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Electricity Thermal
® Pumped storage hydropower (PSH) ® Underground thermal energy storage
» Compressed air energy storage (CAES) (UTES)
» Flywheels » Pit storage
» Batteries (Lithium—based, Sodium—based, | ® Molten salts
lead—acid, Flow, Metal Air, etc) ® Thermochemical
= Supercapacitors m [ce storage
® Superconducting magnetic energy storage | ® Residential hot water heaters with storage
(SMES) » Cold water storage
= Hydrogen
® Synthetic natural gas
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Flow batteries

Flywheel (high speed)

Lithium-based batteries

J“g Flywheel (low speed)

Ice storage Sodium-sulphur (NaS) batteries
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Superconducting magnetic Supercapacitor
energy storage (SMES)
Adiabatic CAES

Compressed air energy storage (CAES)

Synthetic natural gas

Thermochemical

Residential hot water
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Cold water storage \.L\

Pit storage
Pumped Storage Hydropower (PSH)
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Capital requirement x technology risk

Research and development Demonstration and deployment Commercialisation

Current maturity level

@ Electricity storage ) Thermal storage
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A8 FF oA (Electric Energy Time—shift): Arbitrage
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A8 EF &% (Electric Supply Capacity)
T3+ 274 (Regulation)
on) g &=F(Reserve)
_H;_%_i%%]/;ﬂﬂ]%i 9k B2 (Voltage Support)
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7]€}(Other Related Uses)
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¥ 4 (Power Quality)

a7} A8 A2 % (Power Reliability)
oA ahe] Ajw)2 A # K-35} o] (Retail Electric Energy Time—shift)

359 3332 (Demand Charge Management)

3) ©17d<l (2014) AUAAGAI=RNESS) =& ] G2 B AGaA ek AT AUAZA AT,



~
i
ofN
=

C

O oA Al wel d7]-seky A A (2 E oA wiE e, v
' ol wiE ), A7 AuA A%, A A AZem P Tt

Ay A A T

& o7 HiE g gFo]&HA
A7) W& A A (Lead acid, Advanced lead acid)
51}‘;1—@[ Na based A#](NaS, Sodium metal halide %)
EREES HlEl s o] &7 5 = A4 (REB

Metal air AA|(Li—Air AA 5)
YE-3 dX

EEE REE A
Superconducting magnetic energy storage(SMES)
%444 (PSH)
Z1AH = A% 53714734 (CAES)
Zefo)

O d71-3kst4 oA A%

o (FEIEAA) ol FHE EASE DFolLLit)el FFT & Aol
2 olgshus Arle 44
— G, A, A, Felvhon TR, 4n) 2 vlgo] HA WALl 50%

2}72)4)

4) A3} (2014) 2% o)xFAX] Ak %3k Issue Briefing, Vol. 2014—G—01, 255928 af&] AA A4,



— FA gin] olyx] Awrt 31, A7 ez sk WAsE AR =xle] Ao
719 & ¥ memory effect)7} RAYSHA] ek Aol o), ek} =rgd HFo]

Festn & Hlgo] @3S

AL

o (4FAA) Asge LIS we AT AFoR d; B FRMF
12.5)& AAAZA MM
- UEA ¢ 25 BEAR o MaS YT AL B AEAE
fow 28 F
— e W Ee gel Ao oluA WET e Ao B

0 (Na based AA]) YEHFNa)S o] &3 duA AAAX=Z NaS, Sodium
metal halide(ZEBRAZAXA]), YEF E89 HAA(Sodium molten salt
battery) 9} Y EF o] & A A (Sodium ion battery) So] <£=x6)

— (NaS, Sodium Metal Halide) 300~350C¢] &4 &gAEe] YEF 0] 9]
A& o] sshHA A=A Ay

- (JEF &84 @A) 100C olslollA 2ash= oA AAE daf|d oz A-8-35o]
712 NaS, Sodium Metal Halideo|l A 2= += A5 E3He} Na 23 59 FA47}
A 7tk #XH|

— (HEF|2AA) glEel2dAE A 5 = 22k A=A A7 1 ol
SN FFAAM HEF ool F5o % olFsty WA ST FFom

JEF ool olF

- o oA sl ke vl g, theFslr) golettis G0l

A28 g8 ow Qg QA H YA afo] ¥ Fo] ©

o (RFB) Adald ul o] H7]ststa Atsh-3d daE o] &3t A7|E
& A&

geu = qks) 3 HkE B EIES A wEk A W97t A s Az

A71el wel A7) Aol AA W, ~Ee] F7]o wel FE o] A4

— 8%, AR AFEo] Thsskal i e r sk 8ol ol oA e}

5) o142l (2014) oUAAGAI2~RI(ESS) 8 FE] a7HEA] E Az et A olUA A A A4,

6) A3 9] (2015) YEFS &83 o|abdA] A7 s 4 E Ao A 53] =7, Vol. 26, No. 1,
pp. 54~63.

7) 01491 (2014) AR AZA2~BN(ESS) 8 7

bol'
r—{n:
1
SE,
>,
o3l
B
2,
1)
=
[
r2

T AR B A AT



AqUA g &o] W& Ao &
(Metal air AA]) o} -
718 HAsE HA

2

71E 22 AARG = Oﬂﬁxl LEE UEd

AN E) aAe 2R Fx el AgsE duk A sk de 249
Evlel oE s FE 4 Age] o] £oj

R o e o LR EAR I [EEA R S
o ulgo] v

(SMES) 714 %ol gl= 2d= adel A7FE Z8A e A7E

718 At 7s

— FHpel glo] A% Agte] Ao WA ev] el BaA AHE FA AHS s
- 5o ZYUES oy We oux WES ke ugo v

e s I [ e e s

(PSH) AAAAUAE B3 7 E2A o7 A9 BS 2 Lol
29 Agsn GRS olgatel AL A

— W& THo] Fheetal v du] F¥8ow D8It EHEs) vk

=
Aol Lotk BRRE WA L A Aloke] WA

(CAES) 9ol Aee #83te 3718 4547 ¥ 984 428 45 7
& olgstel A




)
&

st 72

7} ol

O~
T

R o i TR S R

%

ok, wA

— g AUA Ago) 7

g) A71&

2}o]

T
=

o (

e

o] "7}

u.gat ke

=
=5

NIAAG 7168 35 549

00| 5o oo | o
— — Q [32] o Lo <t [3p]
l l ) SR ! !
olo | nl|lo o lo | o
— — N ™ ™ [a\]
S|l || |wWw|wW|LW|LW
S| 0|0 ||| 0|~ | o
l l ! ! ! ! ! !
ol liovnliololo|w
O [~ | O |0 ||~ |1 |0
o e w % m
LS| o | Sl |
— | Q=== N —
(=) ! (=] \Y V l o
Sl <2 ol 2|3
o o m — | =
"R R [ Ne [ No | 4 | & |
T TR RN RN | T | T |
XN | E
* s o |
MWITIE|E | L m |
RS W a¥ % )
un | 2 =y 2l
< {
W F

#10)

™

I

Zo
el
Ay

AR A 7]

oo
o= |
oo ﬂﬂ_ o o \.nuXﬂ ==
— —_ @ oo | E | R || X
= X | = ||| | =
o ST " ek L=
A AP A R DY
- P el | o A e o e g
Mol | B¢ | |y | 7[R e | )
BlEloly|= | M| ™ <=
AEIERR e
il - = —_ -
Tl E| 2 x|E 5|
= LR = il ey
R E A N e ki
N N T e R R N
T | =
_L o x Mﬂx o}J _E
3K
o | e Jlo
” o | N ~
N do | o =5
i | o ww = | & N EES
B o || g e
i A S a0 | a0 | iz
x| - | o
oy uo % xy <= o)) | o)y .mm
B S B T I I e
oo G | N | 7L % MT
EE K|y || A M gﬂ ~
ar - - k=1 0 0 -
uﬂ oo | 1 MM Y o
el e el e oy MM W | e
ol PR sl S il O g g s
ol K|S o"_] o)) = | = =
H T °
olJ | o)y o}J
M| 3K A
N X fuy
x| T | e o |
dIR g RE| G T alT
Tl BRI ES|I®
el e w el
) Z, A

A7 A A A AT,

gz et

]

EUD

1 (2014) oYX A A ~E(ESS)

R

Aéo

9) o]

o]

10) o142 (2014) AR A GA| 2=BH(ESS)



03 Value chain

MEHR[AH7 1]

i 71&

- 2|5 O[2| A Hx= &
2 M 71E

- 215 O[27 7 [EFAR Al U
- FrgayaHIgst Vs

AN

- HI2|S 027 stidAxy Rz L
M 7l
- HI2|S 027 7|EfAXH K= U
M 7l
TN SME AT 7 |E

(AEEAE IS
- TRy ErESN MBS TR

- S| i1
- SRJEIZ B - Ot 71
HEEE M T
 THSEH/RHIRE 718

MYHR| [H(E3)]

2i ol27 thEf2]

- 2|5 O[2Tx|

H2IE 012 HEf2]

- HEHA|

- Na based ®X|
- SEHR|RFB)
- Meld air FA|

- E7I ORI

- FrI7HTALE]
- SMES

7|7 Ol RE

- UES7IMEER|CAES)
=cu =t

Al
- o

WICTE ]

HiE2| 2E71=
e 2
- BMS
- Hlof22|

- BOP X/={s}

- Al Fof
- 355 0=

-7t
- SHEE ME 9245



01 &ie 7=hd &

O 39 R&D Fx A3t

o OECD %7p8 #7498 714 R&D olAHDol A o] #7722 (o] 2 4))
of A go] e Wb QR HFow, 1 HE ojo] mFrg 59
A So= veg

