9.8 9.2 8.8
BELHEF| 37,651 41,769 45,033 59.3 57.2 54.8
Sl 366 408 477 0.4 0.4 0.4
(EIIZRIEE! 4,065 4,169 4,357 10.2 8.6 7.8

FERERHT 0 0 0 0 0 0
FETT 2,263 2,361 2,433 2.8 25 22
Fha 21 29 29 0.1 0.1 0.1
B/PIEss 17 22 22 0.2 0.2 0.1
PAN; | 13,206 13,396 13,715 16.7 14.7 14.6
EE 56,979 57,354 60,485 10.1 9.2 8.9
et 21,054 22,349 23,856 3.3 3.6 3.7
Tl 3,999 4,358 4,805 6.5 5.9 5.6
& FF| 147 1,043 2,345 0.4 23 4.6
R 691 707 705 2.6 2.2 1.8
FEAH 38,369 38,710 38,992 12.8 10.7 9.5
FIRf 4 nn 2,881 2,931 3,380 49.5 33.0 33.4
WAZL 419 449 466 6.5 33 25
[E AR EE 90 92 94 2.6 1.8 1.4

R R 0 0 0 0 0 0
it 99 99 99 0.1 0.1 0.1
Nediil 2,263 2,568 2,856 1.4 1.4 13
T 10,371 11,092 11,491 22.4 21.2 19.2
&5 End 18,003 23,869 25477 29.3 31.1 30.0
HNEL T 4,685 5,115 5,189 14.7 12.4 10.4
& X ERE 3,927 4,332 4,367 24.3 22.1 19.4
PEHELF 29,499 30,967 33,530 10.0 8.7 8.2
ik 67,600 68,100 68,267 43.5 40.5 39.2
B[] 4,682 4,958 5,099 1.2 1.2 1.1

G}« Rastler, 2010
1.2.1.2 BRHEZE R EERE B RMGERE RS - AR E R E440

P

JBR 45 7% SR BE (Compressed Air Energy
Storage, CAES) I H| i Bfelge 'y B8 /16 22 SR B
EE—EGEFRET - RS —EE
T L ERVE SRS REEIR - H
W ERARZE RANES ~ BURR - B R R A B i
SHEMACEE - IRIBEPRIE S T EURCAES Ky

MW7: 45 ([E]1.1-4) ; [fijStrateGen Consulting 2011
T2 ERIECAESHIE B A B L [F R K440 MW
([&1.2-1) s FEFEETTH - £20114F 5 1ECAESHY
REMER RIS MW (£1.2-1) -

1.2.1.3 RimitaE
TR EERE(Flywheels Energy Storage)iE—
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EFLETHVRE TR 8 a8 - HARE B R BIRE T
£ B i =58 e Rty — [ e P Vi - 5T
B A —(EEE B - TRim A IEE PRIV
JERFRE] » 4ZRPEEE R - K/NE100 kW 21,650
kW Z fi] o AT RFEE G AT 2 /NI © TR (5 BE 5%
i RE 4 H B 20 Ay TRER S A 2R AE IROR - HA93%
ZIEH ESHYREE - HEm THE A 204 (Rastler,
2010) - HRAZEPRIF & sHETR20104F | FIRER RS
Zi e A E A SN2 MW (E1.1-4) -
StrateGen Consulting 2011 FE | BRAE i K EH
fhFREERE BN BT ELI /319 MW ([E1.2-1) -
FESEELJTH > FI20114 K 1E Rm R RE Y 5 BL4E
75828 MW (321.2-1) -

1.2.2 {LE3EE

1.2.2.1 Th{EEAE

FEAERETRI A DRABERE BRI 45 R B
RIS - BT AR R BE
.0 BB E A AR o SR
YRR K B RN M 7 2 AL
Fe i -

1.2.2.1.1 $5EESE M

il BB MR H RTFTA fEBE & 248 (EES)
R A REREEE - HEARAAE
F -~ B o EGE - PURAY LR S M S I TE
B HEE - AR EEL 171 WhY
kg © GNB Industrial Power and Exide}> 35 B[ i1
B E&EEEH1 MW /1.5 MWhHYSERE 22408
S (R2014F 1) - [FIFRFH2E210-20 MW
M Z i > B ALY £5$425-8980/kWh
(SET-Plan, 2011) -

1.2.2.1.2 RIRKIFEES

$REFEE M (Nickel/Cadmium, NiCd)FI1$E &
(Nickel/metal hydride, NiIMH) &t A 2% 38 F i
FRRAVEFELT - LB EN AR RN
EIRZdr ~ B S VAR B 28 25-30% KK

—H PERE104FE6 2

UeERAR - HAPNIMHE AL &% % = ANICd
B25-30% » HigHE M o S ERYEEEE(Nair,
2010) -

1.2.2.1.3 (BBt 5B

By T LW ERER S @Y T SHEM
@l R ARy T $8EE -850t ) (Lithium
ion battery) - 19904F » H A& Sony Energytech Inc
HEH T DU Sy B ~ LiCoO, By TEAGRAY © §H
He —EEM o HEEDSEEE TRV SR (LA
JE& o 2042k - $HEE e R E P AE3CEM R
T A BEV LB E M - B E A R
B S BiEEE R - BT T AH
HORAIUPSSE - F SR A5 /2 $8 i  SE Ay IE
BAEILIC0O, » AR LR - =L ~ it
R SRR Bl 2 TR

