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IR FFSERMSE o % — (LCS) TIXZAVE T, KD Co, Mn, NiRIEMIEWE & BpAatn
EWE., 55 WITHTHH LLO ERIEME & 2 ) o RAMEWE ZflAaabElz) F LA 4
W A% E L, 2030 FE I Em B BEGEWE 2 W= FE oG a2 2 ME 5 [ /Whe, £ CTHIERT
BTHDHZ xR, —FH, RRFBHSOFEBUZMIT T, Fx RIKIKFE S AT LOttEE~DE
A ERARET H7-0120F, @), R R, K3 X MRBEERER AT D 2 LN E LR
b KfElE, VFULA A EME D ERLIE N RV —FENEFINTND Y F 7 5285,
BHIZOWTHRE Lz, BENIZIE, VFv s - 7772 Al ERERTCHREIN TV DERE
BT 2000mAh/g DEILE VT 7 = EMiE VT, 10kWh O EBERIE S AT L OF%EH &M
BRAO = A M2 T > 70, FHlFERICL Y, U F U LZEKEMD T AT AT XX —FHET
180Whg/kg TH Y, HiE= 2 ML 28 [ /Wh & 72572,

Summary

Center for Low Carbon Society Strategy (LCS) has been designing several lithium ion batteries, which are
the combinations of conventional cathode active materials, i.e. lithium cobalt oxide, lithium manganese oxide,
lithium nickel oxide with graphite as anode active material, and innovative cathode active material of Li,O with
silicon-based anode active materials. The results showed that production cost of the designed battery is possibly
reduced to 5 JPY/ Whg; in year 2030 by utilizing high-capacity active materials. On the other hand, introduction
and propagation of high power, high specific energy, and low-cost batteries is necessary to realize a low carbon
society. In this proposal, we examined a lithium-air battery which is expected to have higher density energy than
a lithium ion battery. Specifically, we designed a 10kWh lithium-air battery system for stationary storage, which
is composed by lithium-graphene anode and porous graphene cathode with 2000mAh/g capacity. Performance
and cost of this battery system are analyzed. This analysis reveals the specific energy of the lithium-air battery
system is 180Whg/kg, and the production cost is 28 JPY/ Wh;.
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1. #

UTAE, BBBALICEE D BEREOKEREDY 27 NBEINTWDLH T, HARD R 53R
A ETER 2 72 KB RICER D LA TV D, FEAE (2015 42) SRIZ/N U TRRMUTW S 21 [A]
[ELE KA B SRREROE S5% (COP21) ICBW T, etEETh 5 AARIL, PEHT 2R (LY
A % 2030 £ FE TIZ 2013 FEEET26% HIE T D L) BiEL . 2O HEZERT 572D DOH Y F1
HZRm LT [1]e 29 W ot RRFEHE S D ITIE, =R X —ERIEEAT)> BARR FE LT~
s L TS BERH D, BlzIE, HHGHITTH 2 KB ERESRABED X 5 72 H AR RET 3
NFX—OFAILRITINZ T, HBEMIZBWTERBEE (EV) 777421470 v NAS)
# (PHEV), EEHEFELEE EORREBHIFOE KIIHED LK IE LB 2 N5, KRIKRFLS
OFEBNZT T, Bl U7z X 9 2kkx RRIRFE VAT LD ~DEA - &R A HEET 57201
X, m), EAE, Ko X MeEERINEZMHL T 52 EBRMETH D,

LCS T ZHE T, HEKD Co, Mn, Ni RIEMIEWE & BNAMITWE., H 25V ITHH Li,0
EREE &) a2V RARIEDE 2 ALY F U LA 4 EMZZRGT L, 2030 FFICER
BLIEWE % V- EMD 2 A NI 5H/Whe, £ THIBATRECTH D Z & Z2Rm Lz 2, — /. &
KHABEMHOBFEME LT, 2030 4£1Z 700Whkg DL EDO =R VX —HEED H 5 LB N RD LD
0 [3]. =D BIEAERT 5 ECEEFMY 7 A4 A i, BREHRAICE L T\ D, ARTIL,
WA IR EMO P CHER = XL X —BENRE & 70D U F U AZEKEMOMRER N2 X MO
WTHRGETT 5,

