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(MJ/m) (vears) (cycles) | Efficiency(%) Status
Electric Potential
Lithium lon Battery 594 10 800 85 Developing
NaS Battery 800 10 2,500 75 Developing
Flow Batteries (VRS, PSB, ZnBr) 120 30 N/A 80 Developing
Mechanical
Compressed Air at 300 bar (CAES) 74 20 N/A 75 Mature
Pumped Hydro @ 500 m elevation 5.4 50 N/A 75 Mature
Hydrogen
He 350 bar Tanks 3,000 N/A N/A 47 Mature
He 700 bar Tanks 5,010 N/A N/A 45 Mature
He in Geologic Formations N/A N/A N/A 47 Developing
He 350 bar Tanks w/10% CHP 3,000 N/A N/A 51 Developing
He 350 bar Tanks w/25% CHP 3,000 N/A N/A 57 Developing
H2350 bar Tanks w/50% CHP 3,000 N/A N/A 66 Developing
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Polytropic| ~ Stage P2/P1 T Ti We We Qout TE (Elec (Heat
Exponen mp./Exp. | (P4/P. kd/k kd/k k %. )
xponent| Comp./Exp. | (P4/P3) ) | (o) (kJ/ka) | (kd/kg) | (kd/kg) | (%) Recovery) Recovery)
1Stage 50 20 700 673 592 607 -12.8 0.54 0.9
n=1.4 | Comp./Exp. 623 45 '
(Adiabatic)|  2Stage 7.1 20 700 490 753 454 31.0 0.93 0.93
Comp./Exp. 239 283 '
1Stage 50 20 700 402 897 388 48.4 1.34
n=1.05 0.96
(Near Comp./Exp. 80 535
2Stage 7.1 20 700 375 940 375 51.8 1.47
Isotherm) 0.98
Comp./Exp. 49 613
Mechanical Efficiency of compression/Expansion = 0.90, Efficiency of Recuperator = 0.95

T|AIRIE /188 35 _ 83



EREEERERFEREA

673kJ/kge] EH, F787-E 93] 25k A (94u] 7.1) ol 53 F7)9) 25 (T2) 7} 239°C 2 Wopr| i ¢t
29 (We)2 490k)/kg® 7451 Lﬂu}. 50bare] $F&27)E 700CR 7}4E 15k WAkAlof|= sharel (We) o
592kJ/kge] =™ AEE 3l 25k A ol WAL (We) o] 753k]/kg= 71| =ik oA A= A&
(ER)& v w15k 45/ o= 54% ) Ak S22 A4S 913 29 b5/ oll= 93%= 57t
3HA| = o] Sdgt S EIFEANE 95 5 vk A5/ DT SR E ovA] 552 oS AT A
A A o] A A| 1 o] of] w2 Adn|u]8-2 )8 S

P A0 B B 0] FE 22811008 10 S48 clgolel )
EaA o2 7, R BaE o e ma S0 AGS A v gEARE Be o) g

o8 <= Ericsson) Ate]E A8 Micro—CAESl| W& S35 S48t g+ '&°ﬂ Ak A A 7
= SEiAE 2328 45718 YR Yaeke s 1—9“%‘ T QAAE 28] 159} 2o 2R-Ao A3 A3
E 71719 54E o&sliA 45717l B Ak 454l 3719 de T8kl b5 Seperator ® E5
ks W E AR 4 Qloh v IR 2 A ol A Q) S siA R 149} o] A3E YA

TE 7Y 7teshs e AME 5 93 25 4] o 75-(200C~400C) 17 159} o] H+A
o] ¥ 10 AuiAGE HATIYT AR EAlete] WA 22} Aol ¥UE dHF HA:
Seperator® GriAFE 2ok W= AH-E 4= lch