19964 FE N A EEGoodenough #5432 [ 24 F
T S EE SRR LiFePO, A IR o EWIE fy—
TR A4S - EREADRHERR E M T I =
A —% 3 CE s FH Y $8 88 TE A g iR AR} - RIS
BEZER] ~ BT EEONE AR - AR
FHRENGER - et AREERS - HEI
(EfFsEE T8t > NMEE T AN EE T A NE
B E T - ARSI A B HERR -
HR S BB e B3 T BT R % FEE
PHEFRNEEMN - Nt EREEEShE
IREVERIEE T - BAHENES S LSS
ERESan JAE B IES S %-90% Y (B S M AL -
AN AR EENCAHE
ZHEF] - 514120084 Altair Nanotechnologies
Inc.BLAES Corporationffi /B 53R B _F
fY1 MW / 250 kWhi TR 24T > 508
AES{LEE 24 JAR A E(frequency regulation)fy
R (E1.2-2) 5 559M2008-A123 Systemst 5751
BE2 MWDL K12 MW S+ 85 {58 5 24810
JE [ jiA California ISOFIAES GenerfE 2 Al Lose
AndesB BT - i FyliC B8 2 AR AR T B K BN
#, 75 & (spinning reserve)y iR

il Se R e BR R # B T B AR G - BR
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[E1.2-2 1 MW /250 kWheH g 185 8 £400
S5k ¢ Altair Nanotechnologies, 2008

g2\ F](BY D) B o B B 52 B 4 /A F](SGCO) 58
736 MWhiYEE JfERENS 5 A123 SystemsEi
ZBB Energy % ERE M AT CHFHPESE
HEfTEERETE 5 Boston-Power A 5] A TEAE FIE
S PR B T - H ARENAXS =] Br 85 ik
M s8R AL > ST > BRAIER KROKE
AR 2 Y bl I S 7 85 B T R A B 2
Rt SRR AT 83,0002 » 35 15 i i 54
FHEEM B A E4Y130 mAh/g » BT KR
KIJEZ IERA BT 22 158~159 mAh/g ; 28
FHEZ BRI - 8 N B 2 kR SRR B - B KR
BEAE S HEE 2 R 2 B 1B e T - R
g et o HA01385E L #1558 Eh ) $H T
REEMETEEE18 Ah (150 Wh/Kg) - BifiH
M2 $85a 8 02 e EREHE - 22t 8L
e AF - H &S Ry H US| 7 f% DL E(SET-Plan,
2011) o A5 A —JEfE S HE AT T 48T
B - RyEEIE—E H UL S-markilzs
Z s e R R PR UREAE B aH - (H AR
RE 248 B mIES H AR BUR 2 /il - FLEEMAH
W A — M2 i B 2 FH 2 RE 240000
& AT P 4GHEEES T & e B~ H R > R B
BERY - IR HAGRRE S MAE S 0 FHIR R IGRE

JE\BE 2 (ARG 2% - H 1% A DU K 2 B A B
AINEA S IR E BS54 &M - [k
Rk BRER R R ITZE - 540 AT
17—300 kWGBS B4 MIEAabeis 2 E LR Il &
B A BB 4 - BN EERIA R ER

T PS8 B B 2 e B TR R 2 # P FERE 360 VI

SEEEnvia Systems#E /MR A FIWEE HIAE
BEEAIEN - B E SN EM R
22 HATEMAWE - B SEEHRERR
A~ RIEEE TR RS E AR - EEHI400 Whikg
HIEREZTE « HH BB R A =1 AR & S A f2 i
MEHE SR EEE - WIEB G0 foaE o %
G Bt (s EAth B8t 2k 25 S AR e BE AL B AE
AR - HERHEAYLEAFE B §4E Envialy
Bt AT RE R AR 10357T - BU A1 THE30057 B(4483
) o MIEERAERY80FL (491294 H) (Nair,
2010) - AT 7p i EE Y S EE - B R B - v b
ZIER > REFEFEAEE10-12 GWh - [
SEMEM b e U R & # (plug-in hybrid
electric vehicle, PHEV) Kz ZE &/ (electric vehicle,
EV)IfER] - PHEVHYZ B A #15-20 kWh ~ EV
T #E50 kWh -