— @Ee] A9, 129 o F ol o] N e AR BT He
0] S
=}

Saele e g

Fa=E olyA] AFA (ol AdA]) R/ =7F R&D T2
SF eolUc s DA <Y w0[ZBI0L « YR BT =BT wOlR
500
450
400
350
300

250

Million USD

200

150

100

50

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

11) OECD Factbook 2014, ¥-of2k2 jSA/1ER] (GERD) 1Y, =71 | 713, tfsh 2 AE A5 Goll A
T3 3+= & R&DAIE/ IEA, http://www.oecd—ilibrary.org/energy/data



V340M Y3LNID A90TONHOTFL NIFH9

10

0N B% U AT 5

7H 243
o AAAF R 143 59 7|5 8937012 (185GW) 2] dlUA] AA7|& #d Z 2
AE7L g Folw 7]-8lstd oA Ay 7|AA AU AG7]E ok

o %]
b FEe A RolEA ZRAE A9 F
— S7PAE AR, Vo] 3507 JEL 7
AR Fo| Fure] Zol

e oA AAAA B ZRAES A Fe F7F 94 A9 1091

3}
=

P s ebgon] 1 H1E olo] F,

il

Moo

71 Eopd

TECHNOLOGY TYPE

Electrochemical

(e

=2AE

r (
O

Pumped Hydro
Thermal Storage
Flywheel
Compressed Air

Other

0 100 200 200 400

12) $83(2015) A 3|Ae] ESSEH43 A Korea ESS Conference 2015 A& F, INI R&C.
13) #83(2015) AH3|A o] ESSE83 A, Korea ESS Conference 2015 A& 3, INI R&C.



=71 ESS TR AE Top 10 ASH4D)

350

300 -

250

200 -

150 +

100 -

50

United States  China Japan Spain Germany Italy Australia  Switzerland  France Austria South Korea

2] :2014 STRATEGEN

) d7)-sksrA v A AR (s ol2A wiE )

o Saft Al A Intensium® Home 10M 2] F°]= ESS A
— TA&, 4% G T 5T, KACOARS] 413 4Hd IvE 9 A Ap7taH| &
=3} 3 prosumer A&
— 240V, gFol2 5 S/l 74, B4 10kW, AW E AA] Hd &9 30kW
T A ESSE AdsiA ot TS 2ATOEA grid F843 7N 714
- T 24 5 W Ve 7 B AnEES &85t T ApkAan| RE
s

94x4 7}

O

2

o Stanford Univeristy A7%1& A= E 583slo] o} Zuk Hkx|7} o

WE = gEol>dA s

— g 27} S35 AY 55 dduks-o g2 shajy Edbo] dojuy=d| o=
SR DS

= R
AAolol dedritedh Eo] WAHA FeHe E4A717] wEQ)

14) #83(2015) AH3]A o] ESSE83 A, Korea ESS Conference 2015 #A&3, INI R&C.

11



12

— 7]&9) 249 lithium nitrate®l] lithium polysulfldeE =33l dendrite #2HHEA]
gHo] A, &N L=FEA] capacity?t E&o| FH

& 1803] WS 92% a5715%, 213 89 LA 3003

— o} 4% coin cell batteryoll ARt A FFolu, dendritee] F kg lithium airtt
lithium sulfur #E gl = && 7}

- AA AHgEE 5

re
do
R
L
=
[e]
i
N
(o]
o,
i
=)

— MIT A-tgo] o] &4 siZ2S $18l sulfuric acid®} titanum oxysulfateo] 25w+

AL BATE AW HYUF A ENZ ol BHY AZE Bl

i

ot i

=
L]

— ElEHF dioxide shello] &Fu]¥E yolk7} gl gdzm ko] 24 yolksS}
shell Atoleol] 43k F3bo] 9lof yolk B FFA] shellell FFS T4 A =™
gl Fol &Agle]l dFvEe HdAHd T JsstA #

v=S B X3 FRaEAA FEol=dA B AFAY

— 1= Tehachapi Z 842 SCEALZF SMW(32MWh) &9 glFo]l&dA =
TAsLG o o U H-(DOE)S} 1:1 wfd oz X4

— 5% Solion Project Saft, CoenergyAFe] ruddnm 5~15kW+ B4 AA 714 &
Lib—ESS75719] A= A3

ol\
)

) d7)-skskA oy A AW EE oA wiE )

o (Na basedd#]) "]= GE+ Sodium halide AXA] A X232 ¢ 7 &

HE F7F A st Fxb
— “Durathon”@] & Na A& G AR F3 = ZAX| 5 108)] o] o8 2183
I e AR =2 UPSERF o}y 2} Heavy—duty—hybrid Appplication®l] AF-&7}5

o ¥l NGKi= NaS A Alx=®le] Asto] gk fFdsk o=z 16 10



gy B @ O W

&

<0

=

Np
i
o
N

L 71272

13



14

o =, f4
Ao} A
— H o

o F39 SICCASOA 80

A (20~650Ah) ¢} BE Azt A¥

— IE3 MW NaS #AHA] A|~" s)e

o 5

]&

Na—ion9] T4 o]

|=F%E °oF 72 mAh/go

- 7bel

AR FAGFo

o (RFB) Pacific Northwest Laboratory 04—?9 o] 7|&

4% 160 mAh/gel™ 4003]
| =oly

qA A== A sk
RFB 7%

llmenau &t A% g Fol2AXE AT
ZSHEA Ao Ao
W) 74 2w JE RS

]

A me)
2 Oz Ay

71E ] Tl 2 ol

, AEE =7}

AFDEs) o

F3A Fol=

HE NaS dA el g d+7F 313

=

dedE s geow 9y

YA

5 I AZAER Bl NaS AXNE A g A% AT7E AW
g EA o A
YA Aol tfd BAOR NaSel e A7AL 9 4SS 1Y 5

stk Aol A 2e
1,0008H(10 A/g)ol™

70%9 retentiong 7] =38t

— Black zinc—polyiodide liquid®} Clear zinc—iodide liquid 7} A A= 2 Al&

— Z}7yo] "o A S} AA|7} AH o2 S0 9 T porous membraneS Alo]d|
T g8k vhE-S YE
o0 ViZn Energy System©l|*] Hecate Energy®t £33 e Aol BHx
duldYdoz 2MW Zinc—Iron RFB &%
= '16d HAFdAFol FHI Er] Hulo dE HY RFBE 53 = 3
o (Metal air #A]) IBM< 2009d%-E| “The battery 500 project’S =3f 7]& A
AR U ALE=7E 108 S7FE AX S 98 =
- 1 THo= 500ntY & Tk A7 A A wEHEE e AS HiEE
FEHHATAR, 22 MIT, PNNL & W= ] #9974 3 tehsst @9
AFE Y
= 11dHHE Z2npd, AEdZets, opxls]|Av A 52 71 E sh=rs)stl - o]
g T2 AE %Lf‘rg}o% AFNES Fsoz 53



o}
=

o 1= DOE<]

o)
o]

LISICON(Li Super—ionic Conductor) &¢] o]& HAEA Az

-
o

© PolyPlus

hin
)

X
4qr

B!

el
ojm

R

A+
o
.

00

el

22

)

— PolyPlus

H

o

)

il

=
=

# + PLE(Protected lithium electrode)

1
JE

— PolyPlus

Nfo

]

3

|
o
oo

N

e 98kl NEDO

71744 7N

E 57
[}

Nfo

o
=

il

Tor

22
L

S
T

o)
o

R

3

£ E0E A

= -3k wb, AIST

f

=

_iﬂ
dr
ajat

o))
i
N
Ho
o)
M.

N

o

Crosslinked network gel

1
R

o}

ZHto g

CNT$} o] 2 HA &

1
R

— 139

Fod 10,000 mAh/ge]

£ Als

7] Tl el HE

EER

JEe)

)A
Ho

i

#
2

&)

o

el

o
=
EL)

8 A%

bof ofe] z1e] =

7Y 23]

15



16

(HAE-% #A) "= DOEE '109FE dA7MA d3F 35098 FRE=
ﬂ?M HATA(ONRL) o A28 AA 9 mgrje= 25 -3 Ao

£ fo

=<2 BASFo] 5,0009F&9] Q4% w=2] Sion Power Al:= 00 X5
ARPA-E FHAZ AZF 5009+& 29 gF-% dAA #d A4E 3 +

— 2.5 Ahy EEF-% AAZ 350 Whkg 759 olvx] =& A4

i)

"= PolyPlus oAlE 450%HE FRE ARPA-E 2 o ZwR 742 s
ZolH A A HNE A& 7 2l REd Vs HA

o

3y =

9] Oxis Energys ‘143 300 Wh/kg ¢ olyx] WEE 2= 5 Ahg
AR WS dnedria Hx

— o] 5 Ah A9 7% 300 Wh/kg®] oluix] De} =L 1003] e 5o

A4 5 Ahg 129 A9 160 Wh/kgd} 1,0003] (DOD 80% ZHkA)e] 1 B&

— Oxis Energys &lE5<% ¥ Sulfur cathode, W14 a2 & ‘ﬂE:“\ BHE 75

2t A7 & 53kE 71l s 50 o7ie] 58 o+

eb) A714 A A%

o (FAAAAH) ANEAR TR FEste] ABFolM, vFe Fg, e

7=d HATol ¥ T

- v AEDZ2 st 7o AWAH e &5
MR Jall g A=S ¥ o) =

— "3 UCLA tigh2 YA A FEe] A7) F4E 7Hs5H
A2 FHANAH'E g kst 5= 3} %l
o) Azt chd ol AakE =S Ao whol] AFE-sks G842l oy

