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JERIRNE D AsER - HEAIESERE LT EHRMENEATT R - AUTFTEIL BRI HElRE R &
B AR MEEEEAL - SRR RS R - KIGRERE - B3R EREIRNE
At B RIERERE T o B B R 3 SR MR A RE TR A L SRl - R R R Ry RE TR Y B 2 H
R DLlaifliieft &t (Vanadium Redox Battery, VRB) A EEAE 250 P E Ryl RESLH - (IR AR R

RERER S A (LIRS - R B RE TR R AR B Y - SEpittieg - Al

BB YA B

BRI AT AR A - (EraaUAE B HETL B T34 - [RIRF SR A TR PR BRI TRER
SRR LEE - VTSR RS E 2 R A R - (& - FIHEEEMatlabakat RER B HR
% > LAMatlab/Simulink # 17/ R4 S ALHET T E © WISTEERBUR - BRI AT EaGT Z AR
Rl - B AR DA% ERS MHFIL - A FRLTRD S 6% TERS MHFIL o

FA5EST

1.8 5

DA B [ P B A B e TR IS A PR R L - DL
{EREIR B ERVE SRR Bt ESS A B M
KEEKCEHIRRR - Z RS RER (A
A% > 2RERERERAREIA - 28
BURETE e AmEA] B AR - Bt DARRE - ARE
[FEREBUE BRRG VIR RS » =kt H AR
S48 Ctb(Lin and Cheng, 2022) - FARETRE ¥
BRI R IESUN = RAe P E R RAYEE RETR
H1$EEHE(Chen and Lin, 2022 5 Qian, 2019 ; Roth

VBT B SR A S R L B 22 AR
L EALRHE RS TR 4

*EENVEE o BEEE  02-27712171#3604 > & HS © binhaol 7@ntut.edu.tw

REREIERE - BERRMER @ HeeRR - 2NRAEM - ATEHERE

and Schill, 2023) ~ K[5EE(Voss et al., 2021 ;
Fasoli ef al., 2021 ; Michiorri et al., 2012) ~ Jg7%
#E(Magagna and Uihlein, 2015 ; Gourvenec et al.,
2022) ~ #tZ4(Joshi and Khandelwal, 2023 ; Benti
et al., 2023) ;A& FE 5 (Kirkels, 2012 ; Szarka
et al., 2021)) - ZAMM A AEREIR K % Ry ek 4 AE
W REIRAVBERG BB RN A AR
Ve > HAFETRGEER G - AR E
Bk - EER-ARAEESOMS - G4
HEARE - ERER - L HA S -
S W R4 AR R T AR R - HLpl R — T
W H 3: 20244205 H 10H

{E1F F HH: 20244207 H29H
B HiH: 2024408 H07H
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HEEH e ZRER - I A It EaH > IR
REFARRERS - fFAEN  EeAafiEE
RERALE A el - FREERE RSt E ST - Al
HA > MBS EAEE > LB EE -
7R R R e R AR R E AR E D
(Zyryanov et al., 2020 ; Sadeghi et al., 2023) > {E
Fo B FHREIRAFIN - B0 Pl BRI B FR AR
IR B4R HEE A (Al-Bahrani ef al.,
2020 ; Tan et al., 2021) » JHES S 25 Y &
[F R A R TR ] B S BRI - EBARE
B O AR EOER N - HIRE IS
T M B HYE AR - 2RI > FEE M
EX > BEHEREEEN > ZEVHEE
K PIgn20224F 227835 4303 (B g (M 22 5%
BRSSP E R R -
NEGEE L T > SN EEESS0E P25
2 PERNHEBI2/NE - 2018~2023F 278
R E N REAPEEL > SERUTEEZEE
EFZed  BEZNERIHEEREE
o

AR AN BRI E S HIRE RS -
DRI P £2 38 HE Bl — el S B RE TR A SR A BE T 44
HIBTFERIRHT - BITH R 4E(Wang et al., 2024
Zhou et al., 2022 ; Zhang et al., 2016 ; Huang
and Mu, 2021) - flEHRE S 2 [ HGUE -
HEk -~ R E I RS > ORI AT

