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d Interconnected Central
e Station Generation
[9hriyrl 3 — T

and-alone
[3-4daylyr) 2~ Ganeration
(1 mofyr] 1

0 . - >
1900 1950 2000
Year

a9 11 ™ FEe AMA 2= (W= EPRD

CAPITAL COST ESTIMATES FOR EMERGY STORAGE QPTIONS
Total
Technology $/kwW | $/kWh | Hours | capital cost
(/M0
| Large: 100-300 MW 390 1 1 400
CAES
Small: 10-20 MW (geoal) 400 33 E 500
Conventional: 1,000 MW 1,100 10 1d 1,200
PHS -
]Llnderground. 2,000 MW (goal 1.200) 5ol 1d 1,700
LA 10 MW 150 250 2 650
Battery |Advanced: 10 MW (goal) 150| 150| 2 450
Flow cell: 10 MW (goal) 157 109 2 350
Flywheel [ 1MW 200 200 2 200
SMES 150 150 2 750
Ll 1500 150 1 min| 210
pacitor
ﬁydmge 100 MW {goal) asg|  asof 10 750
2~ =]
a9 12 dA A red AAAd 24 (4 NEDO)

o HFERE Adp] e AALAUALE JIEE FHRH, £
b 100068 BERE Awed] slelste wd, Al
A, HFF 5 FHS AAHoE 28T F g AANUA Lol

= Qs AERs AgdY slewst dA5 e

F LD =l AU b Mgk A 7= (A4 F A

. SE=FSPN BN o bt HHOI 2 o o
= (16¢C) (=) - S JtA s
Peak JIOIE (%) 100 100 62.2 42 .8 40.9




3. CAESY 84

o 1IGWwY t&%F 2 AH7s AFAI =¥ CAES(Compressed Air Energy

=
Storage) 2 == d=37] A AL .

Off Peak ;
Electrcity In ! \:aal‘uhy

; : lectricity Out
a | “3 | f i
"' = = G

Not to Scale

Limestone Cavern

-

Alr InfOut

1% 1.3 CAES /¥ %

o 4L H A (PHS, Pumped Hydro Storage power plant)&= Aloke] gk d2 &
o] & Aol FeAA HFFS Aol Eddows, dAAQl
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Required Storage Volume to Generate 300 MW
(12 Hours Pumping, 12 Hours Generation)

0.28 million m? of 7 million m? of
Compressed Air Water
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o kW9 Add7t7F 71& duyA A%

UA e 2 A ge] ST

ZAAY Fly Wheels®th stow o

o AP Age AFEF DL AAA BA(YE NEDO 2 ICREPQ, 2008)°] ¢
st 100MW ©o]/ge] tiqti oy A A o] 7legh FARA dFE7]duvA A%
(CAES), 42 Hd(PHS), 444 (Hydrogen)ol 1o, AAZEA AaedA 4=

71U A A gl Fauralolt SaA gl ma AAgel Qe Ao A,

_—-—_1

® I Pumped hydro
3 Batteries ( lead acid, NiCd ) I
S L
= _— e . . -
7]
2
2 Flywheels NasS
© \*\ I
= N . . - .- 1
£
8 - I Compressed air
p 8 Superconducting | —
> © L
E 0 _____
s >
» A s it Flow
upercapacitors :
batteries
s Micro CAES
[-%
=) | — |
¢ Hydrogen sTOTagl™ == ==
a Power rating
kw 100 kW MW 10 MW 100 MW Note: the width of the bar

indicates storage capacity
Development status of energy storage technologies

a9 15 7 Aoy A] AGAAd ¥ s A (DTI Report, 2004)

¥ 12 ZF AFoyx] AZAAE E EA "
Technology
Characteristics Pumping Hyd. fuel
Batteries CAES )
Hydro cells
Power (MW) 100~3,000 <100 100~3,000 <50
Energy (MWh) <10, 000 <500 50~5,000 -
Charge—-disch. Effic. 80% 50-90% 75% 20~36%
Life-time(Cycle) 40 years 10%~10* 30 years 10* hours
Price(€ /kWh) 35~70 70~4,000 10~70 -