1.2.2.1.4 WREH

R EEAEEE T (Vanadium redox battery,
VRB)F i 1980 AT 55 2 1y B M 7 B el R i K
B (University of New South Wales, UNSW) e
19964F 8 j|Pinnacle VRBEUE-UNSWHYVRBEL
FIRET $2RE T H A3 & 8 T.(Sumitomo Electric
Industries, SEI) » 18 SEIfE H A HEE) 24 T5 1Y
HZETTVRB RS G B R i BB 58 - 2005
FSEIA 1S H ANEDOR Z &) » gt
SRR B K Y S EE M (B BE A 4 P S U RITHT
(Tomammae)E BB 15 AL © 7 R 4REHE T4
MW > g RI#6 MW » GERERFRE1.5/NF » o
T2V BE 35 A 1 e 1Y Dh s H (% VR S5 A it H
AHokkaido&, » HiJ-Power/\ & & &H#HE » 388E
IhZ 532 MW) » A& 1.2-3 « VRBZERAEIFHY
B R B A FE270,0002X - Sl R BB R RE £ 4
SOC (State of Charge)RYB[JFFESHIEE » 20084
s EAE AR -

HIZ A VRB Power Systems/\ &)1 & HUR R
M ARG GRS B AL A N B - 1
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35 T 1 1 [ ] 1 1 1
30 1"l —— Wind Farm Output ‘
s 25 | —— Redox Flow Battery Output i
S 27| —— Total Output i
S 5 4
5 "
8' 10 ‘N - P | m T
-1 5 4 2 H
(o] I | ]
0 hpert] 7 " |
& | Wi 4 R '
-10 ! : i L1 : !
12:00 0:00 12:00 0:00 12:00 0:00 12:00 000 12:00
20061 1/21 2006/11/22 2006/11/23 2006/11/24

1.2-3  JEESSE AN EMNEEE LR
&KL« Toshikazu Shibata, 2013

2003411 H &R AF|EHKing &5Hydro Tasmania
G 2 B ERE R SRR & B A ERYH
B EERE 2.475(200 kW /800 kWh2 VRB-ESS).
IEFGE Tl AT » HEVRB-ESSHY(EFHEET:
King & FAVR G ELRMMERE » (ERIEEZR
SR e LR D SRS B B RO - R
YRRIE FH R B R PRI R: - 121230 -

2 120042 H VRB Power Systems/\ &) X
FyCastle Valley, Utah Pacific Corp/\&] /&7 1250
kW ~ EEREZS 8 B2 MWhIY 2 HURR BEERE T &
&0 AR ERR T HIIE S PP 2 - TR
K VRB Power Systems/\ & EHS kWA LK
SR RE BRI Za e I A R ER I A FH BRI i DA
HEFE(SET-Plan, 2011) -

Bt Al Cellstrom GmbH /N E]{F20084F 1 1h
FEEEHI10 KW/ 100 kWhity 2§07 AL EARE £

#21.2-3  JEEE RESHERS

45 > BEEIEHAER A E80% o Wi EiSolong AGHE
RAFEE1ERZ R G RGRE e R E A BCE M
TESTH BN E Y Fe BB G » (F B A 4 th 4 e 1T
FEFH RED © FRAh - R BRRREAY A A L2 2
FEFT » (E2002 4 FRAAEETT 2R (5 A5 B R
SEADEII 2 48 8 Y IR ST B 28 TAF - 122006
FERIIIT 10 kW4 LR (R RE 248 2 Bt
54H 52100 kWERHT R FERE M 247 » 7T
JAERRE B F581% (Brad, 2011) - VRBZ &
ay A ISHELLE > HEMREE B ] & 254 LA
b AT100% e - BERG REREIE R B ALY
F5$620-$740 /kWh (SET-Plan, 2011) -

H RIBI AN ZAE I FE AT S th 1 A 2 R0 (58
RE M 2SRV ZC BB 2  DARRSEAZ Lot 38 By
A A BT RS PE R N SE ST TP
T BRI ~ HR T B b BT Ul FH Ui

AR AR ICIN I RERE 28

HE g B FEEHE

D 8 hr/ & 440 1K PR @$0.571  $91,500
[ECEERFRCE 25 L/hrfE{E5HE 440 U RS @$0.57/1  $83,200
e UEIR” AYEL 1,100 kWh/R 246 IR ¥RHE @$0.571  $51,200
FEERafEE SRR R THYIFR DI 12 hr EAWRNGEEEL $23,000
4 $248,900, 354 0] DA B AR %
VBRI 4,000,000 kg/yr CO,

99,000 kg/yr NOX

75,000 kg/yr PABEAR S8 BRI S L&Y

2%} © SET-Plan, 2011
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SEREHEE SRS o (B N REA U IR RS AR 8
ToiFE AT - TRk e R R A R A o DU
#70.1 USD/kWh/cyclefya] p2E(E HZ » FHH
#£50.025 USD/KWh/cycleffy gk A< B 2 o