290l b5



~ 3 MITE W3t d 5o) BH9E Ba) $Ho] /bsd oUXE AFshs BnE
A o FAAINAE qUA Aol AHgache wEel 7t g B e
g TR Tbs

~ &7 mupdste 17
ool UAAG AE

- TS gavewE FAARAE ALl 4E

17

719ke] FFH AR E S JE-S Tl 7= 124

2 Az =20 AE

e e

© Rice University?} Queensland University 78 o] A9 wigg =S A
THAMHAE film N

Aol Hojk ¥}t graphene filmS THEIL 1 Alolof] electrolyte layerE &,
GAIZE T EFe] U A E WEd ¢ A

— 7S E Y7} S 3ke ApH Sk v wke A, le HPD"OW} ol AA7Fes,
A= 7PEA A\ A = Bad v IF T el $o] 7153
71€ wE g Ry BHSETE 24 wE

uh) Z1AA v A A

0 (ZFolE) oldU= AHRe ofdW:W=  SchwungradEnergieAl:= European
Commision Horizon 2020 S 2ZX¥E 255 ¥Wu F2E2 2 Ydbol First
Hybrid—Flywheel ESS PlantZ f#Hel =

o YA A 9] Beacon PowerAli= Alaskan Energy Storage Projecto] =g}o]
g g8
— A A AN IR Y2 IntermittencyS 3 A317] S8t pilot project®A] 71 3}t =
AA ¢} flywheelS ZAE3F 320kW A 28] -3

17



31 N33H9

T

18

02 =ul 7=/ %

O Ul FIIR&D F4F @)

o F7IRE&D FNAHG AR, '109~14d74 @A 6,1319 0] X454
on, Z7lolE ESSE gEoledA V&t AFsa oy, dAe 457
RFB, NaS &9 7tz vrst 34

— A ¥¥]&: LIB 53%, SC 17%, Na—based 13%, RFB 12%, 71E 5%

ol tyx] A (o] 2FAA]) AFNEFAH(2010 ~ 20143)

= 7IR&DFA} 66,579 96,438 127,350 178,641 144,131 613,140

o AT A R AHEHE 143 NEAF(54.0%) Bl Fo] 7HE A UERE
- A 27| = 71 E2AFH])Fo] =3kony, M2k 583 AT HFo] SFA

AIA AFA (]2 A) AT AE T 5

100% 155 LhL65 - ﬂ w3:215m
90%
80%
34,967
70% : 825
° 53,443 64,806 102,723 1
60%
50%
40% 8,707
¢ 27,686
30% 14,991 i 30942
20%
0%
104 113 124 134 144

15) =471 E e (2015) 2014 =47 S7FA770EAR] 2AREAY BaM, S47]E4E.



=

o ESS Ao s FA=

=7 Yelgon, 27)dE EddTA dE gy 53 12 BxoA dAxt
Fardew S A
ESS AF/idebAE Fx4])5(2010~20144)
(hg]:mwkel)
ZAATA | 16454 2471 16244 16.8 | 20,414 16.0| 29,129 16.3| 22,584 15.7
o8k 11,261 169 11,906 123 14591 115 27538 154 25313 17.6
714 15,865 238 21,299 22.1] 35198 27.6| 24,452 13.7] 16,899 117
F279 17271 29| 32476 337] 37443 294 | 53137 27| 48980 340
=24 - 0.0 - 22,430 126 21,701 15.1
7)€k 5,728 86| 14514 150 19,704 155 21,955 123|865 6.0
27 66579 100.0| 96438| 100.0 | 127,350 | 100.0 | 178641 | 100.0| 144131 1000
o FAEE AvEd AYEAEE FE S FAoR Fxiglow n
Aol wSRE V) E2ATY HTo] o, TAVIHAEE At
AFHI 9L
AF/NAEAE FAE #A3(2014)
(gl ekel)
A7 |EA 9,255
MAEARIRIE 11,314 23,752 54,428
2,280
B EleS Sl 19,117 9,787
3,709 1470
ZEnsL
3,659
=
BT %o 225 696 165
7|EETR sg0y Tt 7|t

19



VIYOM ¥3LN3I AD0TONHOIL NIFH9

O =l 7l& FT16)
0’1593 dA Syt VEFEEe AAH LSRR (DE) g 87.6% %
Fa 5= T 4915 AAD
— 2¥E(100.0%), V]=-(96.2%), EU(88.1%)°l W&} 7]e<5=o] W& vbA $5H(75.5%)
B 12.1%p -9 4

— 39F FQ 57 71 74 S oY AR EEASH(DE) ] v]=H(98.6%),
SH(94.0%), EU91.7%), =(84.8%) +¥d Aoz AW

F9 5/% 20159 % V|&4E 2 7)€A% va

100 ; 100.0 100.0 10
7| 3 T3 : 93 8. 7|
= SR Et - 8957 E
PN 848 4
= i
o g0 g8 At
(%) 755 ]
_J'k_
)

60 6

40 4

20 2

0 0

= =]

o (A AE AL Ve ) 78] AEAE Ans Ve $ FEuee
A oA AFAIAE 7)ol AAFH LY ER = (L)l W7k 7

% $EE BE

16) ZA71&4E (2015) 151 547 FEFEA BuA. 54748,
17) A% NS 7o A MUA AGA =", HEEA oA AGA2E, ZIAE olUA] A7
2g 08 PR V)& FERA AA]



# 3G Bof 2 570FE 7|4 E £ 1 DE(100.0%) > FFF(94.0%) > MF(87.2%) > F(78.9%)
2HO) 7|4 dA 80.0%= W ol 3 o=
10.3%p 53 90.3%° =4Y3le] EUS A 3995 AR Aoz A

AR dA] AR A28 71455(80.0%)2 39 T 7|eFES 85.0%%

QA F- A 28 Fo %7} 71&4% wm

(9] %)
257 eluiA . -
AR g2 | 9B 940 | 97.3 | 34 |87.2| 906 | 3.4 |100.0|100.0 0.0 | 789 | 856 | 6.7 | 805 | 856 | 5.0
el 7 oA - , -
A28 R | ¥ 1800 (903103 | 917 | 953 | 37 [100.0{100.0| 0.0 | 73.3 | 80.3 | 6.9 | 85.0 | 90.3 | 5.3
71AA A ; ) .
Mfﬂi@ HE | v | 80.0 | 85.0 | 5.0 |100.0{100.0| 0.0 | 90.0 | 90.0 | 0.0 | 66.7 | 80.0 | 13.3 | 90.0 | 90.0 | 0.0
s QR | dE 876|940 | 64 |96.2(98.6| 24 |100.0{100.0 0.0 [ 755|848 | 9.3 [88.1|917] 36

o 847 VYA gk AR S d3%e AHRY, 2EA ¢ ¥
dEA AA7]Edd g AFEHo]l 2 Aow A2 (79.1%, 78.1%)
= M FA AUA] A A" ol Ag-ol= A Ax V)& gk YA o]
E} Rol gn] AHo R = FF(40.5%)
— VAR oA A A28 Foke] 790 Value Chain d¥tdog RE &
doleE 7= Aoew Hr}

9

FN

21



EA oA A Al 2E
N woF 2 7]; 8.7 12.2 791
57 ANIA A% 2EA ANUA A Al2H
A Rop 4 Az V)& 15.0 75.4 9.7
ZEA oux AF A ~E
Fof A28 7% 47 65.4 99.9
v A oA A Aj2=E
H—EFOF 27 j]% ! 0.0 21.9 78.1
R E=S% IS PR PAR I R IS FE PAIPAE IPAPN-=
A A wof Al Az 714 3.5 56.0 405
v EA oA A Al2E
Eop AR 2.8 77.1 20.1
71AA oA AF A 2E)
ol 2 7T§ 0.8 80.6 18.6
ANAA YA A 71AE yA] AF A 2~E
AR ek ok APEA Ax 7E 3.1 77.6 19.3
NNAE olluA] A7 A 2~El
ok AlzEE 6.9 63.3 29.8

5

0 4

7h) Ad7)-gksk | A A2l ol

o #Eol=

N

o wu) A%

— Gexpro jil7}
o5 1Y

22

)

A7 F

RN

FEd

HiE )

AR A zdd AAHL7| SRS 2 20~60Ah =
Aom™ 100Ah o] AA= A g F

fregAst A v=gs guA
gow 14E, degEe olo] FUE7A ESSH 99 W ¥
et 7| vk

AAE o A

M=l 45kWhid ESSAIE LG 313} viE]e] g§Alste] ¥ sk

=y
T AYE A

=9 T34



o

AH3SDIE A=A, Agdh ZlEiotel 2 719l =92 ABBike vt
olaRawl=o] HAHstE ESS £F4 A H dvfstr] 94 MOUAZE 5

2 A4

153 ) 2ol edd Farlel B

w AEZ7} o] ZA13E B RHESS Agk el ESS THAIF AA(19)
= 2924 ABBS MOU A2 (39)

= ESS9F UPS Z2¢3+ ‘UES' 7HeH(44)

v FA Aol 36MW TR ESS TRAE £3(74)

24 SDI

n ZJlo| & Ejkd whA A ESS sl a3 A AR (29)

n 51) PCSY A Eguana Technologies?t ESS &8 MOU A A(44)
LG 3}gt » 1] Gexpro 45kWha 418 ESSoll wiE g & MOU A2 (549)
s 5o YA o 2MW TR ESS 3 (59)

w7}4& ESS AAFE frH-2FAE 2A(69)