F=H DPEREI113F9A

B4 H E @RI A4 - BN —fEE
PEAREREE JJ4EES - Ry BRI E ] Rt R
TIB4 H e ilT > — » BATE AR WE
MY AR RERAIK S AE SR AESE - A B RER
BE G AE S R RE R Sy BE R (L 45 BB AR T - 0B
AR RS S B T =0 - WIS B
AR B ES TS ERE I ME o [FRF
kDB (S ERA EEREDHAE - BRI REJRAYE AR
o (RN W R o R R pFEIE
BN S5 (Wang et al., 2022 ; Li et al., 2024 ;
Choudhury and Sahoo, 2024) » JlEFEEF » F
BB A T =REE - EEREMEE A
BB - FEE N R AR
FERERGFIEITHE - SUBEMERENTA RS
Ko ST - (I EEAE R AR A R
e e TEY o IR E R R BERE
TR BT R B EThERTOR - AR E ARG
2 BRIV IR B R84 0 JRECEH E B
AR RHITZ -

TREEHE R oy Ry 2 W BE 4 ~ ELUR W EE 48 e
2~ BEfUREMEESEE(Lede ef al., 2017 ;
Kumar et al., 2017 ; Patrao et al., 2015) > R0
EAZRBAE L AR - R AR - (EH]
B R as B R o B RE R B B A Y,
A R R B P 2 0 (e R = B4
TRENE - BB EEGENR - ] B ek 25T

S S
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ERAE © Kumar et al., 2017.
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b LRGP - fEHE A UET - Of
PRI TH > SO R fE A SR B A B £ B A
[FIRYEEERASERGR M - B E M ERR L
IRAEEL - OB ZEN HRE T #
& o A RIS AR M AN AL BS  ERE
o M ORGERRT] > (ORI B E S ST H
B e

H BB 2R - B
AR AR TR R R I ERTR
YO FE > BLATR AR SR AH L H B S TR AR R
L AT B B A P X £ S st e A EL AT S0
TR B = B RE I RE JREHASCR (Kumar et al.,
2019 ; Pires et al., 2023) » ﬁﬁﬁﬁ/ﬁfﬂ%%ﬁﬁif
EBEOHERT - JHE B Y ) O R R T R R
R e B b HE@E.E’#?QE’]%%EE?]%
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TEARTT - MBS K PReE TR e %

X~ HAUREMEESEENESFR > &
B E AR (ERL - KT EE ) 295k
DZENN P G L SR SR W Tk NG =E 22 =
B LR EE I > KRR BE TR
HERCHUARAE © SRR BB (A D AR A
[F] > ZERPEM] ~ DORPMr ~ AR E R HoAth A
B E S ET e -

AEJRE SR (Energy Management Strategy,
EMS)E"JE%ET?%%%%%EE@@E?)?W%W%

» FEF A A(Rule-Based) Yol » Hatat vl

BEEZER - MEAR SRR
2 E{b(Optimization)Hy5EHE (Farhadi Gharibeh
and Farrokhifar, 2021) 4 FI 5 531 3
5 HAR R B P (R (E - b AR oy
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LRl © Kumar et al., 2019.
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Ry W B 701 - B R ARy #2E f0 AT By Ry A
IR Bl (Deterministic Rule-based) S EA AR
All(Fuzzy Rule-based) il & fz (Lo 7] LAY
By 4 I8 (£ {(Global Optimization) 5% B H[IH
B #{E(Real-Time Optimization)5Hg - & 4Ff
5o

AT (Rule-based) Ay AE J5E H 5l
S HAE A MK - SR EE - 5 RS
= Eigse R o BT A (Deterministic Rule-
based)Y RN T4 - MRBEA R & #IHRF
R~ A RETR S B B B RE R T ERIRAE
BT & BE 5y - B AN
TTU AR 5 PRI AI(Fuzzy Rule-based)HY 5
& 7572 (Balachandran et al., 2018) » &+ ¥4 EL
% H R R 2 Rt - 45 S I
HIH RS TR B L L 1% - ETTRER
STECE TR o AR K AR SRES BT 0 5T E
BHEEIE - HREEERETE L #
JEVERHE - % E{L(Optimization)FYAEJRE HIHR
B > G o AT B E E R E B A F TR FEK
A #(Cost Function) » [FIEHE & AR 280

F=H DPEREI113F9A

PR R T SR i/ IME Z 3%aT - EHR
il H F2AY (& {b(Bianchi ef al., 2011) » FfE{EH
A Z RS R oy Ry W 0 o3 Al Ry e EEAB Y
(Global Optimization)&sH[IiF i (#{E(Real-time
Optimization) Ay 5RME J77% - &I ELF TR
REEIE YR e A IR N #E T RETR AR R R AL
Rzl 5 BIRF i R AL RIE L PR EE 4 & ARG #E
TRy AR 2] -