* Ref : "An Overview on Short and Long-term Response Energy Storage Devices for
Power Systems Applications” presented in ICREPQ 2008
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o AR oA LE o] gt AALATA B oA FFo] B 32, ¢
A e Agols A9 aue 24 JhestARt AN UA = Ay A 5
Holl Qlo] oy o] WASEE AH AL Foo 2F AP FHFe=H A
b 2 E Thedol ==

1 Power Generation/ -

Power Demand

_ Energy Storagg

ey = e e

1000 MW / day

\ ______ s m | :':":J'_'"'o'c‘:”r&{» pans
F O "’“«ZZ,% ol
Systems L[] !

Discharge Storage -
Renewable Power B
; 2 w1
Generation ime
Wind Energy Production (Germany)

9 Fwe] A At

200 M0
Tima. hhomm

e gAtE W 2 ek sy, olel@ waAe B, A 2 ¥
F 7 240l BEA 22 F vt uAAE Al

1z
Seart Grid H& 3
ﬁ HMBHEN HEEA
[ad=
I 18T \ "
0 12 M ] i P om&%ﬁmcmmw

19 1.7 Smart grid®] MEE 2 AZAA

5. CAES®] 5&3 &§&

O

AEFF7loldA] Ao ok 7hAgHl wAAl~" (CAES-GT, Compressed Air

Energy Storage - Gas/Turbine) Al oFe] off peak A2l A 7]& 0]%6}0% 31919
S TR VMAHENE BdEe

HFT7E ARG T F3H] peak F3F Al 9
Ao q A A3t dxe] stolBej= wAq)



of o] &5 T8 &3 30~40% <J. olel Hlete] CAES-GT+=

HHAE
LNG

Z 2 LNG e
10,000 Btu e
HOpH

0.79kWh 4,100 Btu

U= A=z
LNG LNG
5,900 Btu 4,100 Btu

oo orE
i

z2)

[ 7] TkWh 3

Y579 Lo
=2/ E0e

=

Elactricity
Electricity from to the grid
photoveltaic farm Generator

- Natural gas—fueled
cambustion chamber
Exhaust heat
Recuperator

(pre -

-haats air) 4
R
Water-caoling tower -

Compressors = Lo~
prassure
turbine

High-
pressura
turhine

S

Compressed air storage

wodd A civern

gas
MOtarGenenan
Sarqock

o Owerlurgen

o 55068 AWE + domz FAY Fume] ofd CO, A%e



AopdH & o] &t WA TEHEA AAE CAES, &5 2 33 Al A3
= dYS o] 8£3= AA(Advanced Adiabatic)-CAES % AR F7]4= A A

A& o183 AA-CAESY 7]s< 3838t Micro-CAES 7|Wo] dA A+ R 4

e A GA Y-S Fgeta, Rl Auglo] AFA Aol FEabulx] st
atH, b5 2 WA A dAsk= %% ol-gato] W W gl S FAl

g2 4 9l Tri-Gen CAES A|¢to] &4,

Wind/CAES

1) Compressor
2) Motor/ Generator
3) Gas Turbine
4) Cavern
A CAES
We =56 We=76
Comprassar Turbina Whet =76 [+42]
Of peak ™ Combustion =" e Peak time
alectricity ™ :hambar\‘ t_f_{,'_ generation
“u taenerator
Fucl
~ Qrer=100 ER=42/56 = 0.75
Ambient air = T—;- 2 (+0.9 Heat)
R= tor =
Qcwr = 50 R :’:’—.. Exhaust gas

/—»

o

T
Man-made 3
\ Air Storage )

o

19 1.11 Micro-CAES /My =
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world primary energy consumption
quadrillion Btu