2. VFULERELORES L VERET

2.1 FEEHERERDENR

U F 7 L7 ERIE 1990 AU D THAE S 4L, Y U AAZPLECT % 5,200Whkg & Y 9 S
HER T RNX —BELFF O 4], R REM] & L THiffsnTng, VTF U LZERE
bk, ZAUERFEZ EMR, SRV T U LEAMm, ARERIKREEMKE LTEETHY, Zh
5 & IERMAI ORI CRERR S D, IET DB, AREME DY F 7 LA 4 L IERIEYE O
LB IRFEEBET DIEFENE L TEE(LY 77 A (L,0,) Z24KT 52 L TENEHTND,
FEIFL SIS TH D,

ZE AU DOV T ORI ITEIL L TV . HARIZBW TRICMIEIC R TE T T
Wb, Bz, 2002 -~ 2011 FOOFFFHFEON, HADHFEEIE 392% CEALE 72> TN
5[5, £/ BARD 7 7o F 4 v Vo=V 2 = BIRE R E AT, 22K EmIC T D4
PREERERFZEM TON TWD D, T3 AT E 2B b Did7e < FERMBIZIEE] > T
VARILTH D [6], Z 9 W o TR A IS E 272 9 2 TEKEMOMRE, Fkoax b, BIOA
IR 72 RN & OB Z EE&IL L, FHET 20BN H 5.

2.2 TEEEHBOLHESH

ARIOFREIL, 10kWh OEEREE L AT LAEZHE L TR 5, VF U LAZEREMLIT I 12—
NEME S LC, BRI A ST MM L. S BICE DR AT D UGS IS AR D i
EEME L, B L LT, VF UL - 757 = AL B R Tl ST 5 A S e
2000mAhg DEFLE S T 7 = L IEM [7] & VT, 10kWh O E BRIEM S 2 7 A OkE & ERES
L0T = MEHE AT o 72,
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M 23— rEIDOREET

2RO RIAE DI TN D EMS— b 1 (WESAA) OELZX 1 0K ITRE L, &
M— NI, IE - BEE, E - AEEM, BN —& LEMIEP ORI D, K 1ITR
L7ekoic, VFULEKEMITRET AR, VF VAL F U EBBDPKIS L, EMmTRHEAK
Li,0, £ 5, IEMICIE, L0, ZINAET 7200 Z%EM & F300EEE BT 57200k
TRREHEPIMVETH D, ZOFMEHIZTHLOL LT, RSN EHIFET L 2E T T
T UERAL, EREEMTH D CufEd LIci T = 4 (RuO,) T/ ki il 2 27L&
7T 7 = U SBORIRZE LN AD Z A REE O ERIEWE & Lz (7). £7-. EMITZER %R
D ANDBENRLETHY, 22 T2 @HEMEMBOMIZY ¥ BT UV —IRORAX—V—% AND
HEtE LT, EXEMOAIEYE T RN ER Y F 7 LARMELNTWER, BRI F
O SA T ISR ) B EKAOIERE L, EBAAEEA T, BEN R b, 22T
XV F UL I 7 EAME LTERE LT, EMO YT 7 = L[E U < /e 22 fLFTES
D120, MR D ) F U LEREZOZEMICAND Z ENARETH D, EXL—F L L TE, A
MU SN Y T 7 AOEBBRILEE, ZEREKEERL, VFUAL L OMEEST DR
TIv IR =2 — e LT,
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ERIEYE 1S 72 0 OFE RIS 19.88g, [EAREYE O % f% 1% 2000mAb/g, £ 727+ 3.7V

THDH[1Z D, BEAEIT 14TWhy/ £ (Why, : FEM 1 RO RERE (BAZ:Wh), ST :
Storage) #/~9) EEtE L7z, BRI — N 1 HT2 0 ORESMEFONFRIZE 1 IR LT,

1 BEL— b 1R Y OBAATH

IERS ZN =

Hk fum] fom’] ]
EAEME (2 M) RuO,-Graphene 400 25.00 19.88
IFiBEEEM Cu 20 1.25 11.15
IEABZE RS ERBERE (RR—H—) 300 18.75 0.00
AL—4 2%) 539 IR 300 18.75 57.19
BBEYME 2@ Li-Graphene 520 32.51 26.64
BiBEEM Cu 8 0.50 4.46
330 JOELYh—FRRr—F 14.38 17.25
BB 1 (2 mEH) 1,548 111 137