T ER AR R I A T B ER R R (L A Py LA
PRiUEEAGEE I i B IR R R — - BEE RN
ZRfEEER » SRS EEH RIS B R ERRE
TR EDE - DU e A S5 2 Tl B 4 2 s
PERFRK o Saif et al. (2013)f@tH T —HEALT
B Ak T EEE{b(Particle Swarm Optimization,
PSO)&E & R FEBIRR IR » M B A 42
HEEEERE » WIEIIPSOMEEIAN H AW
B R EEAEE A Askarzadeh (2017)
{6 A3 (LR E A (Genetic Algorithm, GA)
T RERE B AN BRI - 1Rt E
WEEHHE ¢ Luo et al. (2020)% E i g0 H0X4
(Bat Algorithm, Bat) » %5 @ K F5HE 4B L4010

(Energy Management System)

(Rule-based Approach>

|
| |

(Optimization ApproalD

|
| |

Deterministic Rule- Fuzzy Rule-based TP : L
[ based Method ) C Method ) CGlobal Optumzatlon) @eal—‘ume OptlmlzatlorD

\ / \
e  Thermostat Control e Conventional Fuzzy e  Linear Programming e  Equivalent Fuel
strategy Strategy e  Control Theory Approach Consumption Minimization
e Power Follower Control o Fuzzy Adaptive e  Optimal Control (EFCM)
Strategy e  Fuzzy Predictive Strategy * Dynamic e Decoupling Control
e Modified Power Follower Programming(DP) Approach
e  State Machine-based e  Stochastic DP e  Robust Control Approach
Strategy e  Genetic Algorithm e  Optimal Predictive Control
e  Adaptive Fuzzy Rule-based

BRI © Ao -
&4 AETREE ASUERRA SIS



FEZREHEEEARE - REEELRG
{TEIELUERS EREE 2 sEJREHE - AHEEPSOE
GAJEEE » BatiE R I Ky PR Aghdam er
al. (2020){5 & 45 45 F2(Chance Constraints
Programming)$t ¥ & Bl B 4 2 S T THE A HE
o IEEEMHEHIRER - BAEE RS
B2 20 2 15 BB A B e BE T 3 5 SR B O
b AT A YRR R A -
I EL 2 N TR (Artificial Bee Colony,
ABCYHBEIAR A RENR - (ERESH - HERET)
ForaelRi e o B AV RE TR Bk
FETRNE o N THEREIH FUARTHIRE 280 B it
Weglh - BIEFRI I8 ~ FABREE 158 - BETR?
EIE S H TR KRB ESL - Bl B REER B RE TR
EEERMEENEA RN EEEE o B
» HEABGRIRE M » E ¥ € E N
BRIGELNG - RETR R REIRERE - TR
ZHH G AR ENE -
EEERBOED MR T - (F4RHYE
S EE o PR AU - fERE - T
BT o A - FERESIE R M B AL TR
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C o 2 > Hopw KA FRIR i G40
RETTMF ~ BT - HWEENE - ARSI AE
RS FRIEZS0 - BAHE & 2 &
BEFTSEE I EAERIRRE M ~ RAE K AETRAL
RE - YEPGE GRS IHEUETR - HEED
YRR ER RS AHE - H8E KA E
R > TR TR ETTYIREE
I o a0 {rr A SR i S B AE TR B e e PR
TR E RS -

AT FE L —E AR Y R 4 R TR EE A A
BasIlRonElZ Fre Tt - SR ER
KIHRE S AL ~ JE\ 788 R R AL 1 R RE
AL AR AR ARE - L&A DhRE Bl
SR B A A F R AT 2 R IR 72 2B I IBEERF Ty
Ko HNHERIER 2L EBREEINIR  F
A RETR A R RE B E A R HVERES [ A AL RETRAY
SRR rhlE S EARR I R E] A R R RE TR
oK (IR A AR B AT B - AE
5 o SERRIAEMHEITS - I EEE A F R
BREE -~ B R KIS RE SR EE BRI E AR
M %M (EHECRE R Bt BT T3 2R
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RREEAMEEDICZREL - RE—FH
WEREIRFHL RS - 35 > B A TIEREEEDA
HELTREIRRAE - DUBDBRERIUE Ry RE TR R ERY
EREHEE BB SR oy i A
RETRHIZIR » SRIGA IR B Z B8R K - il
s SR GERE © FERE AR LA RS - iR
H ¥ AE Matlabe st AE RS BEORHS - L0 FR
MEADETEEE R o IR TR ERE T
SRRV BRI - RERRE R EYR
SEE BRI R AR - DR
SHEEEIES NEEE P FRRE AL
RE USRI R RE T A FE AR R AN — S B PRI &