250 History Projections

200 /

150
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Share of
world

’_{/ total
100 ,
23% /(excuding biofuels)
10%

——————""'_'_5"%_‘ w Nuclear

27% *~ Natural gas

1990 1995 2000 2005 2010 2015 2020 2025 2030 2035
a9 23 AA A Av ek A
(International Energy Outlook 2010(EIA))
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o E HY AFFAZ CAES(Compressed air energy storage):= #3%, w43
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(aquifier), & Aol B Agte] 71 &k Zad o Arjg @
B A S e wEol obd sl AFse W
tgte] 7Hal(Garvey) A FAAHE AT oyA] ¥l

of F&= W AAL 7 vithe] AAshE F52 ST EEA FolA A
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AgeuA Ao AgE&% 92 AA4 £4(d¥ NEDO % ICREPQ, 2008)°] ©]

S 100MW o] ge] tit i ol | A A %ol 7hedh FA =M g7 A] A%
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SE71NTA Aol Feddolyt oAl nls) AAdol s Aem £,

323 7 AYoldA AFAAE d 54 vl
Technology
Characteristics Pumping Hyd. fuel
Hydro Batteries CAES cells
Power(MW) 100~3,000 <100 100~3,000 <50
Energy(MWh) <10,000 <500 50~5,000 -
Charge-disch. Effic. 80% 50~90% 75% 20~36%
Life-time(Cycle) 40 years 103~104 30 years 104 hours
Price(€ /kWh) 35~70 70~4,000 10~70 -

* Ref : "An Overview on Short and Long-term Response Energy Storage Devices for

O

Power Systems Applications” presented in ICREPQ 2008
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7 9271 ATERES Sofste] Al £ L FAL Sske] #a Hokel 3
el EARE FA)E BAT

AAA 2 (TE (("compressed air” OR air) AND (ener+ OR powe* OR electr*)
AND (stor* OR facili*x OR preservat*))) not ("air condition*” OR engin* OR
rackx* OR &4 OR ’electronic device*”) OR ("CAES” OR ’"compressed air
energy storage”) AND (lcosmeticx AND |digital* AND Isignal* AND
'photodetect* AND !spoon AND !biological* AND !speaker AND !confection*
AND !"glass bead” AND !soap* AND !taper* AND !drywall AND !media AND
! sportx AND !skix AND !gun* AND loptical* AND !"vacuum cleaner” AND
"air bag” AND !paint AND lexercise AND !animal)
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# 2.11 CAES #& FAlE¢F Top 10

=9 Al 2 oF B
1 Applied physics 112
2 Civil engineering 17
3 Physics 11
4 Engineering and allied operations 10
5 Technology of industrial oils, fats, waxes, gases 6
6 Technology of explosives, fuels, related products 5
7 Chemical engineering and related technologies 4
7 Mining and related operations 4
7 Other branches of engineering 4
10 Utilities 3

o 2001 H-E 2010374 =& Hit A7 10.8¥o] HEFHYoH =

Z7h 24 Ao 2AHY

M
e
kd
)
b
N
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o Fo w¥ AHIE& AHHW Journal of rock mechanics and mining science &

geomechanics(10¥), Proceedings-intersociety Energy Conversion Engineering
Conference(10¥), Proceedings of the American Power Conference(7%), Journal
of energy(79), Energy(63), Renewable energy(63) SolA] @& CAES ## =
o] xE Bow XA,
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¥ 72+ Giramonti, A.J.(5¥), Schainker, R.B.(4

), Nakhamkin, M.(43) 22 tF & 8583 ok AE7t=2 ZAME AL
q =Re 7
- H 1097 #3E Fopol HEUVIEE Lund, H.(3#), Salgi, G.(3#), Fu,

Qinsheng(3#), Guo, Xinsheng(3#) S22 CAES €9 ¥ #x#7], AA(Advanced
Adiabatic)-CAES #-oFo] tigt AFE Fdst= Aoz ALY