1.2.2.2 [RIHRE

DAE T B AR TR - R B AR E
IR AR L 4 ~ DR = B RAS R ~
/D2 BT R AR IR R TE 1 2 R
RER o INIL - 320 - HAS ~ BRI R H A Se e
Z oy Al N SR EOR RS - WREE A SRR
WHE% - SEEEERTE R SRESETE T
H A EAE2015~20204F G E N GREME T » 1
2040 /e F K S G REIRAY H AR - H Al
AR BT R EA S R TR
AGRERMTTE - MeKFEE " SRR
&R Es+EE | (International Partnership for the
Hydrogen Economy, IPHE){&EK » [EX @ EETR
RIEEIFEGERIBIZRAREM ~ B ~ InZEX -
W - BREE VAR - TEED - OKE - BIE - R
o~ HA - 52~ B - B - TEERAISEE
EH > THEIRREEHEZEZINAESIENE
2 o HEAh - SRERY A HE AN S BEAE &R
BEOAEE - BT 0 #Ub2014F4H > &
BREITHRI ISR R Ry 1871 » ST EENEE
R4 5 HARHIRRR M S B F 20257 & iz
F200:55% > B EAE201SF #1001
Gk 0 202542 51,000 - R SRR G A
N EEERINEASEI 2 ERAVER - 5 [2EREY
& A (Nair, 2010) -

TEER R - WAREE M B S AE 8 T RAZRE TR

FefieyEesE - [FEB 20204 HAZME] -
THHAG I HE AT A @ o By T RE(E20504F K
80~95%I1 % FAS(SET-Plan, 2011) » AL
i RFBEAY SR - BB N ey se TR &R
K HECRERER A2 2 RETR AL IE - R 1.2-48URME
2010~20204 AL At Ay 14 A R S HU oRofc) B AT
EE @) 5 (light-duty fuel cell electric vehicle, FCEV)
SUMEER HFE(SET-Plan, 2011) ©

1.2.3 BEGAE

1.2.3.1 BE I EERFERE
A 1L B BERE (superconducting magnetic
energy storage, SMES) 2 1| Fi 8 5 45 e i 1 R 7

oK R PR AR RO i B B RE R AR IAANE
HESCEA F R o HHA R AR Pl R R AR T
EHAEFRET > FERREREEL—REHE
R e L ~2{E 4R 8 > IR B AE R SR IERE N Rt 1T
RER > HEIIRSHURERRE M HAMERE
e R R PR 2 E M AR A B AL R
B -

HATSMES T Z 2 H & A S5 E ~ TIEE
F o 256 - EEFIH AR S TH100 kWh
FRAVH A BB RS E R - AT
i~ BTEM AR S R R R
Gt FEE ~ SRR AT R B
HEERESEE 25T - EBIIGCHIAMSCAFHY
B E AR E(1~10 MD)ERGM(E - AMSC
4N E) H A IEAE A 8% —fE 0 B 25 LR A A
BE 22 41(D-SMES) » T HAThEFET LR

.

F1.2-4 2010~2020F 0 eIy MmE KSR PRR 0t SR B e 2 SURFERY H AR

2010
BHEDRE S 1.8 kW/litre
ERTRLER T ER B RN A 2,000-2,500

EAREEFEE 1 kgH,/100 km

SZER © SET-Plan, 2011

20155 2020 5%
2 kW/litre 2.4 kW/litre
5,000 h 5,000 h
60% 60%
0.9 kgH,/100 km 0.85 kgH, /100 km
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fik, 2011 5 PREREBLHILSE, 2008) © [HAD - HA
2004-20074 8 B 14 AS F# RE B 5 ZU 5+ (NEDO
project, JEY 2004-2007) » BE&£10 MVA / 20 MJ
HIESESMES 224t » B LA/ i B o H{sE
Y AB B L 4R B AR B NDTI - HEE R AR LR
FHEHYRORIRRE - HEr AR 2 &l 1.2-4F R
(Tsukamoto, 2008) °

EHEEJFEEDOE's Advanced Research
Projects Agency-Energy (ARPA-E)ji*2011F&
B —IHESMES Z 4 At JE FH X B4 MW S5 4]
Z R AETE o AERE201IF3H2HE
BAHJARPA-E Conference | » Fi+ T F2/\H]
(ABB Ltd.)EZE[E] ARPA-E Awarded Projectsff
EA208 ES 0 W BIZER Brookhaven National
Laboratory ~ Houston A 2 J7 i 2 45 i1 Bl it pg
SuperPower&{F » #8723.3 kW/hiy U8 2y,
REFEREAYETE  BEFEAER34 M)~ JURE
4.2 KT W30 T ZRMIEERRCRESS% LA
b BERIBRZ A REFE % 2 B R » R2KH
[ e B KRR R 1~2 MW/hELEL L
EAE 24 TR A] BLE <2 3t 2 IR ] 2 FERE %
HeAn - HMEIKTT - BREAZE RS -

HAT2IK FEEAISMESHEH © EEE
H/NH|(ASC) ~ HA{E A E T (SEI) ~ Brukerf:
& - Southwire/\ 5] ~ SuperPower/\ 5] ~ {8 54
HEHEERMT(EAS) 55 - ERSMES i 5 15
FREER - A ERE20104E/Y3,0008 £ T &

Inner diameter ().69 m

Outer diameter (.94 m

“H PEREEI104FE6 4

FI20155(Y3,900 & = (P EUFEAELE, 2011) -
TE2010FE- 2 ERSMES i35 - M HIIE i 547
FHH39% ~ SEARHNEE 525% ~ BOM R R IEM
il 5 36% o 11 B (A AE TS5 AR IRAH S At
RAER Il HLE - T3 78 J18/N(SET-Plan,
2011) ©

1.