RS -
2. MEMBREREERRMR

2.1 2 EREMNFNSBERTY

4 #3%% B t(Vanadium Redox Battery,
VRB)HY B il v AR HE P RS M 35t R ]
BB AR HE BT R
EE R o7 AR R [E R 8 BRI R (58 1 -

Iy

A

F=H DPEREI113F9A

PR A T A B & T
MERET  RIEEENEHRESETE
e AFGR - EEAAR - HIFRERRT
HH 2 EARR AT EE G - B R R A E R
FEAHYBEEEY) o BRI AN Ry Bt B AR T B A
FEFF MY E(Zhang et al., 2009 ; Zheng et al.,
2022) - N EAH TR RAR R LERR IE
AR PR R L B B L2 AL - R e AR
b FEE I T B A B 2 By S o A
bHFE e PR B S B s A PR P B I~ B
-~ BRRFNERRS T REE B
EFHERZ JE(Chahwan et al., 2007) » B 675 ©
B U, R B s R 1, Ry RO B
TR 0V, BRI FA RS EE R - LR
B 67 % BT R R AE(State of Charge, SOC)H
2 WHRERFENIITAER [ hREE > K
TEFURLET © RTEEREENEFAIGME © Ry, Ry
Fo RO B A S RS Y P A B P B S A fH A
e EEN - WEEDT - ERREDT - B
FEHTEERAR AT - C, HEEMRER - 2RI
e B REFIE -

R AT 75 fif K BRI 72 2 (Kirchhoff Circuit
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LHIACJE © Zhang et al., 2009.
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Laws) » H[{GHIKFZREE AL - RoR R
(1)

U,=U,+IxR,
1,=L+1,+
} (1)
I1=1+1,
IC=C1—dU”
dt
U =V +I xR,

EASOCTIRIEA Q)T EIGH -

1 ¢t
SOC = SOC, +C—N jo nl dt )

SOC, M WIGERE © Cy HEMFEER
B BRI A1) - HEEHTR 2=
(Nernst Equation){5H1=((3) °

RT . SOC
E=E,+—I1
T M Zsoc 3)

AQ)F > EREMER ; E, BIFEBMKRER -
Fo A F BB RORE N EEEE(E - REREE
B TRIRBUNE © FRIZANISEEE > HiRRE
A EE N R A AN (4) -

V=ExN
’ 4)

(1) ~ () ~ ()P B HIR Btk AR 7S
R TAZE B (S) -

M, Rtk R x(Id—I)+Nx[EO+WlnSOC]
@ RRARIGRARIG T RG LT F IS0
di”:lxld

P QD) PRIy B iy L T A2 401(6)
R

U, = S xU +

‘R +R, ¢

R2 R3
R, +R,

x(I,—1,) (6)

BT BR, ~ R, ~ R, R C, fiei 558
Hes M HEEGEESOCE Lo -
PEAIH ST B FH AR ER 55 /N J7 74 (Recursive Least
Square, RLS)HY 77 A BB A 228 -

EER B N T R R A — I S HE
FETERSE > &
_ RA+R+R;
" R(R,+R,)C,
F(5) ~ (6)ME(T HEimm > T {EK(8) -
OF

™)

1 R
—X 7X|:
s+ {(1e2+1z3)cl

U(s)=— L,()-1,(9) ]+

1
RC, v, (S)}

1
SOC(s)=—xI1 (s
(s) c. ,(8)

®)

R
U,(s)= 3
«) R +R

R RAKO) T AR AL
= (10) -

U )= 4 | xi+
R (R +R)C 5+

R2R3
xU, (s)+ mx [1,5)-1,)](9)

1 |
&ﬁmwuﬂv&%quwwa

(10)