E 204 B uke) o] g2 A0 7P 4E/AAAN(ERERY A9 n=1.00) o= 19 45/ e®
T 22k O s/ R & YA S G 5 7] vl ohe 5/ 2.8 o) glof AT
/\é o] 7‘_}1:/_}3]];]_,* /\éu]u]%% xJ7L F ol 7§)l-7g o] olr/}' A= 16, A= 17& 7 7P7L o]a]a—]- oﬂalz: A}o]iﬂ— e
gk Micro—CAES A28l A A= 453715 7HdshA] da A7) 7459 d85 A4aNA 453715
Zvdele 75 ollvA 2xE vehd Zoloh W] 453715 7HEskA] e ATl WA £xelE
= 7 Y Ao A AR 4537 EE w2 T 3 AR & 7] A dEeTE

B

L

d
d

Jds 4
7hdE A8 Ae] glek

28] 173} 2] Micro—CAES®] A ol Aol g& A-8-sto] o] £8& F4A13). 2= 50bar, 1m']
T7125E 15.5kWhe] $8= e 5 3l Ak AYAR AA2A F388] 7kl Sl ouA deg S
23 gk

pl— Discharge port

Suction port

J8 13. 238 €57 8 147194 A3 5 457

84 7|72 E /2006 - 10



=

rz
N
>

HI
r
ogl

Separator

Power Inp{t :

Ambient Ar

Recuperator . E}
Serall Povfer Output
Expander

Heat Input

Separatar
]

Scrall
Compressor

Air Storage

Heat Qutput
HAIAY

8 15, A o2& A0 2 CAES

Water (-6¢1 171
00l 5.19kWh

= fExg=0.25 kWn)

+ -Hot Water (80°C] 86
Heat 597 kWh

(Exg=0.54 KWh)
l Heatm

A.67 kwWh

Heat Out Tﬁzu.,c

v

[Exg=A 67 KWh)

1 m* (504 kg)
(Exg=2.43 KWh)

8.63 kWh ED

b
M =563 kWil
Compression Work

=1y Se]

X & Micro—CAES

=1 —

Expansion Work

| OILA He (R

Assumptions: 1. Mechanic al Efficiency of Compression/Expansion = 0.90
2. Near Isothermal Compression/Expansion (Polytropic index n=1.05) with 2-Stages
o = )
=

|5.
= T

JE 16 HIEE Afo

Fuel Supply

17.7 KWh

{Bx0-17.7 k)

+ -Hot Water (80°c] 86
Heat 597 kWh
[Exg=0.54 KWh)

lueatn
155 KWh

Heat Out Tﬁzu.,c

/ 663 kwn ED

lBll:ﬁEi wh)

1 m* (504 kg)
(Exg=2.43 KWh)

b
,uf [Exg=123 kW)

Expansion Work

Compression Work
Assumptions: 1. Mechanic al Efficiency of Compression/Expansion = 0.90
2. Near Isothermal Compression/Expansion (Polytropic index n=1.05) with 2-Stages
|2 A& Micro—CAES 22| ofj{X| M (HES=)

JE17.02E A0

FAAAY

42 A A 2AL 9T
5271 FARALA

A47A] (UPS)

= A2 A4 A
&2 7200 3

J|AIRIME /188 35 _ 85




EREEERERFEREA

o}, AA) UPSE| o2& A3t Gl BhdlE] e Alzbo] 2ol whet 454 5H7} HL"gﬁP o] e Fuk o}
Yzt d714] 7549 27| ES A 3k shdlEe AR e A o' AsET A7)
o] Aol we} o] = A A5 A s} H Q=R A el 4 qlo] AFA SRew °134?°] itk o3 7]E
vHg|2] o] EA| AL 82317 S5l AlA 222 Flywheels ©]-£3F UPSE 7Pksl n]=+9] Active PowerAlol| A+
S0 AT AY S 358 9le UPSEA 13 189 % —°1: 455714 UPSE 7 3k 300bar®
AAH 4E7]5 9AA=E(Thermal Storage) 2 714% ejHlS o] g3 A& whAyshe AALA7IA] 22 7¢
o] A|gA ko] 971 rﬂh‘i— l 21-2- Flywheel& ©]43}4] Bridging PowerZ 33l Qltk. dA Az A17]3]g =
7tEs F71A e AR AL e TERA AR SR o U2 Age ke 93