1.2.3.2 BBIRESEAE

A E R TR E B 2 S R T
RRHY - AR R ER DN o SRR R
TER LR ARV BB AR 1] - BRI | 4 (B B i
B R T EMEE T o (R R
R FTEE R R g - SRR EE - R
BRI R /N<0.5 mm) > fil_EFRAIFR I
R EREGHE - R AT E AR EA R -

H A Wakkanairi &I R E 40
5 MWHIERE 24 - HERFA1.5 MW i 85t
FI1.5 MWEEES [ B8 S AR & FERERig (SR ARK,
2011 ; PREEEBLHTTE, 2008 5 Brad, 2011) °
DOE's Advanced Research Projects Agency-
Energy (ARPA-E)JR1A201 147 535 FastCAP
System/N H]4YS3SEETT » R UFORIRE B E
ZHBRER - LRI E R B R R s
FE o BIRFEEAZEA B K EEREY
fEER Sy o HAl KRR R EB SR &8
JIH R BEAAR R RE Z1 48 2 AN (Brussels, 2011) -
M FastCAPA | AL FE 2 ZRORERE B ik BB 4R

Rated voltage 6.6 kV
Rated current 1.4 kA
Maximum field 4.4 T

Stored energy 20.7MJ

Output power 10 MVA-1

[B1.2-4 HARBHE 210 MVA /20 MIHIEERE 24
£ Ekl ¢ Tsukamoto, 2008
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HFHOBEL BRI EEREZAHEBR
b MR EE BB E AR E TSR Z
R BB E AR RS - HAFR &
BRI FE R SE R - HERN S T PR -

Fr ¥ % -,y ] Neescap /2 2012. 015 i H1
BI00E ETTIL R N3 ~ BN RROHE
BT E 2 4 #E 25 (Industry Information
Station, 2011) - fR¥E i 255G 2 A HY (2011-
201645 ] 8 4] B 25 e M A T 855 0 AT R P &
=St ) BUR(EEM, 2011) » FEBUF
EOFTHEIHT RE TR MOAGIERAR - T(EH ~ BHY
i~ BEZFE M S SRR E R
EIVECR » FETARR T FE2AATRAREDN
& A(Nair, 2010) - f£32E - FRE Jakat i 8HE
AR E R E TR Z MR R E R E R A
75 Graphene Energy, EnerG2, Toxus f;FastCAPPY
%K 2010 R EREE AR B A o T RIRATS 4.7(8
EIT 0 R E R e L FORTHETIR LA B A K
> RKSENUESFHEREE20.6% &
FEAL > 201 S RE AT Z FEE LIS 12(835 T (BCC
Research, 2011) °

[ A 7 S T o FU 3 EE YR ARt Z B %
W ESREEIR R R AR EAE & S @ E Ak
KSR GBSl - RSt SEE%
FERFIE(RE R A9 KI/L - DARE 130 kW/
L) - HE—JTLIFERE1~100 V » AT
S BRI CINER SR i B B R R B I AT
A IEMENR FURHL R HEARE R o ThBEA LA
B EB S AR B AR - SRR IR B A AR
REMER SN L GhE - B S Bs 28RS
PEAFE - 2Tt EHEEEA] -

2. RRRERR MR AR RIFIERS

MRS SE B B I 2 1 @ EPRI 20104F Frie
Hi#Y T Electricity Energy Storage Technology
Options | e » TEMEMRAE 2 NS AR EEE
HEMW)EERCA » A1522. 1577 5 IEA 2014
HIgaEt - EE KR RIAEFEAVE I EPHES

HIFEE AR A B 500-4,60035 /KW (322.2) -
TEEALEEREERE T - HAT— R AR/ IR

HENAEE - JEFN (BN - fEEEE

HAGETE - 222.3 5% H 2 ftre st R M Rl ER

oo

3. e SEEREARIKE R

FH 7 B R S R R AT bR T & 35 & -
BR4E 75 REERE R 4000 » HERIT A #E S
%~ H ~ REIREE B EF R R & BN
FELTE KT GEREREIRTE - A HADE
e BN SERR 2 SLHERERE 24 - BRI {ERE
7 R LS 0 1 B AR5 I A9 fo E 352 6 L 2 47 g
P o HARBUMA2012459 H 885k T S sE 5 IR
BEERNE | 0 THETE K5 AE S8 BE20204F 2 528
GW > 20304FZHEF(53 GW ; J& )7 8820204
FUEF(S GW ~ 20302 F(6.7 GWHEE - &
R AR RETR S LR N - AR ERY R
HABUN RS R B (AL - WA B RERE R
JEF » BRI FIRYRERE BT g S T4 - [F
75 5 | SR R BREERE RT3 /2 - 201544 »
ERRLE) T8 rE SE LAY A AR AR TR GERE IE
H > HLfEREFEH 2 B At s ke - JHE N —
HHEIFE100JK FLAVJEEE ~ 40JK ELAFSAE ~ 14JKEL
Y 5 ke - BE R SR, S L U BB S R RE 8
ESAATES