2.2 XIZHERRER

K5 e B By — T A A RE A BE BB Y
JCEE T (Al-Ezzi and Ansari, 2022) » BHAE K5
RE BRI SR BB S AR AL (S Y BB AUR - S - B
GREERH ~ B EE S R R P RE B YRR - L
A5 A8 IR, SO BN, 12 5 24 BE JRR
#5257 (Kumar and Singh, 2018)4[1[&E 7F 71~
BB AT DL A o A E st R I RE B 21 45
FEIBERIT YRR ER SR 0 AR ARG
B A FEHR R RO T VDR WK S5
PNCIES AN E S

Kigae s R (DR

Vi HCR,,
"N ~ N V. R

Ly =N I, = NI exp| ————— |- 1}-| (D)2 + =,
v ANY, {NS R, R, }
(11

Hry, af=(12)%r -
N kT
V, == (12)
q
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F=H DPEREI113F9A

(Ny/Np)R;
AN

— }

] Array

ZlAcJE © Kumar and Singh, 2018.

[E7 KPHREER

K1) ~ KA2)HF - L, B HREGEEIR(A) 5 [, R
fRAS A R BRI AT (A) 5V, By RS s BR(V)
AR PR RS IR OB BT I Z8E) 5 &
Folli 222 H 81(1.38%10 2 J/K) 5 ¢ R8T RFF
(1.6¥10"° C) : TR&EELRE(K) + R, Ry R T
(Q) 5 Ry, FlGIEPHETL(Q)

2.3 RRESE EREER

ASLHBEFNordex STOR\ )55 E i Ry i A
A28 > Nordex Ry fEEUE V) 35 dE ikt ~ Bk
B BRI s - R R Z AV EE fnd &
e Z T RIS ) 3% SR E TR R D 35 2
55 BrT R DA b JRATER A E L
JRVEE i - JE\ O 5% SR A A H 2 (A RV EE A 4
ko EBSEE R Bat R TP AR IR - &
R\ 96 JE VB 255 = B AT I ABE T > e o LA
TR Pt e B LRz i R ) e B A Ryt
PREE - TElsAy B EE 5 B R R e ) 5%
BAE T > BTSRRGS0 R
0885 3 LR RIRE D AR V) BN FE A R PE SR Eh -
RIS EEE B R Y - BERTIENL T8
i - Big ERVEREIER S EE HETRE > P
FREET > TR LR AR RE I A Ry B RE - ARIBH
2 E H(Betz' Law) » JRUBESEASE M HHRHAL -
ot B A O e T ol L e R L P 593 % Y BE

AFEAH A

& o Nordex S70J& JJ&2 BN TIR P2
FEGE YV ~ RERHEE 1 K EEEF A GEC,
2 NXA3)~=(16)FT7~ °

1
p=2 pC (B AV (13)
Vi R
A=t =2 (14)
Vwind Vwind
A= ! 15
i 1 0.035 (15)

A+0.088 B +1

830 -26.5

C,= 0.0655(7— 0.48-5)e * +0.00551(16)

Hep(14)~3 A7) R 2 EEE 2 K EAE ] FH 4
8C, Z5TH > Iy 2#5 Nordex STORYZIHS:
8o h p BZERENL  p RAEHERA o BER
RIUGZRIE 5 r R\ S5 A IEER-F1E 5 R e

HE

2.4 EHESHIRDNT

(HBE RS A T (e B D b R
REGRIE R T - EIRREIRBLER Vi S
ARETRAVAT IR - & HAREREEEMENK
RF 7 2 BRHVAE R - MR TR A RER B S #k
WP R AL - PR A EHEFR KR - It
DR R EGE E MAGE L E - AT
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G CHUS R R AR A — R AV A s
FERSFEREER - HEGOAXATFTR -

PLoad (t) = PPV (t) + PWind (t) + PDiesel (t) (17)

H P, () FEEHRTEK © Pp() R KIGRESE
IR S Prd(t) BB BERVER BRI 5 Ppye(0)4R
I EMATRER - EMEM RGP IIAGEE
24 MHEXAVEREER > BEis A\ TR
RURETTEERE S RE TR PR - AR Ry
FHAE S SR AT E((18) R -

R/RB(I) = Plaad(t) _[PPv(t)JrPWind(t) +PDiesel(t)](18)