» et o] F95248 IMWh ESS B A e At $4b8 et
SK o]xH|o] A %44 100kWh ESS 24 oA
n A5G gEol A Al A7HE

w0 ESS7]] Sunverge A% 44 <14 gEUA AA(19)
253 AP Y TZ5Fo) ESSE wlEE 2.2MWh 35(79)
" 5F AZAN=Y eFFd sl 800kWh HlE T FHF

o AYSA EdlaTg s AEd] g oS v 435kWh

aLL
o H

K
N
M

S A TAE 17d7HA A e

o A Hubdo g A= T 2 &5
1.1IGW % 500MW AHEZE glFol2>dx 7|uvk ESS= thA|st7] ¢13F 2=
S FEFt Vs 1Y 5

o YT AEY w#AA AN LANEAE AR 4w E
AN o)A At
= AN ke QA7P]7)8 A6 He bed e AR, YA 2ol

3k H K3} AA 2L olE B3 uHF AR EAHS B

— A7 AdsEAde] €3ko 2 Flexible High—Enegy Li—ion BAtteries with

18) &4 : d=rdxatd 3] (2015)

19) &4 : 71598 gg 64 71€R&D L3 A=F (2015)

23



24

fast—charging Capabilbity, Nano lett Al A]5}3l om, E5=A(C14d 59 28Y)

O A oA A = F=d LAY

— 2] QIEH o] 3t AT-E Fall V1L AEstE NMC 249 F=2Edntt
1

71 A%5o] 34 14} nano—rod shaped zH= A v= Fujd 4= 24 g
=

~ o2 B4l T 58 47, 79 24, 7)ol 1A AAHY, Aokr1%

) d7)-gkebA olu A AWl e E ol A wiEe])

o (FFAA) AR TEF Y] AUATENE AAFo R fEF Y

A48 Na—based A Al 28-S 74 Z(120W/600Why @A 2L 10kWha
A A Al 2H=)

RS

(RFB) &9 A" ZS 10MWh/yr RFB Z~®& Pilot lineS X3t i
143 o] 100~250kWh RFB A28l 2] AZALE Ay Folm 50kWh

= 25 % IMWh Al 28 74 F

=9k OCIE 5kWw 28752 2 100kWhiy AZATE 23 Foln A=
TdL kW 28 13y 5

(Metal air 94) A4 A% FG7129e AAY o404 ZRAER 2 FF
QA AL TRAEE A F
~ 1243 o 2EE104 B
B el 4 v

it



j
o (HE-F AA) = dE-F dA #d A AU, dEvIsas
o, et} SolA F= A T2 A HEe] AL s

=58 U B3 o 73% £ 800~ 1200 mAh/ 1H94 g s T
3

0 KIST ¥ KETI 59 A 7|#oME= AFE A4 2 7] A2 '11dHH
AT7FE proto—type AAE A Z3+= AT 3

o FH+ LGEHe B diAE A ol AAT neluAEE HE- 44 <
75 APsh= 5 AAAL B S

o) A7 A A%

ATElE graphene 0.2 THE FHAFHAIE S A
I FALEFE FFAF

a

— Graphene2 #Zrecko 2% AAG AL AW 4= 917] wFol supercapacitore2 =
Agtsi, 171102 2,675mE AWTG lojA] 7]E Li—ionkth 7127131 o]
Aol XN B

o T
— AFELL supercapacitorol] AFE-ERHE 231381 kO] grapheneS A4kl A w8kl AL,
graphite oxideE =% €< 73l 2704 graphene sheetE W=l surplus
oxygens A3k ¥ graphene sheetE supercapacitorol] A%, =1 A3} F74-85F0]

24 ol X3 4ere] Fo] 7

2h) Z1AA oldA A%

o (CAES) 149 A& AR A5 vldA AR 7hs sk CAES 25
ARl AH A 700919l 5 F 2,200 919 A RS A

A

_{
I

— ASAE S B3l 59 CAES €32 100MWg o2 dxte 7] 1719 10%

I~ =
T

o (&



[1L.
Al 2 51

01 AAANE 8 R A%

o=

o 1593 AA CayA AZER AF FRE 139 b oF 74% Z7fele] 1,172.8
M$E F4
% ('139) 673.9 M$ — ('154) 1,172.8 M$ — (17d) 2,678.5 M$ — ('194) 5,637.5 M$

O oluA AFAAE AANA FE L B AY AxT £
24 Z7hsh AAFS A&How A FRI 4 Ao
# 215 oA el « (139) 137.6 M$ — ('15%) 214.9 M$ — ('17d) 590.5 M$ — ('19d) 1,269.0 M$

('13 ~’19d CAGR : 15.7%)

# HEE o)Al wiE 20 ('13d) 279.7 M$ — (159) 499.5 M$ — ('17%) 1,191.1 M$ —
(C199) 2,672.7 M$ (13 ~'199 CAGR : 15.2%)

#4714 oluA AR (139) 84 M$ — (154) 15.0 M$ — (17d) 236 M$ — (194) 76.1 M$
('13 ~'199 CAGR : 15.9%)

# 7IAF oA AFEA - (139d) 248.3 M$ — ((154d) 443.3 M$ — (17d) 873.2 M$ —
(199) 1,619.7 M$ ('13 ~'199 CAGR : 21.0%)
o 15 7] vlEFE oAl wi"Hg 7t o oA AR 9F vlaste] A
Ho e AGFEES Ve glon '19d7tx A&d A

20) wlglFol2A4 wEy S A14dd dolg w7 7}s3F RFB, Lead acid, Advanced lead acid,
NaS, Sodium metal halide @ Metal air Al el ZA} =38



AAA AZEA DA AAA R

B 7R oUXIRE = R (stEtE g0 2 HiEfal) ¢ Y |SiE (IRl 02| HiEf2) 7 Mol K E

6,000
=hY%—
5,000
&
2 4745
S 4,000 -0
=
=
A
3 3,000
0 0.9%
> 22.5%
2,000 445% -
1.3%. 22.0%
1,000
13% L .
0 208%
2013 2015 2017 2019

O A71-3tskA oA AGGA (e F ol =A wiE )

o '159 HlEF oA W AFTtEE 499.5 M$E FAHHY AHHoR
3k

NRFEL AT Ao 9%

# ('139) 279.7 M$ — ('15%) 499.5 M$ — (17:d) 1,191.1 M$ — ('194) 2,672.7 M$

o

o (NaS) '159 &4 walE oA wWEHE = 714 & A% A84SS Holx

Jew 19d7A A&Hd A
% ('139) 1188 M$ — (154) 212.2 M$ — (174d) 508.5 M$ — ('194) 1,059.6 M$

o (RFB) AAAANUAANEY, T3l dAAY 2 3713 A Thsd
PO Qste] NG FHI ALHOR F4E Ao dF

 ('13d) 62.0 M$ — ('151d) 110.6 M$ — (17d) 250.4 M$ — ('194) 583.4 M$

27



VIYOM ¥3LN3I AD0TONHOIL NIFH9

28

A71-8keA oA AR (2 oA wiEe]) A AAAG TR

US Dollar (Millions $)

3,000

2,500

2,000

1,500

1,000

500

WRFB ¥ Lead Acid

% Advanced Lead Acid

" NaS m Sodium Metal Halide ™ Metal Air

0.7%

RN

7% 2.9%
198% 3.9%
3.9%
* 220% _21%
2013 2015 2019




0 714 oAUdA AZA

o (FHAARAE) B AUA 22 WEe} hPPoR o8 ALHow AF
FE7b 2740 Ao d=E g oA AFFA Y-S, A AH)
o ula) AF Aeee mud Row A

# (139) 8.4 M$ — (15¢) 15 M$ — (174d) 23.6 M$ — ('1991) 50.8 M$

ANA oA A AA AAAG =

W Supercapacitor Superconducting Magnetic Energy Storage (SMES)

80
70
33.3%
5 60
2
£ s0.
=
8 40
o
a
S 30
20
. .
o —
2013 2015 2017 2019

29



1
0

30

O 71AA AUdA A=A

o (PSH) olvAl A&3A & 7t

4 A5E 71E PSHY A% dn] d=z5go
2 ggEE EQoR 2 A&EHon

NGFE} AR Ao o
¥ ('139) 196.3 M$ — ('151) 350.6 M$ — (C174) 608.8 M$ — ('199) 1,020.6 M$

© (CAES, &etold) & 27] FHu gl bysta '15W9 A FEE '13d
oy Z+7} 78.5%(CAES), 78.7%(&Ze01d) F7td Aoz FAHW '194d
AN EE ZH7 364.2 M$S(CAES), 234.9 M$(Z&Ho| &) 2 Z7} o4

# CAES @ ('13d) 31.2 M$ — ('159d) 55.7 M§ — (17¢) 149.8 M§ — ('194d) 364.2 M$

 Zdhold ¢ ('134d) 20.7 M$ — (154d) 37.0 M§ — (17d) 114.6 M$ — ('19d) 234.9 M$

ZIAA AT A AFZEA DA A R

mPHS m CAES m Flywheels
1,800

1,600
14.5%
1,400

1,200 22.5%

1,000

13.1%
800

17.2%
600

US Dollar (Millions $)

8.3% e

400 12.6%
8.3% 69.7%
200 12.6%

79.1
791%
0

2013 2015 2017 2019




02 =ANE d3F % A9

C

") =

e

naol g AlZLS '15d 7]E 343.8 M$E FAET, o= AMAA G
29.1% Tt &G

HlEE ol whE el el ArEIE 2l ol WiHeRY dHer A
A 24 E0l e "19ddl= Al dlyA AREA g A 38.1%