TR RE R BCR 484 Y 1004211 H3H A
100 DL T HECRAZ S ~ TR ~ T SkAE (b
BRE - B BRI R E ) (R RS TRE
FE S B E) E il o H st e s H AR
TR~ TRIE UL R AR BRI 4R R SR
RENG ZHNE e I HERS - DABAThARRE E T B EHE
i o OB I014E2 H29H T AR IR B SR Bl
ARk e S e e EN AR & AUHEEh Rl - 58
JHE R RITYEE T ASREE - #EH
R Ry RAUGERE B Z A RS RE TR E TR oK » iR
SN AT AR R 48 for#E A - DAF20304:
THEMW~GWER (F#AE K BB A e E it -



182 SEERAT £-% F M DPEEB104F62
2. E H| B EE SRV ET 13
2.1 MWELR 7 A [EIFERE R4V b
e - 2B G AR [D&N
-:-/i(‘ o= M I e W = W
Blg | PONE | BRMWD | DR pad | g | 5AW) | (SAWh)
RERE L FF R SR vl A RE R —HAS (L
— - 1,680-5,300 | 280-530 | 6-10 80-82 2,500-4,300| 420-430
7 Al
5,400-14,000| 900-1,400 | 6-10 (>13,000)  |1,500-2,700| 250-270
=i - R4 . 8 =3 960 120
\ 2RALE | 1,440-3,600 180 “
ZERGT) Bl 20 (>13,000) 1,150 60
B2 R — 1,080 3 8 =l 1,000 125
() o 2,700 20 (>13,000) 1,250 60
S-Tii EER 300 50 6 75(4,500)  |3,100-3,300| 520-550
EER 200 50 4 85-90(2,200) |3,100-3,300| 520-550
SofEsliE | L 250 20-50 5 85-90(4,500) |1,700-1,900| 425-475
JE T B 400 100 4 85-90(4,500) |4,600-4,900| 920-980
N-2UEE | iy 65-75
= FE TR 250 50 5 (>10.000) 3,100-3,700| 620-740
N
ﬁg&;‘{b JR TR 250 50 5 60 (>10,000) |1,450-1,750| 290-350
-
ﬁ%ﬁ?{h g 250 50 5 75 (>10,000) |1,800-1,900| 360-380
72 4
%%T%% IR 250 50 5 75 (>10,000) |1,440-1,700| 290-340
ISOPR AR AT 7] A= 5B R — RS LAV RERE
_ 85-87
ety Sitis) - -
Tty AN Al 5 20 0.25 (>100,000) 1,950-2,200 | 7,800-8,800
» . 87-92
i Nl 25- - 25- - -
SHEET | TR 0.25-25 1-100 | 0.25-1 (>100,000) 1,085-1,550 | 4,340-6,200
: . 75-90
£l Nt 25- _ 25- - -
SefEslie | B | 0.25-50 1-100 | 0.25-1 (>100.000) 950-1,590 |2,770-3,800
Rt e B L IR IE TR 2 58
BRMEZZ R . 1
(HiE) I H 250 50 5 >10.000) 1,950-2,150| 390-430
SeifEsl e ST 3.2-48 1-12 3.2-4 | 75-90(4,500) |2,000-4,600| 650-1,150

2 EH} ¢ SET-Plan, 2011

itl ¢ EPRIZHid PRVEIR(5E - BRELITHIE

=E
X

Rz -

FTA SRR - BUE IR (L IERG I 4R 20 1 05 AT £2 (L A 4R 27 B A Bl A (1 L

o HoP B ETHIRTARA GRS - Z2EHIRA ~ THERSEER A ~ FEAY LA
PE] o BAAVEE RS2 LA

BhEmMzEs A -

wE

S A TR Y 102464 F 95 1 P 4 AL
SEGBMEIERR - 6 A B - K
BRI - ERED

BERE -

L 48
s B

BEEWEEER
[ BBUERIT - BAMBRARUA R RVE - HehaiE

MR ES > HAERIRES] S bE—ELA
e > ek 2B E R - HATHARETR
FEA IR - BT ELI28% (k) ~38% (HE



XS BES &K LIRS ~ BAL | BIREERINTTSEIRREER 183

#22 FREBRERIT A - B RIER
WO PHGRERR A 3
S A S LG SHERD)

) /# [ Goldisthal5125 ; H A Okinawa
o 25 &S 50-85 500-4,600 <l Yanbaru Seawater PSH Facility ; 275

K3 7 Pedreira PSH Sation
fllZ= K Drake Landing Solar
£ S
12%;,: fitas 2N 50-90  3,400-4,500 éiﬁ% community ; #fz{Akershus University
R

Hospital and Nydalen Industrial Park

BR = .
BRdfe tz& B3 27-70 500-1,500 AR ZE[Ef Alabama Mclntosh ; 7 E§Huntorf

N
bifgEge  (H4s ZNEE 50-90 100-300 EP)/E’E}@ F}ZEMarstal district heating system
=&
IAEE fitas E 40-93 400-700 ﬁgﬁ’@ PEHE S Cemasolar CSP Plant