AHETIL, ERoEMY— M2 4ERZT I 32— &4, A X 280mm X 280mm X
25mm LR SIS T 22— MUEM ARG Lz, ERROT I x— MeAEER 2 O X D Atk
Ehb, 71— ML 34keg TH Y, MO BEENRENEEEIG AR 3 LUK 2
T, K205 X010, A OEEITSRERED 452 505,

x2 FIxr—bEIL1EHELY DHERE

SEIR—FHAX 280mm X 280mm x 25mm
BT [V] 3.7

EERE [Whg/cell] 2,060

EE [kg/cell] 34

{K%E [L/cell] 1.96

BE T HRILE—FE [Wh/kg] 605

AEIRILF—FEE [Whe/L] 1,050

ESTRRBIR A AR AHR AN (JST) 3
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TR 0843 A
£3 TIX—rEILOEEMBEOEERNR
M [g/cell]
E18 5527z 167
RuO, 111
SRS 156
/\L—4 I3y IR 801
B8 Li €& 145
9527z 228
fRsE 62
N JoELrvhA—mRR—F 242
inF Ni A 8+ (EmRNERHF) 23
F 23— FEIFEMREE UNOF) 13
5 2 f— M )L RS BRI 16
INET 1,963
Z X 3x— MUNEAFE i) 1,441
&it 3,405
ZOAth, 399,
1% e IE1H, 4349 ,
13%
u%wg%%,/ N\ t/iL-7,
1,454g , 43% | 801g, 23%
WIER, 2429 ,_ . — 58, 435,
7% 13%
(ZILEE=E : 3,405 g/cell)
K2 SIR—rE/ILOBERMBOESEES
4 EHZBIR R AR RS (JST)
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(2) 10kWh £Eith > A7 L
AEOFFE T, 10kWh EEM AT LA &23%HT 5, K2IRTLIICTIF— M1 b

720 OPEREIT 2,0600Whg/cell TH D Z &N, 10kWh DU AT MZIESEHO T 22— MBS

EThHD,

U F 0 LTS EMITIE, BEER L L TR E WD RGBT L | il 2 V5 INEE R
D2FEHENDH D [8] V. Z T TIHEREBIEAL L U CRE Lz, KREBIEAL O E 7 — A 1%, 1EA
DA RE L e oG 2 A3 DBy —ATh D, EXEMEBEHIES7-0IC, LIF
(2R D 22 RIS E 2GR LT,

Ze R A
RSB B O G I LEARRIC K D ZER ORI L 72 B,

BESHOKGEERY TV LNRNKIET D EKREREAELTERTHY, £z, RO
LIRS Li,O, & RUST D72 KRR E bR FEZRET DIES AL 7 (PSA)
VAT KEHET D,

mESHGEEE 2 T 258 0E, EHBEER SRR R 2 ([T A O T, BFROM
o BIDGEENS VLB L 70D,
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3. EERAYVFVLERBHRSATLOIRL

U F U AZEFEMORIE T 0 A ZOWTIE, XA, EEHEER EOE kN TS
L=, HEPE 10GWhg, OFLGEZZ 2~ (10kWh EHEHLS AT A, 100 HH) ZHE Lz, £72, fF
FDIFRIT 90% L HE LT~y T I %— MEAOREMEI LR, B 1 b0 DOFEMEE 34
WoR Lz, EARMEFCHE DL D RuO, D JFATENE MA@ T2, E@EHM%M%IMHM@T
L7320 BV RIRO TR IR FII8H /Whe O 7 F1% 5072, = A MERD 72 I I3 ZA Tratkag 2
fRIEEDSVEETH D,

x4 FIFR— bELOEIVBRM R ORMFHERNR

BWETIRICE | g | RILBTY .
E ool pmEmE MHEE g o REHS
[g/cell 9" 1 [micell ST
5571y 167 187 | 10,000 1,867 0.91
S RUO, 11 124 | 200,000 24,888 12.08
FILZE 156 171 2,500 427 0.21
tAL—4 5392 801 842 | 5,00 4,211 2.04
Li &/ 145 164 | 5,000 821 0.40
15 5571y 228 257 | 10,000 2,569 1.25
SR5E 62 68 | 2,500 171 0.08
B JOELYA= o 252 | 4,000 1006 049
RA— b
" Ni A v X8+t
= Bty | 23 24 400 10 0.01
5 = x— MU
E 13 13 | 1,000 13 0.01
SIxr—rEEL
AT 16 16 | 5,000 81 0.04
INgt 1,963 2,119 36,064 17.51
T 23— MNERFE | SAL 1,441 1,501 50 75 0.04
&t 3,405 36,139 17.54