% 2F oA wEy ¢ (134d) 55.0 M$ — (154) 86.0 M$ — (17d) 236.2 M$ — (199) 380.7 M$
# H)EE o] 24 e (13) 79.8 M$ — (1591) 117.2 M$ — (17d) 266.3 M$ — ('199) 552.0 M$

B 7 |AE o LXIKE = 7 |t R RIS 12 HE2]) © H7(SEE(HI2IE 02| tHE2]) W X7 IR0l XX

1,600
1,400 =327
1,200

& 38.1%

2 1,000

=]

Z 300 1.2%

5

3 400 34.0% 26.3%

(%)

=
400 1.7% 30.2%

2.0% 341%
200 33.1% g
L 25.0%
0 AT 20
2013 2015 2017 2019

BlcElc T

31



32

(A
ke

NaS ¥
A A
A

obd

A7) EE Al diEe] A '159 HEHF o)A sie ] U4
< 744%% FAEW 17 olF A AEol HAHerm w

# ('139d) 123.7 M$ — ('15) 143.0 M$ — (17%d) 341.7 M$ — ('19:d) 505.7 M$

159 2lE o= wigE Y g AlY vlE 1393 di¥] 53.6% S7hE
RHoz FAEH '19dd = 380.7 M$7HA] AAA=E Aoz o4

# (139) 275 M$ — ('15%) 43.0 M§ — (17:d) 1181 M$ — ('1991) 380.7 M$

B |AR oEXIKE © 7 |SEH(RIF0 27| HHER]) B X7 |SEE(HI2IE of2| HHEf2]) M 7| ol XIXE
1,000

900 0.5%
800
700

54.8%
600
500

0.4%
400

US Dollar (Millions $)

300 71.8%

200 04% £3%
0.3%

Th 4%
140 81.6% e 248%
0 18.1% 00 22.6% 28% 3.0% S 34%

2013 2015 2017 2019




o=

Q]
=

o 154 Mg ol wiE e g A HEe] v oluA A g vl

i

ato] AiiA o2 FA vetten N19de e A&d A
# ('13d) 11.1 M$ — (156) 262 M$ — (174d) 49.1 M§ — ('19) 107.4 M$

ZIAA AFA AR o] i A ArEe] AEH ez aska 9lern '19
dell= AAl e Al T 21.0%8 AAE o8 o=

# ('13d) 8.2 M$ — (159) 17.3 M§ — ('17d) 26.2 M$ — (°194) 42.1 M$

B |AS o HXIKE 7 |stEtEEIS0 2 HE2]) = H7[SHEE(HI2IE of27| tHE2]) ™ X7 IR0l e Xk

250

200 2]
@
(0]
c
s
Z 150
2 53.4%
8
3
(=]
»n 100 3o
o

49.4%
- A 206%

o il 19.9%
2 16.3%
57.5%
0 e s -

2013 2015 2017 2019




34

C

o

03 =uiAd &3 2 4%

=3
5=

159 2F ol wEele] W5 AP AfEel gEAoR ¥A Yt
low 179 ol ¥R E Affel AAHoR stobd 4P

# (139) 275 M$ — (C154d) 645 M$ — (C17d) 177.2 M$ — ('194d) 253.8 M$

AAGAIA B QA AUA AFRA ] %

doz Qlste HlgE oA wiElg e g Al A
RO o=

¥ ('159) 1.7 M$ — ('179d) 15.8 M$ — ('199) 38.6 M$

B\ o HXIRE = TS EIg0 27 HER]) X7 |StE(HI2lE of2A| HiE(2]) B 7 Mol R R

350
0.0
300 12.2%
— 250
+r
(9]
5
= 200 0.0
= 8.2%
_
]
= 150 80.3%
(=)
(%]
=)
100 91.8%
0.0 =8
2.5%
50 0.0
0.0 97.5%
100%
0 : 5%
2013 2015 2017 2019



@

04 8 Key Player A% A&

O 7]-3keb oA AR (HF ol wiEe])

o AAA HF o4 v ee 3t F8 Key Playerss= LG Chemical,
Samsung SDI®} Panasonicel™, AAA 2]F o4 wWHgZ A 70%E

)
A

© Navigant Research (2015)% 39| Key Playerse] AAMA A Hf&o] '194d
A A& Row HAY

2l E o]24 HlElg] Key Players AZHG& F4X(20154)

LG chemical
25%

Samsung SDI

25%

Panasonic
20%

BlcElc ']

35



IV,

] N & 3k
01 =9 A=

O F8 =8 ESS¥d AAAds)

energy storage procurement programs : oW A AAtu| X2 738 2
e
Self—Generation Incentive Program (SGIP) : A7 QAIE] B A = XZ
Energy Storage Technology Demonstration programme : w20
AUA A7 & 221 "
o4
Low Carbon Networki Fund 2o
AR U EYZ HE
= Advanced Electricity Storage Technologies Program \ -
=T LAY A A% 22 S
4th The basic energy plan 2573
CAE A 43 A7) EAE e
NEDO Z&wEibifigiidn — F—=» 72013 PER
L oabA A %A ZEW(2013) o
‘ Stationar}‘fE Li—ion battery pr(ﬁgram ECEL
Y gl Wige NE Z2ad
Large—scale battery program _
] iy 20
42 Lo g e Y Tz ZEID
Stand alone renewable energy generation (with batteries) program w20
D EYE AAA dA A "
Smart Energy System program w20
D 2HtE YA Al 2E] "
Smart Community program sz e

L 20lE AR




Renewable energy generation (with batteries) program : AlAA o= 74 | Zz 73
Storage battery for renewable energy generation program sz
CAAAA A LS $e Al E .
Renewable energy in local area program : A|H-2] 2l 7] Aol L] 4] Zz
endiuser subsidy programme s e
D HE A HEFAE
Notice on the continuous development of the promotion of application of 2578
the new energy vihicles O;H 7;§]X
zz PACUAAEA B g8 T B A o
The Twelfth Five—Year Plan for Renewable Energy A ¢
AR YRS A8 123F 57 HE (D Al 5-AE
the German Renewable Energy Sources Act (EEG) TEAE 2
DAIANAY YA £31H Al -AE
French—German Sol—ion project -
D Eol TRAE . 23
= LU — =
= o] the Electricity Grid Development Plan 2012 (NEP2012) e
e D Ag = A AE 2012 T
EIEE 71%711‘%_ Adzzas P Er
(FFele e AFAN SHE 1Y)
Comprehensive Energy Research Programme PERE
AT AUA A TR .
Smart Grid Fund project :
e D amlETEE AE ZzAE =28
European Framework Programme for Research and Technological Development
. (FPRTD 7) . 2578
and the Strategic Energy Technologies Plan(SET PLAN)
AT AT, eSS g% B 29
energy Storage system Strategic roadmap .
. Al 8
DOl A A A 2E A 2
st ak .
TEE the simstock programme o
CAAE T2 Y H
European Framework Programme for Research and Technological Development
. (FPRTD 8) . 23173
and the Strategic Energy Technologies Plan(SET PLAN)
D AR AT, VENEE 9% FE RO
the Research and Innovation Programme for Land Transport Tz




38

DEA S digk AT 2 d4 2209

o ("]=r) Self—Generation Incentive Program (SGIP), Energy Storage Technology

Demonstration programme®} 72 2] 2o %= energy storage procurement
programs, energy storage procurement programs o2 R&D 2135 E3
ojabH Al By B TEsdd P2 9

A=A el A ESS7F 7HA &= A o] dHAHA F93], F v AWrA7]
SolA ESSHAAY s At 24 AldF
— (YA" 93], 2013) HB1296E 5 53l A 3Ab= AAAE A ESSS

shete] Hrlete s A
F9]3], 2014) SB2932, HB26499 4] d}e}o] PUCE Al Ao A w73}
ESSYXEZE e 7|+ FH3l=s 2

H

I
~~
ot
o
©
£

m
rlo

%, SNLOIA &= ESS §8#0k8 5715 177 35o2 2§

* Electric Supply, Ancillary Services, Grid system, End User/Utility Customer, Renewable Integration

— BrEHE Q%= storage power 9F Discharge AJ7to] th27] wfjFof Hopd
urEd defo]l B3t

— ESS&= AlFo]7] o] el Ao FFAA g} Ao R s A1
R il

— 2B A AL B zFo] B4 (UE: 10kWolsH/=EY: 30kW/SH=1MWh) =2 t] 55

o143} 9 EA Needs® M| AR TH= A 3AJo] of s
Z ] IRE]

G Gridg& oz fFoladA 45 b

() 3.11 FFAvk AbEl o] ESSHZEwo] @43t HAdon, il
o AT FF/A gl A
— A A] ] 5 =] SIA AT FH A (B3 3], JPEAS), 3162 <l

— 7144 ESSY A= 28712 1~6kWh AZAANIE A0z FFFolH 100% 2§
o2 A A&



ANGELE Al v Tt 2 e Hxe] flelid dE Al 43

UA 7| 2A8 S F93taL, ol AR AA4dA 4tek NEDOOI A o2k

1 7led 2Eg(2013)& Hste]l olAdA R&D ZRIWE &g
%_

—'13d 5¢€ PValUA AAS 93k ESSAH A BT A} AlE

A wSATLE FZAE dto] Germany’s Voltwerk, France’s Tenesol,
E-ON, ISEA¥} & b9 7|5c] ddgste] AAqBA|A] 7l +
AL AHs7] Y& 59 AH = the German Renewable Energy Sources
Act (AAANEA =%, EEG)S A4l Bl Lsx wE
19906 e wivl 21% 35, 20109704 AAA ouA 258 ouAe] 125%
29, AAGAUAZIE Guss F AGFS Ad 27%eldon S Fo
RE AgoRA BAvbs Wk ol ¥, Ad, vhol e, BRA,
° ]

o 8% A AN N&e] NF FAE AEHAN 1A &

p

)