SR BB (SEE N Presidiofll H A<
43477/ Rokkasho Futamata 5155) ; R EA
BEA9RE  (H A<Sumimtomo's Densetsu Office) :
7 5 RS E M (EE Notrees Wind Storagefs;
HAkkfE 8515 5 BT EM(ERAES Laurel

Mountain) ; #5497 T (ZEAutolib)

| fk&& B\ 75-95 300-3,500

SFZERL - Maria, 2014

*23  fEREEIM R~ oATEER

Fffir i A4 24 ,
- IRORR 24 RE s Y AN S——
GRS | rgemrerrms | poome | BEATVN | o | POREES
é\ri{aﬁﬁb
Y I == A ~f —f ~f> 5,000""
(i FEEE S 6007¢ 1,200~1,500%¢ 4007 AR 20,0002
ISEEN
i Gekves 40%~50% %%;jfgo/jj " 68% - 80%LA L
H R AR
Levelized cost 127¢ 77C 17C — 0.9~3.67C
(TWD/kwh/cycle)
11 5%, A
HAE/ AR | 30%/ 50% 50% / 80% H f’%gé\ - 100%
_‘ /

BRI © TRt e e R

FF) > KEGOLER Ry 14% - RN AREERE  MEARIEREHRE(Peak Shaving){EH] > HJ[#
FIERIIRE - A ARG AFEERERE A BN - (EZRIEE FH BB Y S st R A KRS S pleAs - Bic &
P EIEEH AR AR - X ME EEERER A ET R > RS H
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Y o ARIRGUEEGG/H A B T Hm H L~ EiEEl
PEM R eI EE R T8 & - H g EHEE 7y
BZR B & ERE 2% - AR KR EERENT S B REET
AR

1. {(¢#EEuropean Commission 201174

TH PEREE1045FE6 8

77K (Brussels, 2010) « HAREREEE T — 830
MWHYE/KPHES 2247 » 15 B L4 TR 199945
GIE(E o FIFEIKIG - DURERA EHE —(EE %
Y8 sk - JB/KPHES 24t AR KHYE

(Industry Information Station, 2011) - {FPHESHY

fet - RZKPHESHT &4 BB L HUR B A7 EL

oy o HIEENFELACGWHHERR -

HA

PRI S5 o JTE AR e B Y S R R BRATEER A N S B E R B A » 73508
3.1 ANEZHHEERE 240 /ER & DIy B AE 2
EFER AREE / Al THET A& IR
FAE s 24 - FRIEEE R EEAGREREEA -
SEAEER B AN - DRSS RR A [ 2011-20 129555 K IR ek b
Na-NiMx
— . | B R EERE R o 2011 defE4H s,
FEREIAR) |y 25 20120 BB I M,
S e il I
ﬁ/ﬁg/&?um {&&Kﬁ%ﬁ 2011 dCTE\‘\\\E_/EHDit
N LS U
R (ER A 2011 defEiga: izt
S ZAtrseth N0 — 24
/1§:cn_—|:.7T<\ T&}ﬂ?ﬁjﬁ@%ﬁ%@ 2011 2012% {Eﬂ?é’iﬁ

IEHEFT Z4RE5E > DB BB R R4
RSB R B E T

2015 SMW 455 i 530

ENSHYEEE

WTHEAT | s e
N _
S ENSSLE R
A | e 2012
S B By e AU e
DR E%i{%g@ A 2012-201 3R #H5 R
PG \ N
SRR R 2011-20127F5 5k
%ﬁ%ﬂ@ﬁ%/& 1&}&21§ : %ﬂﬁfa%ﬁ% 0 O %}J E;‘ﬂ_j ﬁ%
e 1 s Bl AR I
A 3 eyt - SAH S
e | R B B e FRAORIE et e
TRORBRGAZER | 7 opan) g s A 3 - 2011-201 27 HE5 2 Ml
[‘E:/JJJIE_‘:?'TEI% #@%*4@%5;%%@%3@%%% 0 0 TEE%% }E/EJ f‘
> o = RS Eb /L
%’%ﬁ&f E%*?%BF”Z%E* 2015-2020
PH-ZEREM | (R SREEEE
IKMEBR RSN T | B e A/ N B RS4RI 2011 fEIRZ & HIT, 2012-2014
REHEE {EREA, KF5dn pEsR b

S8 © SET-Plan, 2011
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3.2 A EMFEERATN BRI EEH 2 R ELRe