3 212 CAES #d F8 Ad/Z=AY Top 10

&9 Ad/Zz A9 5
1 International journal of rock mechanics and mining sciences & 10
geomechanics abstracts
) Proceedings - Intersociety Energy Conversion Engineering 10
Conference
3 | Energy conversion and management (7) 7
3 | Proceedings of the American Power Conference (7) 7
3 | Journal of energy (7) 7
6 Energy : technologies, resources, reserves, demands, impact, 6
conservation, management, policy (6)
6 | Renewable energy (6) 6
6 | The Brown Boveri review (6) 6
9 | Modern power systems (5) 5
9 | POWERGEN -CONFERENCE- (5) 5
# 213 CAES #d FoA42 2 H 1093 A3t =5 28 H5
A 2178 1047 A =& &3 A
Giramonti, A. J. (5) 2010 (14)
Nakhamkin, M. (4) 2009 (13)
Schainker, R. B. (4) 2008 (10)
Mehta, B. (3) 2007 (9)
Abdel-Khalik, S. I. (3) 2006 (15)
Zaugg, P. (3) 2005 (16)
Lund, H. (3) 2004 (9)
Yoshida, H. (3) 2003 (7)
Guo, Xinsheng (3) 2002 (8)
Salgi, G. (3) 2001 (7)
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2. CAES #d AX= AAdAY AT 2 AN A%

7t CAES #d8 AW A4 %

o JhzEN Ropl AL T WUF FWAY TRE

g o 2 3719 F g Ak

AAL0H 7143 Qtell 23H
o 7k2~EHl A5 /S GE, Siemens, Alstom, Mitsubishi &3 5 4% &4 7]
A7) GAe] AL 2L
3% 216 CAES #& MRl =ro] AdA A3
3] 4} P ] 51
ALSTOM MW + AA-CAES project %3}
MAN TURBO MW + AA-CAES project %3}
ESPC Inc. MW & Alabama Plant, Small CAES concept T4
RWE Innogy MW + Isoengine 7§ %13}
Mitsui MW + Isoengine 7§49k % 3}
Active Power up to 85kW UPSE 483} (Cool Air DC)
Energetix Group “50kW UPS 7 %3y
o CAES #& Ax= 7)=9] AAAR 52 otgiel 2s.
3% 217 CAES #d XX = 7<= HAAAL FF
Energy- Power— Balance .
) Energy Commercial
Technologies related cost | related cost | of Plant Effic Maturit
iciency aturity
($/kWh) ($/kW) ($/kWh)
CAES Commercial
) 3 425 50 0.79
(geological storages) products
Micro-CAES Designs
50 517 50 0.7 )
(vessels) available




¥ 218 CAES 22 A E &3
= % oF 4 N8
« 1977338 CAES®t UPH(H|&FA 2 )] 27FA case
of gk A AA] 1981 HFER L AE
PEPCO e oG HAE D.C. 5 oF 30knm
« &9 1 23%F kWx4 units
o AFFAIA oF 620 m' x2S FE )
« A ok 7071
¢ 1977dH-H AFAA] 1982d HFHIA A=
Midde | of| Aga ¢ PAA T F ZAE P A oF 40kn
o) = South s Ed ¢ 2% kW
e A L 5250 M x2(FHHS )
« A%E 1 oF 7071
¢ 1977 H-H AFAA] 1982 HFTH A A=
PSI s dE o], Aoy FFolA e d¢F Tolize] Fm A A
2o n] A A A A
Pittsfield ¢ 1932 HH dElo]F A=A of9] test A A
(N+-Z3)
Alabama « 19889 A A 24 Mclntoshe] d9ES o83y, 177 A
HRsl 24S AAS 4 9= 109 kWH 9] CAESTHAAZAA
s AAH ] A8 ZHEN978A SHANAD
e A4 Byl <
59l H(ififjf . %2 : 297 KW(50H2)
S e A L 1snm e BEE)
« A%erE 7571 H(H )
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= e 44 ¢ Vianden 54 ¢F 30km
%ﬂ—_;ﬂ Vianden |« Zd : 309k kW
o AGAIA 10 (R 5 L 9¥EE)
o A7Fete 1 5071
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o. CAES 8 A% Z2AE

¥ 219 CAES 98 A5 2AdE
= ok A A 8
o ZY4FE 1 X 150MW, Salt Mine,
NYSEG CAES
* 2009~2013 : AAd =

Iowa Stored Energy
Park

e &Y 2 X 134MW, Sand Stone
« 2010~2014 : A 3F&3+ =2 F (~2011)

AH Z.