Aol 2% ngl—z— o188 7V YT AN S AL gl 959] Energetix Groupel 4
ejlo] obd 23 B3I ol 88 4514 FAAALAAE A 3l e,

7| Al AT el s 18 199} o] AZE DujAlEAA] §F5-57] UPSAI2Ele| bjgt ofe]t]el & E5%
A8k A\ 2B A 2 Foll Sloh dARRRA 129 AR A3 H R /M E T AAsta 244
23ZF WA7] 47l duiATE A 5710 D& FadtaL BTl SeperatorE & Grf
AR5 Eelste] £3A7]E WAook dubA ]l T A E 2o AR Aol os) el 77k
sYzpo] 7hsstm WAF 3719 A& AAY7|E o] L3l 3|t Ao 453715 THE T =M J|E il 1]
& AAE dEFVI2RE 50%01d B2 AEE A 7t Yok 23 AuAIE o] 43 AR ERE Active
PowerAke] £714 g A4z vlsl 2952 A5 o] FHoju HAEHA T 727} The=3) A2
o] Zo]3l| witol] AAA SHAAE frefsicta & 4 9ok

r-{m
>
-
)

==

1110 we— , 5
S
Iectricall neated Glogk of Ste el win nolg@ack
Designed to replaced battery-based energy storage in UPSs, Active Power's thermal and
compressed air energy storage system can deliver 80 kW of output for 15 min.

J818. £€ & YE S 7|4 UPS A|AH! (Active Power A

Gomoressed Ar Providing several seconds of bridging power

Clinders
Hot thermal oil
Thermal ith i
storage | With Electric heater
SuDercan
—

= separaor

Seroll
EDanger

1219, FolH| A 24EZ7] UPS AIAR (KIMM)

urs

86 7172 E /2006 - 10



HI
P
oQl
2
i
OH
N
r
)
Rl
0!
T
rz
N
>

SlolghAnt WA ppielslol tfgare 2 A S A
A5 g %Al-%ﬂi A S £ 42 315 A o) el el el 424
o

s Aslr] A AR A Bege] Bs AL Yok #2A AL AAEEA vl 47t Energy
Carrier’ 24 AYAR2] d8& Jd2 2 0= 7= YA, 2Zele A 2&3} HAA *E“’ﬂ/ﬂ =

-5 AFA Q] HeE & olRhe el Yo 9

ofofl th3t tjre® 5718 oS AYA Z‘}(CAES) of ek A o] obAlaL glor, 53] FZel= UA|
2710] vl AFA <l 7]E tat s CAESSh= 2] aaf=e] £4H $h5571 A AR (Micro-CAES) LAl el
Wile] AF L ek Micro-CAES®] 45 37] 4= - A% 2ol A Ashe 54 (XVWE:‘EM] c}‘%})%
W AR Fr1A 0% o] &8 4 glo} 7P ol A] o] BEo] B2 AY i
LAl 77k 24 SR A odA] LA e By st vl A9 1T7 l%"] =
A} - A, 87 2Rl 2= Aoz ARkE) diel AA A WEHAE 8
7] A3 g Ao ool vie- avka & glvk Micro—CAESE 487}l 7V AA)=]o] A
A 7o S SAlol oA wi A YEL el vis- Tog qde T 4 3l Ao v

A A=l A Micro—CAESe]| Hig BAlo] A3 olrlare QIARE o} 271A] 244 < /‘1—23‘711”% A
A3 YA ek Micro—CAES] 745 nb 7RAeful st gHeju) 7} 2o} A ”}Olii 7k2El 7es 2
2 Agsp7lole oldwol Yo & I SsNME i F CAES SMES) o] thd H5/5% o] 2 ﬁ’O’W”&
BAREE $3 M= The st AT o] EesloRtt sk ofewo] Skl & 4= 9 .?&%71741‘5?%011*1%