= Q

— =2 A3 o} French—German Sol—ion project, the Electricity Grid Development
Plan 2012, Comprehensive Energy Research Programme 59| &4ksl o -7

FEL Baf olAAA FE3 L 1EAL 50| BEE 0T F

(&5) A= o|xHA 7leMd 2 J8stE 98t Advanced
Electricity Storage Technologies Program® Z<& R&D ZZAEE 23]

—
i, o8 FuBGHY 7% 4F L AN WAL F

39



40

A

%?jﬂiﬁ}‘:w SRR Oﬂbiﬂi 91ek 122 570 FEORED S
gom AouAasa v &8& 5 #d A9 22 =7 S 59
ato Oﬂhﬂﬂ AHEE H3 Oléﬁ}% =
A} o]z A R&D T2aWE A

huth) 2rtEIgE 7

—_L
a == S
AN AA A Fskal, a8 AEel| 384 s T ol xbdA # A

g 59 F
(o) 740197 #e)H(ADEME)E §4 719 ek 7% 7w 23
St EU g AAste 47 23 TAZAY F4A7 A 27 A
e £yl ol HdA ZRAES £9 F

— The simstock programme, the Research and Innovation Programme for Land
Transport?} @& Z2AEE F3| oA A Al2=glo] tfg w7k F7d&
A% g sk, B4 BAY FH 2 oA AL F7 Fo) HEE

=g b



02 =ul A3

Z33& 3

c o =2 7o

o A= ESSAYE mAEore] 4]
A=

M

o
29
il
2
o
o
o
£
Hu)
o
=
ot
i)
o
off
:oé
B

adeyA AFREC11d)

LiB, Flow battery, SC, NaS, CAES, Flywheel %
ATt ESS 7&

ANUA AR 71N D 48l AEHK-ESS2020)
(12d)

20204 A A 3u) ESSHZEeF I
AAANA 30%H 5, 1700MWEF

ke E 728 ('124)

ESSEFAE (20163 283 200MWh)

ESSE A3 A('134)

‘13 16569 Hx5 11MWh 2+

ICT 719k oA 4= e et(13d)

jubad

ERER R

e

7l WEAEC14d)

o ESS2H3l 9] Leading Aoz ICTE

woph Al R AQt

o (HAAAJNA) AdelygA = AN A THE, o]
3l ESSE Al |dA Aulel £3H(C14d 19)

ol %] ERAE 2, A21F A

ASEEECERKCEETIE

ESS&

>
g

o
[
s
2

N,

AAIsko] v AA ol WA el o) &)
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(T ) A7IARTIETEY] B Ao AVAFEAE TF(C14
d124)

(AEAY) A2 AN AEAAY Fo A #F3F AH NPz
ESSell 4% dgo #njs]8(14d12¢)

oA LEEV]AA %%—% W2 ESSHAA oluvAdef gAY B
FAA N A (H7ID 3%, TA7H 5%, Ta71% 10%)

AR S5 AP eR 13EFEH =AA ] AP AAZ ESS &
o

AR AN AR L ESS g A
HEE Tl Bk 250kW, 9 30kW, ESS 1,125kWh
3 Al Bk 120kW, %9 30kW, ESS 1,200kWh

%3 144kW, F¥ 33kW, ESS 500kWh

%3 110kW, &% 50kW, ESS 500kWh

AT g el A A AMEE fs AT WAl dss RS X A
Z1gE& nEdpeta, AAY WE&F AX (a8 ZHEA olAAA T
s 3
— AAAE: AAuE A 1200 /kWhell Al 40791 /kWh(*20sus)

AA g @A 10delM "20d 2010 AR
A71As A Ak o) 7ol ¥ = oAb A S RIgke] A} Aak vl A H
e LESE AR TlENEA Y

T3 EF A7 7he @ A ol AR (B E A, HEE1AA S) AN
He A A, S 2 AN FAAT AL
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N
yu]
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S AATFEE Yo glon '19d o] Fox X<

— o] A9 ARAAS 7vke 2 gl oA miy Y AP 27t A4 UERaL
= <A

(44 A=) AAAHem ESS7F A9 Auls A Fold 5 s A

CAM, AFRE, mEF AF 5o AW F1 A F

o el B =7F AAS wgeR gFEol2dA T VeEs ¥
<ol ghol &5 AA AA AFZA A Aol oEE T Tbed =
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0 RFBE w2 @7, A57], g8 7hse duyA A =24 3
st Ao R HAsE AFoR 1Y ThE
¥ (5] 71%4°%) Na based 4 (50%), RFB (70%), CAES (50%)21)
o e ZF714 oux AgFA e} vlaste RFBE 27 4437 7hssi
G oUAEE A4S fd el MY Tssd 5o AFF o]

ool Aok aln] olE 17 ARAee] A9 Ba

A & oA 7= 7] (2014) 2014 YA 7% olwmHo]d ZER @ YA S
27 (U538 ESS). ol A 7] EF 7.



0 AF7|=714
H MA As] N (charged liquid electrolyte) W o]eE59 Ak3 U A
E o] &3l H7|AUAE F-HH T3k ol YA A A

o] galHo] Qi BEAo] AAE FARORA Fdo] N FEZA
oo satd UAE 714 Az ARt A

|
o o
o,

— Hola&Hs At & &algte] Az s d=dE A Alxd
A2 o ’ols A e AFE ] v S B2 T A
2 FeE

RFB 7 9 A}22)

1,:,:,%""“ s P B0 cation-exchangs membrone ALE 58 PHEAOGC LRI
[Sumitome Electric Indusiries)
|
V. Sn. Fe. GU recox couie U, o redax counle
n-Br
. [Exxon Research] ”f'"ﬂf‘la""m
’IEHDE ; ow-battery \-Halide FFE
1
|
1990 2000
| | |
Fe. Cr. Ti regox coliple ‘ ‘
q 10 kW Fe-Gr recox oattery et rado
| 8% eneray efficlency > 1&1;#
300 lite cycles

In-Br 2/ [Kansoi Hectrical Power)
[DOE repart]

Ma-Cr, Cr/THBr 1 k'ef.i'n Br mtter_f 200 KW-B00 KW

'n VRB
[RIST) [Mgigensna Hectrical Mial {Kasnima_Kita Bectric Powar]

polysulfige-chlorine
[institun of Gas Technology. USAJ

22) 344 (2014) 229 AA 71E 9 AT FF AL EHETIEFRA T,

Bl °T
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o A9 F¥E gste 2HI T 2 55 A B, S 28] T
o gz T4
— OFF.o Ao E3rEo] glomA A7|UAZ AFE 4 gl BAL £
&5 2 #AZ(redox couple) &t 53

RFBO] 7|3 %23

Seg m9liow frame, 13 24)

Ve

*

71 Wi

Tl FEE &

djojBat Eajoj=
{bipalar plata, FE3 5)

A=Sajoi=land plats)

el riimembranel

— dAA7A MERE A= T 52 AZl = Fe/Cr, V//V, V/Br, Zn/Br, Zn/Ce

5ol &4

F8 AEs ABT W)

Redox couple Reaction Standard potential vs. SHE
Fe/Cr Fe’t — e & Fe**/Cr¥t + e &= Cr? E°=077 V/E' = =041V
A VO*" +HO —e=VO* +2H / V' +e=V"* |E° =10V /E = -026V

V/Br 2Br — 2e 2 Br, / V*" + e = V¥ E’=1.065 V/E = -026V
7Zn/Br 3Br — 2¢ = Br® / Zn** + 2e = 7n E°=109V/E = -0.76 V
7Zn/Ce 2Ce* — 2e = 2Ce* / Zn®" + 2¢e = 7n E°=144V /E" = -0.76 V

23) HA7|EAE (2014) AR AFA =8 A28 A4S At} Green Tech. Horizon, Vol.01, 7]
<A,
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gl okol L4 %] ¢} RFB A4 F2 A=A A]A25)

University of South
New Wales, Thai
Gypsum Pcl

Solar Demonstration
House, Thailand

5 kW/ 12 kWh

Coupling with solar
cell

1994

Sumitomo Electric
Industries Ltd.

Obayashi Corp.,
Japan

DC 30 kW X 8h

Hybrid with
photovoltaic cells

April 2001

University of Aalborg,

Coupling with wind

Denmark 5 kW X 4h turbines and 2006
All— VRSB Power solar cells
. ystem
vanadium Tnc, Hybrid with wind
Risp TDU, Denmark 15 kW X 8h turbines and May 2007
solar cells
C o Hybrid with wind
nghel, Heibel 1 MWh turbines and | May 2011
solar cells
Prudent Energy California Pubi
alifornia Public ; P
Utilities 100 ‘EX‘W/ 00| Hobrid it solar |y 9011
Commission (CPUC
A commercial Hybrid with solar
customer 50 LW ; cells for a
facility, New York, 50 KW/ 100KW demonstration NA
USA project
Australian Inland -
Energy, 500 kwh | Y0 WSO e 00
Australi
7BB Energy Corp. ustran
Power Light Corp., - Hybrid with solar November
Zine— UsS. 2 %50 kivh cells 2003
bromine
CSIRO research T
center, 500 KW h Hybr1dcgﬁtsh solar E;(;iogf
Newcastle, Australia
University of o N
Redflow Limited Queensland, 12x120 K | Hord with solar ) Ao
Australia celis
Department of | - Albuauerque, New 1 o vt | Hybrid with 500 kW | After 2011

Energy, US

Mexico, U.S.