& FH -
o EAEIICEE
o Sl @ EAS HAEE > nI5EME
o EERISCUIEAGRET / RTOT G2 8
e - 5E R | G | SR (%) HERA DN
=¢“ e
Bl | POME | vqwhy | Mw) | () | GEEIED | SAW) | (SAW-h)
FRYEZE 4R, T
‘ SN bl 250 50 5 >10,000) | 1,950-2,150 | 390-430
Gt L) | (>10,000)
AL — g 75-90
gl | R 3.2-48 1-12 3.2-4 (4.500) 2,000-4,600 | 625-1,150
B-H - 75
o eI 7.2 1 7.2 (4.300) 3,200-4,000 | 445-555
e 2 TR 5-50 1-10 5 60-65 1,670-2,015 | 340-1,350
X JIL X/ INIREE (>10’000) s s )
o | By 4-40 1-10 4 65-70 3,000-3,310 | 750-830
LA JIL X/ INIREE (>10,000) s s
/5% 75
o 4 1 4 1,200-1,600 | 300-400
MLV Ui (>10,000)
/72 W 5.4 1 5.4 5 1,750-1,900 | 300-400
(4,500)
- T 90-94
SHEET | RO 4-24 1-10 2-4 (4.500) 1,800-4,100 | 900-1,700

22%H} © SET-Plan, 2011

TE/KWE1,50081 TT/kW » 3 5 70~80% © A3
1£2020-20304HY H 12 By 2 BEA LAY B T B 5T
BBt BCR I 5 2050 4% H AR Rl
A R AR5 (Brussels, 2010) » A [E#T 8
AE %248 < R&DHFE HIRENHAE » 4133 1F7
FEANA [FI ERE 2247072 B A e 26 FH 2 R Bl
B ESERIL2

2. (EALERRRE B T - (DSSEREE M H Al
8% & AT AL L B B (Pb-C) | » HF
HHVERA - HEEGR - RERE(S R
1) ~ B A RS E - RN EER -
W ENE AR - HM I ERIE - EEE
J1(AEP)Bf % H[E E AIPb-CEM £4% » F R
JE\EE ~ KIGRERVRERERIBE R EIR  ¥raarh
EFINPNM A B Y AR5 AE AR TH H 7220114
9 HEOFA - iz i 25 B P R AR v BB R R

PR © 500 kW KIZAESEE ~ FAEE S 4Pk
500 kW s EREHT A S i BE - EEL RIS RE S
L EIRE RS - Q)# T EMER L H
JERTAE ST » FREGAR T R RHERD

PRI 2 M BB I O OB AR R AY3CE
AN RARAEEBE ~ KEGeE - EI%E - DL
FE BB RGN L #A NN
R o R [E]<EIE Ry $ a1 S S F 2 K
INEREA — - BUELLECEENE - KEGRE ~ B
TR AR H 20 - ] DU IEMAORHY
JHFEARELLEE - ARI% H A B SRl 4s S tH T
(IIT)HYTEM] - F2015F8F - RERAVEEIHEL
372.685 8 - HrfolE R & EE H(HEV)&Y227.9
% B > SIERBEEV)Z14.78H - fHEUH
&R & Hi(plug-in hybrid electric vehicle, PHEV)
RIZY30 &0 - sHEkE TSt EH R PHEVIN A &
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A[#£15-20 kWh ~ EVE[Z50 kWh » FEH| T2
RS T B F20154E » B KHEEE B 35
GWh -

FRAZ SN e b 7 A (Lux Research)y
& HEE T EM O R BN E SN S
iy - EEE SRR ZoriEHEE TEEE
F > GLFEE T80 & BRA 123 8 Hk T B Y &
ASRIT > [AEREYISO (BB M B 0y B EE 4 i
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The Current Development and R&D of Energy
Storage Technologies

Yu-Chang Liu'™  Yu-Zhen Zeng” Yung-Fang Lu'
Chin-Chang Shen’  Jen-Chieh Chung’

ABSTRACT

Energy is indispensable elements for economic development and civilian. Taiwan is relies heavily on
imported energy resources. Therefore, developing self-independent renewable energy resources will be
the primary focus for Taiwan. For some renewable energy sources, such as solar energy and wind energy,
the applications are limited by weather conditions. With the increasing proportion of renewable energy
sources in the grid, the instability and intermittency of renewable sources causing unstable energy supply
are underscored. Introducing energy storage systems into electric grid will enhance the demand-side
manage efficiency and eliminate the difference between peak and valley due to electric power consumption
variation in days and nights. The energy storage system provides efficient utilization of the electric
equipment, enhances the cost reduction in power supply, and promotes the applications of renewable
energy sources. It also can be considered as a means of improving overall power quality and reliability,
adjusting frequency and compensating for load fluctuations. This paper is focused on the development and
market profile of energy storage technologies on current status. Applicable overview, international energy
storage installation costs and system prices, R&D focus and planning of all energy storage technologies are
also introduced in this article. We hope that this paper will be a reference to the related units for the future
energy storage industry in Taiwan. The government has to create an environment which is beneficial to the
development of renewable energy and grid energy storage system with technical guidance and industrial
encouragement. The ultimate goals for the above-mentioned issues are to improve the capital accumulation,
the development of new industries and the increasing employment opportunities. This is eventually
beneficial to the economic growth in Taiwan.

Keywords: Renewable energy, Smart grid, Energy storage, Pumped hydro energy storage, Compressed
air energy storage
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