"HEDT 7 OEIEERAK THHN, CCTRHREELCETRELLM@EE LI (h—FRoF+/
Fa—TJESEITHELR),
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10kWh GEER U F 0 AZEKEM Y AT AOFEES L OMLE 2 X NOWREE 5 1RT, LD
B = 2 M E 197 F /Whe, 3 27 DGHE. KGR 1T 3.7 F /Whe, 225 AR 1T 43 1/
Whg, ThH 5, Fiz, PEIRR, KEEE L 2R EEOBEEES I AT A2EKD 7HITH -
7o WA ZOELEEE OB &AL 2 X MR L o VX —EEOm RIcHF5T 5, £z,
F 4R LTCIEBOJFA M 1T o A7 2l 2 2 b 28 ] /Whe, D 5 BIFREE & 705,

#£5 10kWh EBR Y FHOLEREMNRATLNOEE LEEIR FHNER

B B ffy BEIX
[kg/system] [ FH /system] [ H /Whg]
L [EH & 17 181 18.1
EE& 16 1.6
INET 17 197 19.7
an R mraa. e 12 37 3.7
EXMIREE T4ILE— 1 0.7 0.1
PSA 9 20 2.0
[EfEHE 7 15 15
A 4 3 0.3
AF[E IR 5 4 0.4
INgt 26 43 4.3
=&t 55 277 28

*10kWh Y R FLDREZERRE : 0.027 m*/min, 70W QEBEIBETH S,
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4. EREFMEARICAT HRE

4.1 EFBERVFILALAELE DS

6 ICBUK Ni R LiB & & H&E B & ARED Y F 7 AEKE MO 2 7R, 225 EHho
TV FL X —EEEENBUR Ni & LiB & 08 2.6 (@m0 ay, 22 MO BB X EMis e &
DIETHAGEB RN TH AT, VAT AT R/LX—FEEIHMR NI & LB LV 1.8 550 180
Whg/kg L7025, —Ji, ZBREMO AT LAa A MIBUK LB L0 1.6 fFE0iER Eeo 7z,

£6 10kWh Y FHLZEREME Y FOLEMS AT LDOLLE

G Ssh— b

IR Ni & LiB FH LERES
Fi& EiEA EiEA
758 [KWh] 10 10
I EE [Kg] 43 17
S RF LEE [Kg] 100 55
LT RILE—BRE Wherkg] 230 605
Y RF LI RILE—FE [Whe/kg] 100 180
£IL3R b [ MWhe] 13 20
SRF LR b [ Mhe] 17 28

4.2 HHFARICEYT HRE
Bk, EXREME LR IEH7-0121E, SORIETFAF—RBELEK A NERHATELIE
Tk, BARESE e & OFLEERFST & 30T, ARG OB Y A T ALEHIR OB B LETH D,
BARIZIX, LTOBERSH 5,
w AR, BB O BB . EARROG O ZEME, VT U LAERT U R T A4 Mk,
BRI D ZE TEVE T2 & ORRREMRER
m EiEERGE a2 o B
B RS DOKy E CLIRFE ERET D70 ED v AT MMeHdf
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5. BORIENT-HDIRE

AT, U F U L2 EM ARG LEROMRESCa R A L, 4%0 ) F 7 LAZ%EKE
MO R DT DOIZIE, LLTIRT & 9 bR PSS ETH D L EZ BN D,

(1) =RAF—FEEDM L ) F U LEREMOMGR TR —FEITT Y ) AZPET 5 = x
IV 5200Whkg TH B2, BROE /LT R X —HE I E 72 605Whe/kg I8 £ - T
WD, FEMEMISCBWTREEIMENZ ERFERTH D, EM, AR ORIZERREIC &
D TR X R 2 T00Whg/kg DL EICHR S5 Z L RUETH D,