25) A3 (2014) 2% AA 7E 2 AT 5F 2AL sy



RFB(5kWH) 2k w54 AFF

A5 | 126)

Current output S5kw (112A) X 4h 112A X 4h
Output voltage range (VDC) 42 ~ 56 42 ~ 60
Approx. dimension (in.) 34 X 86 X 80 32 X 30 X 90
Approx. weight (full, 1bs.) 7,000 2,600
32 ~ 100/32 ~ 100

Thermal (Stg/Opg, oF)

32 ~ 100/32 ~ 100

Approx. DC—=DC efficiency,
round trip

75%

45%

Performance vs. Temp.

Flat response over temp. range

IEEE/ANSI and manufactures
derating

Containment

Double containment of
electrolyte storage

Cabinet drip tray

Lifetime (discharge cycles) 10,000" 1,500

. From full to 20% state of From full to 80% state of
Depth of discharge

charge charge

. 4h (optional 1:1 20h (5:1 charge/discharge
Recharge time . . .
charge/discharge ratio) ratio)
1 ms

Speed of response

1 ms

Overload capability

2X nominal rating

1.25X nominal rating

Maintenance

Annual inspection if desired

At least 4 times per year

- &9 HRIY RFBE A4~

=

i kgA &5 =3t 7he

| &5 Mgt e AyA g5 WE 2Ho] 7hedke]

26) A (2014) 229 dA 7l& 9 AT FF 2AH
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SHold A et RFB A 58 Ax AJA2D

Hydro Tasmania, 200 kW X Hybrid with November
Japan 4h wind turbines 2003
Tapbury
Management Hybrid with August
(Letterkenny Co.), R wind turbines 2006
VRB Power Ireland
System ) . Coupling with
Inc. University of Wiﬂg tu%bines
Aalborg, 5 kWX 4h 2006
and
Denmark
solar cells
Hybrid with
Risg TDU, wind .
Denmark 15 kW X 8h turbines and May 2007
solar cells
Hybrid with
Prudent Zhangbel, Heibel, wind
All- Energy China 1 Mwh turbines and May 2011
vanadium solar cells
Hokkaido Electric Wind turbine
. 170 kW
Power Wind Farm, output power 2001
/IMW LS
Japan stabilization
Sumitomo | Tnstitute of Applied | AC 170 kw | Stabilization of | yp
. wind turbine
Electric Energy, Japan X 6h tout 2001
Industries Ltd. outpu
J Power at Wind energy
Subaru storage and
Wind 4 MW/ 6MWh wind 2005
Farm, , Hokkaido, power
Japan stabilization
. Wind energy
Pinnacle VRB HYdrOKTissmama' 250 kW/ storage and 2003
e 1MWh diesel fuel
island
replacement
Dundalk Institute S
Zinc— 7BB Energy of 125 kW, Hyb\;ﬁ d‘”lth December
bromine Corp Technology, 500kWh . 2008
turbines
Ireland

27) A (2014) BES A4 7% D AT BF 2AL FRAPEHRATY,
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(&3 ZlEoldA ek vjaste] dyelrt 4o glo] 2 LS BelH, &
=24 AAel v Aol glo] FA RS HEo] g W&

~

) BE 60-80% Atele] e YA EES Holw, v oA UE
B

— Fe/CrAl RFBY] 4% A7]-3}84 Wb-g-& Aoy H- oA 2 &2 (membrane
material) 9] %7] %3 (premature degradation) A Ay

AR 45

(LE) 00 o] % XA = RFB7} F8 A7)} 37 A X

— Sumitomo Electric Power+s= Z7]9170kW/IMWhe] vlvE g4 S 29 AAE
Z7tol kol A XA

— 20139 7¢¥ Z7to)lx A o] 60MWhe RFBES dAds] A= =

(YE) NEDOOIA= 308 E3xa 30MW, 7~8A17ke] &9 7hs, oF 2019
o 7bA 109kl /kW(1.5%Hel/kWh) €] RFB 7l &

— T S f18 Erhilelld Winvilla 4ol RFBE 4|8t 2005156

&

¥ (HdE) 6,000kVA, (HAL3F) 6,000kWh(1.54F £3), (&) 84%

(1]=) EnSync Energy SystemsT U3 uldlselsE EFWHS Open
Access Technology International(OATI)el| 3}y o] Aol oA A&7 &S
3l Sfolr Y=Y AlAEl AL F

- 7] AEFA dyA 55 Y38 LiBS &-835tar 9o 7] A& AyA] Fa=

93 RFB A%

(7)) Imergy Power Systemsi= <] 2(Slag, 3 A4)¢ ®4F3] (flag ash) 9}t
e A BalEdA FEE 985% = wtES #EsE AT AT

(W] =) Pacific Northwest Laboratory 04?9 o] 71& aAAZTE F 9
MA Aoz hAste] 7[E tiv] FHf =2 dUAEEE YEU = A2
RFB 712+

(v]=+) ViZn Energy Systemol|A] Hecate Energy®} €381 2©ge A
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Wol BZ duddoez 2MW Zinc—Iron RFB &%

(5¢) nielP 28] 2 5 (Baden—Wurttemberg) ¢} 59 AW w S

(BMBF)+= &2z A% #4453 2838t "RedoxWind" Z=HE 31

B

— 2MWe FEH 7)o e R vhbs RFEB2MW/20MWh) & A4 ste] 52
A1 % =

CIERE TP
(F=) Wlold X de]l 1GWh, 5GWh 3= RFBE H|o]d Ao 14 & A5 3
3 =
(3t=) ZFdAvZ, ¢ OCl, dulFTad o 7=z H2, AuA4F

7 k=]

[}
z, Ta&d 59 Ta7Ide] RFB Azt A4k #vis g ~8, 25 2
o

Azge Agsa o A AFAY A9 F

=W RFB 8714 =328

8 50kWhit 25, IMWh A28 7 =

ZoAnZ ) ;
Fd A v ZnBr, Flow Battery | [0 osoiwh 2=ay 19 =
2ok OCI Vanadium Flow w kW 2Bl

- Battery " 100kWhiF UZ9T A9 3

Vanadium Flow

s34 Battery m5kW 28 &
- Vanadium Flow 5249 28T HA
Battery w3 HXE 100kWheg A5dT A8 =

A & o UA7|&=H7FY (2014) 2014 lURA7]E o]mHo]d 2w @ oA
278 (2338 ESS). o ux7|&H 719,



Al

Navigant Research (2015)% RFB7} '15d0] ¢k 19 119wk A= &2(A
AA a3 wiE g A 16%)S A s Aolm 15 ~ "2

54.2%% WEA AFT Aoz oF

— 21d7H4] RFBE &-3AdH] 2oF Aldell A 159 gele] Fol& A e Zlo= o4
AA A A ofAlo} A G (F=, ¥, Sh=p)o] FFAH] Eofo] RFBE 3
7V 2 A el & e EA4

— Navigant Research (2015)°] 2% '15 ~ 21 7|7t 52k A2 RFB A&

>=
[
sl T 119 &2, A 2946 urt 2, = 8x3Mnt o] Fab o4

Navigant Research (2015)¥ M9 A$ '15 ~ 21 Ale]o] 999639
wal gg] Bu)o] F9- 57wl e Fab oAt

R

juic)
o
oft
:(,)g
=
ox
N
X
olr
=
vs
N
fo
=2,
Avs
N
fol
ftfo
oX,
filo
i
o

— (59) Energiewende X271 =
A Aoz o] ASS 93 wieto g By} W ojxte] UE AT
3 ESS && 4+

— (v]=) g ¥Yo} = Self—Generation Incentive Program(SGIP)E %3 Ak

AA 2l Al AA-FS Hal A
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01 7l=< A9

0 71¢74e 2 W

o "ol YA E BE, A
25E dstety w4
Q= quUAY 7= % H29

A - o
% A2 AERIIAY AF FF O Q¥ el AseH  ARIA A 9 BeH 3
WYE E49I

o A vl ooluiA] REDE A, $EA S Lol molerag v dd
o 9 Q72 Ay wk wlolonj 2B £4§ A oz AT 5
DRANANE FEE 5 A lERepd FHE T

< vholQ ot g, whol T4, Hol Qe Hhol 97k B F2 47) ok
News A AF - ANz %R A9

) B, NG Helevla B f714 AN ZRE
o] =

zo
rir
P
=
oz
re
il
b
o

7 P g Ao o] Qo e} HErSo] ¢S
— (olenA) AR, BEAY AAZYEH 9 JE 04 gA ARE oy
# dpe) emj2rt el Qv A|WoRNE Moo~ H 23} WH--(Trans—Esterification) &3] 4o}%|

= d8E AAsY, ggel volovAg AwaldEd A8 Z(FAME: Fatty Acid Methyl
Ester)7} &

— (vpo]legtslA) 7E A8 FESAY wlg fARsE getd
(Paraffin) +2= 7%l wiol o~ f-2f &3lrh 3ES XA

% = nlo] @t Al (HBD: Hydrogenated Biodisel), BTL(Biomass to Liquid) ¥ w®po]QujA o3
o o3 AFHE vk dREo] ol T