H P p(8) Ry RERE R HIIHRGREL » EIR By
BiE TR RFR R TERE - ERIE
1B FRGERE RS R EEIRRE - ASCE T
AR (EFH BB ST O A AT B S A K
KA RE TR S B R (F Ry A — H AR
R - AR ECE T 1] BRI B ~ By

BB RIS -

2.5 IWRWGERE

HE S P 11 2 B R B B (R B ) A5
MREE(T  WEAEHENNEL  BRAR
TEM R A 2 B T B K » $E AR E
B S5  IE  (EER  E y E RE ) » PAB %
R B IR - ARBSE O R A S A i
B S 1Y e (B TH R T A, » eI B 75 (T 2
EAlA, - FSEIA B R AN AR S B
SR - 7 IR R R AR
HANFFIR © Py e By IR EXH A TH R
Pty e BB ELH T o

n= A" (19)

v

ooy BofRE 2 80500% -
BEAHE L ETEENMG BB
Y 5 AR b o Y Sl 2 2 e e e S5 K > (A

KB E A BRI NEREH T - &5
— R Ry 4 Y EE e o KR A
AR TFH(20) © Er=1, > HFFP,.=Prurange ’
AEE(2]) - KRB R EEH(22) - KRG
a#dhaRe,, P, °

tend
Z,:, [’rearrange - sze
_ 2,
"S5 _p
Zt=0 ( ave - rearrange)

(20)

!
ejd })rearran e - (ten - tx )sze
n= Zt—tX g d 1)

t.\’
txPave - Z =0 Prearmnge

2 :’m/ 2 :tx
t:tx I)}’earrange + 77 t=0 Prearrange

P = 22)
tend + (77 - l)tx

2.6 fERESAIR IR

MERTIRFE BT > FEEMHELRR
HREE(State of Charge, SOC) | B » ffE{R
SR ER &R - BRI R
KA A B BRI EEE E k AMEHHES -
SOC KBt E NERNIER - IRZER
RREGEBEMHBNEETE LR - LZLE
AR R Bl FRE R # - H R ZE(FES0CS:
S BWFE B 151 (Andrea, 2010) - AHFE(EA
Y Sl Bt B BRI R4 Y SOC20%~SOC
80%Hf - ERERHR &R EERAT LR LRI - HEHEEZE
Bt B A TR E Y& ] -

{2
fFHRE
faf

%
%

SOC.. >S0C,,, > SOC.. (23)

N

3. JIEILES

ré

31 ALEBRESR)

AHFFE(#E H A T B (Artificial Bee Colony,
ABCYEBEVESTE AR - FERESH K EL
EHEAYAE T HEFE 5508 (Karaboga and Akay, 2009;
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Ullah et al., 2022) » Fy—fHEImRE(LZHE
E 0 RS R AR IR Y B RE O AT B
&8RN o HEIANEEER R AR & =(ED
=P S e Rl DR N A ([ RS
wE O WS BEYIRNITEER - #Z0E

gL R RN E B BRI 'Y

B Bk R AT R YIARR - H

RUEVIGIEEL: - R SR R YRR

HLER - WEERYIFVTEREEGBERE

% EFESEEIGTE E—FEE Cyi AN &

Yl - AR AT R B YR SRR

B 2T SRR EE

NEFHRYIR > EEAG F e aR i

B BN RYIRECERSNERNEYIE

ERAIREEARYIRAE - #%F > BE%

MR E (R E S REERYR - TLEE

BRI A VRIS - &k

—EEFHRYIREH &R AL - H5

i G RE IR E —(ERT Y BRI E TR &

Y -

(1) &5 (Food Sources) : &H{E ®PIH{ (R
ERERVEAE R R T2 > IR AE—4HAHRE 2
HAReE -

(2) {eZ& & (Fitness) * FIEIL &R E ST

&

=3
=)
=i
=
=4
£

Onlookers

Scouts

- oa w
- m
——
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ERZFE © Ullah ef al., 2022.
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Fitness
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ZoRACE ¢ Ullah et al., 2022.
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Loss = ZPDispat(?h(t) - ZPLoad(t) (24)

(2) TR R
I R R R -

ST th il

P oscillation — 1AX (P Dispatch(t)) - min (P Dispal‘ch(t))(zs)

Q) EEFHEEESEH R EIESHHRER - F
AREIR Ry e B RE TR > R TRE
IRFRERE > BRI P i S S R 5%

EENFHELRSTE -

Padditional = ZPDeisel,dispatch(t)7ZPDeisel(t) (26)