() BiEa A NOHRE : ARED Y F U AEL[EMORE T A T 28 [ /Whg, THY, UF v
LA A EMED Lo ERERMTH D, FHTEMOFEMEIE NS 2T LG A M 2RO
5 FE Gz, EMEFCHE DDA OFMEIE R EmWZ ERFKTH D, A MEJE
DI=OIiE, Al CTEtERE RO RN MKETH 5,

(3) M AT 2ELEHTORYE U F U 22K EM A ERGT 572D, FEEFZEIET T
<., BMEBBT H7-OOBIIEIRDOEEN AR TH D, FlziX, EXOWAL itz L
DENATH O, #WiEZE EDO X HITEFT 200, FFEROEREY EO X 5 ICHIET 5
DINFZDWTOMERBNMLETH 5,

P

[1] T E) 2P & AARDEY M2 ] S84 & EL . http:/www.mofa.go.jp/mofaj/files/000087932.pdf.
PRk 28 £F 1 H.

[2] MR AL FEBU T T Befrds L ORI - th DR ST ) HITHES <A /=2 a Vi
RNLREDOTDDORRRE  FEML AT L (Vol2) —mBEELIEWE = AW -ZEho 2 X Mk
LR — IMSATEAE AR AR I, RSB LRI o & —. SR 27 423 .

[3] TNEDO —- Wk FE# I TBE % 1 — K~ > 7 2013 (Battery RM2013)J I S7ZATE A BT f /L F— -
PEZFEBANH A BRFEHAE (NEDO). “F-hk 25 4 8 H.

[4] K. M. Abraham and Z. Jiang. “A Polymer Electrolyte - Based Rechargeable Lithium/Oxygen Battery”.
Journal of Electrochemical Society, 143(1), 1996, p.1-5.

[S1T°FRL 25 8 Rrar BT Eh s A — AR L — ] K77 . SRk 26 422 1.

[6] [RHEBINAKMME Y — 7 2 a v 7 [RA MR TKER - FET A AL @EE] AT
BOENBHAEANIRBUSRE  DFFEPHTEIRIS £ o 2 —. SERl 23 421 1.

[7] Xianwei Guo, Pan Liu, Jiuhui Han, Yoshikazu Ito, Akihiko Hirata, Takashi Fujita, and Mingwei Chen.
“3D Nanoporous Nitrogen-Doped Graphene with Encapsulated RuO, Nanoparticles for Li-O, Batteries”.
Advanced Materials, 27(40), 2015, p. 6137-6143.

[8] Kevin G. Gallagher, Steven Goebel, Thomas Greszler, Mark Mathias, Wolfgang Oelerich, Damla Eroglu,
and Venkat Strinvasan. “Quantifying the promise of lithium-air batteries for electric vehicles”. Energy &
Environmental Science, 7, 2014, p.1555-1563.

ERIOZRAFEEARERARESRE (UST) 9
BRI 2t > 2 — (LCS)



ERRAROERIZFAIT:
HiS & URH - HEOREHS T U IZE T
1A/ R=VaVBRIRDEHORESE

Bl

SBHhATL (Vol.3)
— ) FYLESE RO R b & ARSI —
k2843 A

Secondary Battery System (vol.3):
Cost Evaluation and Technological Challenges of a Lithium-air Battery
Strategy for Technology Development,
Proposal Paper for Policy Making and Governmental Action
toward Low Carbon Societies,
Center for Low Carbon Society Strategy,
Japan Science and Technology Agency,
2016.3

EZRFAREARFRMRE#KE ERFAIBBELO 57—

ARRXEICEAT I 2EBIVEHESL
QIRENEICDONT - » - BERFUSEH L 42— HEE B A (I-Ching CHEN)
O ERFEHEEE L A—DOWMYMAAIZDNT « + - BREHESEE L 4— TEEEE

T102-8666 HIRANTFHHARXMEFAS-3 HAIURTSH 4K
TEL :03-6272-9270 FAX :03-6272-9273 E-mail : lcs@jst.go.jp
https://www,jst.gojp/lcs/
© 2016 JST/LCS
HAECES BRI HIEEELET,
SIAZETORIE T HAE R BRENET,




	名称未設定