29) 370 %47]% EFRAAL vl oo 1% He)
30) WL wAel ol FEH = Aot WeEh /1% olslol Y% WY Fulo] v} RED ¥
A7} ke ol &
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o Ay o 5o we} ol AL A
H}-O]Jo_q L ]1_ }' .Zﬁ—‘%oﬂ/\i_ﬂ 17%% %%}\6}(%7‘%7] _E_Xﬂ)

ol A9 A8 s

£ |2 T o=y e s st H ok
= T PN PR REpE
A=A, Ee AR edzdel A77) €2 b
.%37}1\‘ % 7l esEd HE’: N o8 A EA AE
o =3} nlo] © S b O] & DTN .
Hho] o B eo]-§ 7} L.UH_::} ;JEJ' 199 etfo] 9 otz & /ufo] ST Al fH] ThAh =&
g o |eTRAHLE VIE AR fARslY <zl iz -
A R : CREEd
£3Z 8 (Drop—in Fuel) I
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03 Value Chain

o] dm ol ALEAE AA dx A H gE, AAY, A8 H, FA

2] & 4979 value chainoZ T4

- (8 A4 2 S5 @A) vfe] w2 AAE 9 SR V), oyA Aw FF
A 71, 7714 JA4Y g1 Vs o2 74

- (A &A) vpolemx B Fr]Ad wAd B3t Tl Ad B g njo]
e & Ve, B4 AA Ve o 8a7leE =4

- (A% D) AFe(ER)E o] &3 A He )=, sersa) 2 Al

Ee A3ty He Ve T

=

o
[I=2

- (A @A) dgE mlej ey £, 4l B 5 7|se] ol &3

HOI2 OILIX] MM A 71 U AIAG 712

AR Yk 5l EE » x| >>

2
]

» = 3= )

(V) Hiole S=S(Es, REi8)

HiO|2 §ATE ot HHo|2 AUBES Hof 10|12 TS 2of

HiO|R 2ARS 2of
ER SR Hx2| 71E et 7lE S 7tE

y v v \ (v) Hiol2 Cd
HIO|Q C|™ Sof Hi0|Q C|& Sof HIO|Q C|Z 2of HH0|Q C|& Sof
HE MM RS T Tz 71E g 7lE Exi2| 71&

v v ONIEEES
HiO|R7kA HoE HIO|Q 1A Sof HIO|R 7HA E0f HH0|Q 7HA Hof
HE MM SR T Tz 71E & 7|1E Exi2| 71&

v / y \ O Hlo|2 Etstaa
HIO|R Ebltg2 2OF HIO|R b3l 2OF HiO|R Etsled 2of HI0|Q EtsleA Sof

HE Y g 7| ZxeE| 71E HelE =X 7lE
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04 7l=9 AAAE A &8 W4

Hpo] Qo A= A fof mpz7tA R A As FeE A% 7hesta 334
22 EG §AbEe], oA Bk o} 38 AnE F§ AHs
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1 37 e Azt 7]
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p=! =
— AA QA LA EF F SE FEol AXEE MFQI%)E 1Y
& o), wlol o ARE BET A FYFY LUE AFo] 5P Aow
A

w5k CCS7|s¥ A3NBECC)E A9 ¥4 (Carbon Negative) oy X]<d
o 2X AT HEFA A 7o The

— vpojodnm AL FAAR v vAWXR], SAsEE(SOx) 2 WA
71882 (VOC) 59 wiE&Ho] 34 A8 v & Holmg 7|5 o9
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http://www.unep.org/bioenergy/Issues/BioenergyDrivers/EnergyAccess/tabid/79398/Default.aspx (2

015. 09. 16 #AA A3})
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O F8=4 R&D

o vz
— =] nlo] oA FoF RD&D(Research, Development & Dissemination)Z
HEW, 20093 <9k 271¥9F T FREJ oL 2013doE ok 460 H

o FEoR i

o

* 2000 o] E AW 18.4% FEOE AEFH

o

72 ree F
e}
T

col A% L 485 WAl we Agow o) AYe R&D FA $1FelA
Gk £zl g e A4 Bl ole Rem F4

H2 5d%F v vlo]Q o x] Eof RD&D FA 7R (2009~2013)

1,400

12715 o=
1,200
1,000
8419
800
600 537.0
4605
o 3628
200
0
2009 2010 2011 2012 2013

#% &4 : IEA Energy Technology RD&D Statistics(2015)

60



- AdEs 2 AV dE5 2 O AHF 7]e T2 I3 (Alternative and
Renewable Fuel and Vehicle Technology Program; ARFVTP)S FAlo = n}
oleds st HA}

% ZEage 34 WEFSS AUs] A% BHon FaNe I

# ATUE - EUaR) WAk Fa ARAA A, Advkesh AL A, T2 A, ol
CRERS

© ERFR 5E HAVE o8 Aex }9} AEAR P B ANk A At
=9 HEx dow F TR X

fol& €°17] A% 54 W A== AL

— vlolo w2 EA I By 8 R&D TEIOPOR ular o UA|Fe] T3
o] T Alx ©o]YAME]E.(Human Genome Initiative) 2 WA ZH{H T2 13

0(

(Algae Program) &5 3
c (FH AE oJUAERE) FHA ok dgvlte] d3tor IR x= A
i AETbse vleleds ALl v A F, 29 =3
wAZE Qg MAEY FHEY AFFS JtsASteE A AR 7)E
A Agor AfHE=E g AF F
« (MAzRF Z239) blo] Qo] 7]==(BETO)AA
S 2 HAXFE o]&3 vloledn VE MY ¢ 83t F3

aTT=

# (SAFER) 250590 2
* (327170 2010938 20309714 =719 dA

© 3
— 4] mpol Qo X Fof RD&DTFEE 2009 65wt & o
20130l &= 34.890k &y FFEow Zha

* 20099 olZ AF 11.7% FTo2 AHFHoR Hadte F
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2}

i
r
)]

Wk g=re] vlo]l 2 oy %] #oF RD&D FAF 715(2009~2013)

65.0
o=
60
50.0 ALWA=IIE —117%
50
40 36.0
-2 348
30
20
10
0
2009 2010 2011 2012 2013

% &2 1 [EA Energy Technology RD&D Statistics(2015)
—vpolodr TREUNE BW LE4Ul LHs NEFE Al 9
so] S8 WA dm R ERAR

Obligation; RFTO) %=%(2008)32)

(Renewable Transport Fuels

71952 vid 450,000L o9 d5E AAY YA R FgE= o
T8 FYsta % JdE F9AE o o8 HIAE uid AAA A8
(Renewable Fuel Agency; RFA)°| mjd #|=

A HAZE veledmd g ALrbeA #YE Y8 wER st AANAEA
(Renewable Fuel Agency) A X]('07)33)

o3 RTFOSI A 9] Hlol ot Al 7]

2009~2010 3.5
2010~2011 4.0
2011~2012 4.5
2013~2014 5.0
32) AL @A, vrol o oA ol A H HAAA, 2014,
33) AAE, A&7Mse vpoledg e B Ay Y&/d 58, KIC News, Volume 16, No.2, 2013
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refining, Abengoa Bioenergia, Gevo 5°] o™ o|E& X3l nfo]Q
2 Key playerE9 ARE 23 28\
A AA vlo] 24 F & Key Player &3
Valero $126 billion A A
Archer—Daniels—Midland $89 billion Bl
Cosan $15 billion 1], g
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Pacific Ethanol $872 million 5
Gevo $7.9 million el
BlueFire Renewables $1.1 million 51
POET Bio refining N/A 51
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Qteros N/A Henj
Enerkem N/A el
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2015. 09. 18)

37) Timothy D. Searchinger, Lyndon Estes, Philip K. Thornton, Tim Beringer, An Notenbaert, Daniel
Rubenstein, Ralph Heimlich, Rachel Licker & Mario Herrero, High carbon and biodiversity costs

from converting Africa’'s wet savannahs to cropland, Nature Climate Change,
doi:10.1038/nclimate2584
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— ZTHAFHA7FAvlo] 2 A5 A (National Agency of Petroleum, Natural
Gas and Biofuels(ANP))ol|A A& /-5 RA ] ] d5F5dA A T+
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48) FEUIZABAIEFA T4, vrolodsel #S ALl ) A&7 VEe] AR 85l &
3k ZAF HalA, 2015.
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Soybeans

Algae

%] : Frost&sullivan, World Algae Biofuels Market — Strategic Assessment, August 2010
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g w AR

Hpo] @ mj 2 A4k B

Oil Source Biomass Oil—content Bio—diesel Energy Content
(Mt/ha/Yr) | (% dry mass) (Mt/ha/Yr) (boe/1000ha/day)
Soya 1-2.5 20 0.2-0.5 3-8
Rapeseed 3 40 1.2 22
Palm—0il 19 20 3.7 63
Jatropha 7.5-10 30—-50 2.2-5.3 40-100
Microalgae 140-255 35—65 50—100 1,150—2,000

spol vl s YA - Hl

Crop Oil yield Land area needed
(L/ha) (M ha)?
Corn 172 1,540
Soybean 446 594
Canola 1,190 223
Jatropha 1,892 140
Coconut 2,689 99
Oil palm 5,950 45
Macroalgae® 136,900 2
Microalgae® 58,700 4.5

22 : Yusuf Chisti, Biotechnology Advances 25 (2007), 294—-306
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bioreactor
| SEEI‘I! medium I

recycling

By-products

#* EA 04w 9 1, Az vlelo A A FA7)E,; |, KIC News, Volume 18, No. 3, 2015
0 AH71=53%
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