okn
h=

il

PG&E CAES

e

292 300MW, Sand Stone
2010~2014 : 194 WL T (=

A D G ZIER A
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Ridge Energy Storage

PJTs(2 PJTs)
Shell WindEnergy
Texas Panhandel Wind | « &35 v A
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o ZE R 600MW, Salt Dome
EnBW CASE
« 2007~2013 : AAM =
=Y
o ZHIFE 200MW, Salt Dome
ADELE o A FA(2010. 1)
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5. @7MERA 28 i

7h A gl A BHAEE GEIVNARIS AL FA L

\r

o) 71;5'4/\_9_01]/‘

= - 1t
(9] - A9
1CHA| 2CHA| 5
ZENR Y 4 A
sEE IAHEE | 2KPEE | 3XEE | 4xjuEs b
[2E1] MAXH/AEA CAES LjSES
a8 fpes nores| g 1,027,854 | 890,145 | 1,534,063 | 679,937 | 4,132,000
_g%z orr—_jrg_j _(Elzl E—'—A)H M
5l < A' 5 =2 762,016 | 852,984 | 1,051,656 | 805344 | 3,472,000
AW ABTE N
ZE3] 27| 9= U HEWH AA
[ 1871 25 X Ha2gd A 1,259,852 | 1,041,148 | 2,420,049 | 1,106,951 | 5,828,000
Bl OFM MAI7|= JH
SE4] HUA A=ZI| ME U
[ ] 5371 Mg % 1,051,925 | 1,072,074 857,471 | 499,529 | 3,481,000
2 7|& e
S| 4,101,647 | 3,856,352 | 5,863,239 | 3,091,761 | 16,913,000
o 19A4(2d) AL oAk
(9] = H)
1CHA|
b= IApE = A & oA
He a7 M ozt M albd}
(B2 SHYO4X| LRFAL
. 3,076,236| 1,025,411| 2,892,264| 964,088 | 5,968,500| 1,989,500
OtETI|MAT|E Y
[3E1] AlAXH/AEA CAES
Ly=e98 8= Dn¢UR7|| 770,891| 256,963| 667,609| 222,536|1,438,500| 479,500
UES
352 YA QY HBA
[M M] | AT =2 571,512| 190,504| 639,738| 213,246|1,211,250| 403,750
M OMAH A AZTE TR
253 27| ¥= 4 HeEYH
[ 1371 &% % E=g 944,889| 314,963| 780,861| 260,287|1,725750| 575,250
A|AE OFF MAH7|& pe
SE4] HYA u=ZI| ME
[D *] da w537 A 788,944| 262,981| 804,056| 268,018|1,593,000| 531,000
2 EE s e
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(&9 © =)
2CHA|
R X e 2RHE = &t
e |2t e eIk e 12t

(B2 s{Yo4x| LML
o 4,397,429 1,465,810| 2,318,821| 772,940| 6,716,250| 2,238,750
Or= T K A& T
[EE1] AIAX{/AISAl CAES
Lj=esS2 2 D7||1,150,547| 383,516/ 509,953| 169,984| 1,660,500| 553,500
]
ZE2] ALY QR BBA
[M M] | 2F 2o 788,742| 262,914| 604,008 201,336| 1,392,750| 464,250
MM AZTE JHe
[B53] 37| €= % HeYH
AR i A& Tyt 1,815,037| 605,012| 830,213| 276,738| 2645250 881,750
[2E4] HAAl A=2J| KE
e 643,103| 214,368| 374,647 124,882| 1,017,750| 339,250
=x 2Eo 7|% 7H|¥
U, “siAEE A3 A7Md Micro-CAES A& A2 A AQdAa

0 FLAQ ol

(&9 - =)
1CHA| 2CHA|
S>SI0HHE 3 A
IXpEE | 2KpAE | 3kfEE | 4KEHE

[2E1] SjAZ J|XE 0|83 1
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Rt CAES X2 7|t
[252] £ Zgolc FLs 9%
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(53] |9 ZAE XA 1
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(9] - A9
2CHA
IhAN B IXE = 2XtE = oHA
gq& =l dy HqE Py HqE iy
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[383] /Y 2+ 84 1
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