RG] Y QAL S40] 348 23271719 5L ol8H S GH/AFY s Aol2 A

o

Micro-CARSH W A3 shasln AE 3L ol S $537) AeAY 16 el i
AEAE ek olj2} A AL TR FARAAEA UPS) o] A2 71 SRE $2 0 glon 2
Yol A= 714 Al B 419} 9 ) Sodo & Aoz At

o U

r-lu

[1] Christopher Schaber, Patrick Mazza and Roel Hammerschlag, “Utility—scale storage of renewable
energy’, The Electricity Journal, 21—29, 2004.

[2] Roel Hammerschlag, Patrick Mazza, “Questioning hydrogen”, Energy Policy 33, 2039—2043, 2005.

[3] EA Technology, “Review of electrical energy storage technologies and systems and of their potential
for the UK”, DTI Report, URN Number 04/1876, 2004.

[4] John R. Sears, “Thermal and compressed—air storage (TACAS): The next generation of energy
storage technology”, Active Power, available online at http://www.activepower.com/
files/whitepapers/TACASWhitePaper.pdf

[5] Chris Bullough, Christoph Gatzen, Christoph Jakiel, Martin Koller, Andreas Nowi, and Stefan Zuntft,

J|AIRINE /188 35 _ 87



EREEERERFEREA

“Advanced adiabatic compressed air energy storage for the integration of wind energy”, EWEC 2004,
Proceedings of the European Wind Energy Conference, 2004.

[6] Claus Linnemann and Mike W. Coney, “The isoengine: realization of a high—efficiency power cycle
based on isothermal compression”, Int. J. Energy Technology and Policy, Vol. 3, Nos. 1/2, 2005.

[7] Ulf Bossel, “On the way to a sustainable energy future”, Intelec '05 at Berlin, 2005.

[8] Dale T. Bradshaw, “Pumped hydroelectric storage (PHS) and compressed air energy storage (CAES)”,
[EEE PES Summer Meeting, 2000.

[9] Anthony Price, “Energy storage: a solution in network operation?”, Distributech 2000 Meeting.

[10] TENI Services Limited, “An appraisal of new and renewable generation technologies as transmission
upgrade alternatives”, NZ Electricity Commission, 2005.

[11] Australian Greenhouse Office, “Advanced electricity storage technologies programme, energy storage
technologies: a review paper”, Australian Government, 2005.

[12] Ridge Energy Storage & Grid Services L.P., “The economic impact of CAES on wind in TX, OK and
NM’, Texas State Energy Conservation Office, 2005.

[13] J. Kondoh, L Ishii, H. Yamaguchi, A. Murata, K. Ontai, K. Sakuta, N. Higuchi, S. Sekine, M. Kamimoto,
“Electrical energy storage systems for energy networks”, Energy Conversion & Management, Vol. 41,
1863—1874, 2000.

(14] ZAA, “B5371E o8¢ AY A% 7|, KISTL 7|e5 A B34, 2003.

(15] ¥iA<E, “Hekell v 2] B7471<7, pp. 224231, =AZ% o4, 2005,

%,d\ 4 @'EF“

4 9 q o s Daniel Favrat
- BHRI|A|H T 027 s T MUY - BHRI|A|H TR A2 s TR MUY CAQA 2TAYUIHEPFL) L4, Industrial
- ZARO0F 4 MOIZ MR A A - ZAZ0F 1A A2 YT AAY Energy Systems Laboratory
UEZT| MM Y UM, P U CI3 OO 2HR| - THAEOE  OURAAY, BMY FEE U
- E-mail : ymkim@kimm.re.kr -E-mail : sdk@kimm.re.kr ORC, 7tAYUZ, AEHK|, 5| EHE

- E-mail : daniel.favrat@epfl.ch

88 _ 7|72 E /2006 - 10





