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ltem Dimension Content

Wh/kg Maximum energy storage per 1kg(12)

Wh/2 The bigger number provides less space
Charge/discharge (A) ratio of energy storage (Ah)
1C = Charge/discharge from empty to full in one hour
5C = It takes 1/5 hour

The bigger number means higher rated power (kW)
with less capacity (kWh)

Efficiency of discharge capacity vs. charge capacity
(100 —Energy efficiency) means battery loss
Longevity Cycle Number of charge/discharge cycling times

(Cycle life) while keeping the specified performance

Cost S/kWh Cost per kWh

ZBMDBEHNRBEADERICETIL, Crate, Fai. IAMEE

Energy density

Energy efficiency %
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Category Battery C-rate Cost per kWh

Advanced lead-acid
A Na$S Small Not expensive

Redox flow

Lithium-ion Medium Medium

EDLC
Lithium-ion Capacitor

Big Expensive

NaS: Sodium Sulfur
EDLC: Electric Double Layer Capacitor
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Charge fluctuation .
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Ry | «w (BE—DEEM T, BE(kWh)*OC-Rate(kW) D

KW T — \— ARy (ZHY B FIZRECADAL
Battery2 J&Z KW Hett 1335 B)

_ — HEssli%/z(D BN EEERAT HZEIZKY
Discharge MEEERERL . BFMICREICT AN TES,
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INELNC-rateDE B M (R MEZE E ) A Batteryl (L TLVS,
RELC-rateDE B M (ST ZE F M)A Battery2[ZEL TULVS,
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n)[FDOD(Depth Of Discharge, I EEE)IZIKTFET 5,

n[EDODZFEHTEREIT IVENDHSD,

S AT ILE(Fh
L=HM>T. Fdp

Dog#fr 7 )LEL DB

DOD-H AV ILE D FF1E T
1000 ZBRMDIELEICKYEL S,
RELEERTE
FAILFHEHIENEIRMIE L
-SMEEEMTL
H AL ERHAEVNETRMNERL
0% '25% '50% '75% T00%

Depth of discharge (DOD)
#1:F. Liu, j. Liu, L. Zhou, “A Novel Control Strategy for Hybrid Energy Storage System to Relieve Battery Stress

24 |EEE International Symposium on Power Electronics for Distributed Generation Systems, 2010
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Cycling times

SEMIRNZ=EH I EHFEE
0% |25%B [50% 175% A [100% 1: *760

DOD
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2FEFE D HESS
(1) Advanced lead-acid (A) + Lithium-ion Capacitor (C)
(2)|Lithium—ion (B) .+|Lithium—ion Capacitor (C),

Battery1 Battery?
B A g C o

Advanced e : Lithium-ion
] Lithium-ion :
Lead-acid capacitor
300.0C

10000 cycles

at DOD 30% at DOD 70% not related to DOD

4500 cycles 6000 cycles 1,000,000 cycles
at DOD 70% at DOD 100%

Energy efficiency
250$/kWh 1,000$/kWh 68,0008/kWh
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(1) BRIZEID FEHA
EROEFHFEHFDOFEHEZXHL VS,
10-207' B8l > 157 FEEA
3105 B > 659 EH -
135 > 25 EH
2) BRZEEIOH—T oo
=ARZTHENS,

MW & MWh are supplied by Battery 2. +—__

A MW

*
0 / 7.5 15

t (minute)

MW & MWh are supplied by Battery 1.
Given that Battery 1 rated power = A MW,

010-20 —-A % 7_5 7.

Energy (MWh) = ( o T 6—5)*A*§/(Energy efficiency)

010-20
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(3) Batteryl&Battery2 D 1% E]|
Batteryll&o,,,,, D —EHAHWIIEEZHEHHT D,
Battery2[E5%Y Doy, &0 10 0o HHET D,
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Calculate Battery1 capacity (MWh) =
Step2 rated power (MW) / ( C-rate * energy efficiency )
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Calculate Battery1 capacity used for oy, and its DOD,;
Step3 Calculate Battery1 capacity used for 20y, and its DOD,
Calculate Battery1 capacity used for 30,4, and its DOD5,

Count each cycle life from DOD,,, DOD,,;, DOD;,
respectively with DOD-cycle life relation

Step5 Calculate expected life cycle
with normal distribution probabilities

Step6 Calculate Batteryl expected cost (MS/year

Step4

Calculate necessary Battery2 rated power (MW)

Step7
P = 30, — Battery1 rated power

The following bigger number is necessary Battery2 capacity (MWh)
* capacity calculated from Battery2 rated power , C-rate,
and energy efficiency

*(30p10-20+30p3.10+30p1.3) MWh — Batteryl capacity

Step9 Calculate Battery2 expected cost (MS/year)

Total expected cost (MS/year)
= Batteryl expected cost + Battery2 expected cost

Step10

If Batteryl rated power < 30p;0.50,
Stepll Increase Batteryl rated power by +1MW and return to Step2,
Else end
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HESS(1)
Advanced lead-acid + Lithium-ion Capacitor

Cost (M$/year)

110.5
"~Simulation
step/

Lithium-ion
capacitor
(Mw)

120

Advanced
lead-acid | g5
(MW) gq

/N Rk = 90.6MS/ 4

Advanced lead-acid = 33MW
Lithium-ion Capacitor = 87MW
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HESS(2)

Lithium-ion + Lithium-ion Capacitor

Cost (MS/year)
110.8

102.2

{___Simulation
steps|
93.8

Lithium-ion
capacitor
Lithium-ion 1=y g

(MW)  gg

=/NEAFORN = 77.1M$ /4
Lithium-ion = 43MW

Lithium-ion Capacitor = 77MW
(FEL SR B il 113 R +0.225/kWh)
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Batteryl M DODMIEF IZ/HELY,
(1) BatterylldB=(MWh) XY HE A(MW)Z L ELET S,

BHX, BEEHOH—TIIEIHAEVDLYIZABNEL NS THS,
(2) Batteryl®C-rate& LFE(1) kY. BE(MWh)D—ERL AMERINZELY,

40

%
35 1N\
Lithium-ion
30 1 b A Lowest expected cost/year
o \
Q25
e \
g
(S
%20 N
u><_' \
15 \\
5 +—— Advanced lead-acid \‘\
0
1 11 21 31 41 51 MW

Battery 1 rated power
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Batteryl DIERYDBE=ZE—VLTRZALS,
EE(EMBD1/3) -E—4r53.16/kWh. 7RE111.82F/kWh
EELISNERBD2/3):  REE128.18M/kWh., & HE111.82H/kWh

E—J TMI&LBEREBEIHEDEZTINALT D,
(BRDFHREMHICEHST . BEADOD 70%E T, TE-ME
TEHLDET D)
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MS/year
115
110
A Lowest expected cost/year
105 Advanced lead-acid
. Frequency control
100 .
S eseeen Advanced lead-acid
48: . Frequency control
8 Peak shif
S o5 + Peak shift
s .’ = o |jthium-ion
< Frequency control
X 90
=== Lithium-ion
85 AN Frequency control
\ + Peak shift
80 \ z
Cd
s~ ' /
75 T T T
0 10 20 30 40 50 60

Battery rated power

BiFFARARNMS/F) T ZENTE /NS,

1) BREEFHOFAHENEFRTHA=-OEFEMDFamHEL.
ZTORNDE—DLTMIEKBWAIFEEMAR LB T HE/NELY,

(2) E /7/7I~Lot%>lbl)\%0)%0)7b ZEEMARMELERT HENELY,
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stamura@meiji.ac.jp
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