(4) BSMRDEERTE - REUF R = ZE L E
Z: B @ (Intergovernmental Panel on Climate
Change, IPCC)S /N KaFfili #i & A ATHI SR
SRR = RAC R 8 S Sh S Bk

HHABIZR T R2FTR -

COe=Lx*(pco,* GWPco,*pcy,* GWPcy,+
Prny0* GWPNZO) (27)

(§) FREARGCTHER © MEHELRS A E T
FAEIRAEAL - & e RE R Ry - B
BHREEIIRHEE BB -

B ERHERIEK o BT B oo - 250Cw o8)
SRR AR B - cT
Tl OREHE R
Greenhouse Gases CO, CH, N,O
GWP 1 28 265
BRI © IPPC.
T2 S EREEE B
Emission Factor . Emission Equivalent
Fuel Uint e
o, CH, N,0 (COz)
Diesel 2.606 0.000106 0.000021 kg/L 0.0261

BRI © IPPC.
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I g EE AR EE )t (Molten carbonate fuel cell,
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MCFC) ~ KIZREH B HAT ~ MUIT8 8 R4 SR
HEEN - REGAVIITEEIEE » ot
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K3 MR RGARE

Entity Rating
Gas Engine 2MW
PV 750 kW
Wind 1 MW
Battery 500 kW
Load Demand (Max) 2.25 MW
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Weight 1Tt ERE M B ATEICER DR IRA] - H
SOCHFEEH20%~80% » HIHIZZ 24T Ah 45
= A AT AR, © 58 AR B H AR Rk

FE=H PERE113F9A
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2.5
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17 (EMEE AR EHE R (EE)

T4 HEAEREEERE ARG R AR AR T L

Index Non dispatch Weightl Summer Weightl Weight2 Summer Weight2
Loss 0 | 567.2MJ+081J ’ 295.0MJ+081J
) Q) )
P 82.91 KW+05W | 44 18 KW+05W 1 55.18 KW+05W
oscillation (100%) (533%) (666%)
P 0 | 2836 KW+09W ) 1475 KW+09W
additional (_) (_) (4799%)
co 24.389 T+04kg | 24.490T+04 kg 5 24.441 T+04kg
€ (100%) (100.41%) (100.21%)
SO, 0 1 55.58% 1 42.85%
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F=H DPEREI113F9A

xS AFAFEREEERE BSR4 R A oth

Index Non dispatch Weight 1 Summer Weightl Weight?2 Summer Weight2
Loss 0 | 526.9MJ+081] ) 209.8 MJ+081J
) ) )
P 81.48KW+05W | 34 87TKW+05W 1 46.54KW+05W
oscillation (100%) (4279%) (5711%)
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additional (_) (_) (5639%)
co 12.290 T+04 kg | 12.390 T+04 kg 5 12.330 T+04 kg
€ (100%) (100.81%) (100.35%)
SOcuve 0 1 53.45% 1 49.266%
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An Energy Management Strategy for Renewable Energy
Microgrid Combined with VRB Energy Storage System

Lin-Ching Hsu'  Shung-Yi Hsu’  Bin-Hao Chen™

ABSTRACT

In this study, we build a simulation model for a microgrid maneuvering integrating renewable energy
and energy-storage equipment for application in load management. The study designed a microgrid
accommodating diesel generators, PV and Wind power, associated with a vanadium redox battery (VRB)
for energy storage. To optimize the energy management strategy tailored to communal load needs, thereby
creating a distributed energy-maneuvering decision-making model under different environmental conditions,
with the primary aim of reducing carbon emissions as the goal of energy-maneuvering. We completed the
modeling by integrated actual data from Taiwanese Power Company into the microgrid simulation system,
enabling the distributed energy-maneuvering system to track this data for power generation. Additionally,
we employ the artificial bee colony algorithm for energy dispatch optimization, analyzing the optimal
energy management strategies for the microgrid system. Finally, we apply Matlab software design energy
management strategies and simulate the microgrid system by Matlab/Simulink. The results of this study
show that our energy-maneuvering strategies can achieve an effective additional reduction of 48% in carbon
emissions during the summer and 56% reduction during the winter.

Keywords: Vanadium Redox Battery, Energy Storage System, Renewable Energy Microgrid, Energy
Management Strategy, Artificial Bee Colony Algorithm.
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