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RESEARCH ON ECONOMIC OPTIMIZATION
DISPATCHING OF VIRTUAL POWER PLANTS
CONSIDERING CARBON EMISSIONS

ABSTRACT

The "dual carbon" strategy promotes the development of renewable
energy, but a large amount of unorganized grid connection can
significantly impact grid operations. As a unique distributed energy
aggregation and management technology, virtual power plants (VPP)
enable better participation in grid dispatching operations. However, due to
the randomness of renewable energy and lack of cost competitiveness,
there are issues of wind and solar curtailment in actual dispatching,
hindering the full potential of virtual power plants in low-carbon emission
reduction. In this context, scientifically and reasonably optimizing the
carbon market operation mechanism or establishing more reliable models
becomes extremely important. Therefore, this paper analyzes the factors
affecting the low-carbon emission reduction of VPP, optimizes the carbon
exchange mechanism, and establishes the new carbon emission model for
analysis and verification. Additionally, a county-level virtual power plant
dispatching system was implemented in the Fanchang District of Wuhu
City. The details are as follows:

(1) Low-carbon economic dispatching of virtual power plants based
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on time-of-use ladder carbon emission rights exchange mechanism.
Addressing issues such as wind and solar curtailment and carbon emissions,
under the premise of power balance, the consumption of wind and solar
inevitably reduces thermal power generation. Considering the impact of
time-of-use electricity prices, the proportion of renewable energy absorbed
at different times varies, as does the corresponding carbon emission per
unit of electricity. The time-of-use ladder carbon emission rights exchange
mechanism is proposed. Based on this, a low-carbon economic
optimization dispatch model including "wind-solar-gas-storage" 1is
constructed. The model aims to maximize the daily dispatch revenue of the
VPP, using CPLEX for optimization, resulting in the optimal economic
dispatch strategy for the VPP. Comparisons are made with the scenarios of
wind and solar curtailment penalties and ladder carbon trading. Simulation
results validate the effectiveness of the proposed carbon exchange
mechanism, demonstrating an improvement in the dispatch revenue of the
VPP and increased enthusiasm for renewable energy absorption,
effectively reducing carbon emissions.

(2) Economic dispatching of virtual power plants based on the new
carbon emission model. Addressing the issue that existing carbon emission
models only consider the single factor of electricity, which cannot reflect
real carbon emissions, the model takes into account that climbing and

environmental factors can alter combustion efficiency, thus affecting
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carbon emissions. Correlation analysis of parameters is conducted using
the Pearson coefficient, and a new carbon emission model including
climbing and environmental factors is established. Regression analysis of
the established model is performed using root mean square error and
coefficient of determination, selecting the optimal carbon emission model
and verifying its effectiveness. Based on the above model, an economic
optimization dispatch model including "wind-solar-gas-storage" is
constructed, aiming to maximize the daily dispatch revenue of the VPP.
Addressing the issues of high-dimensional nonlinearity, strong constraints,
and computational complexity in the established model, the Crow Search
Algorithm is used for solving. Simulations verify the effectiveness of the
proposed carbon emission model and solving strategy, demonstrating an
improvement in the dispatch revenue of the VPP and the consumption ratio
of renewable energy.

(3) County-level virtual power plant dispatching system. The county-
level virtual power plant dispatching system relies on a highly available,
high-performance, and highly scalable Web service architecture. It uses
parallel processing and columnar storage technologies to build the data
warehouse, aiming to efficiently integrate, update in real-time, and deeply
mine massive business data. The system employs Netty, a high-
performance asynchronous event-driven network communication

framework, to achieve real-time, efficient, and low-latency collection and

Vi
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fine-grained processing of the massive data streams generated by
distributed energy. Additionally, by deeply integrating and customizing
Netty's communication mechanism, it effectively empowers data
interaction and intelligent dispatch between devices. By integrating
protocol engine technology, seamless adaptation and access compatibility
with different device protocols are achieved. Core applications cover
multiple dimensions such as data analysis and forecasting, energy storage
planning, and optimized dispatching. The system has been successfully
piloted in Fanchang District, Wuhu City, effectively managing 84 rooftop

distributed photovoltaic units and 13 substations.

Pengcheng Wang (Control Science and Engineering)

Supervised by Prof. Yuan Ge

KEY WORDS: virtual power plants, economic dispatching, low-carbon

dispatching, carbon exchange, carbon emission model, dispatching system
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RS2y g AR AR, o A ST AR, 5 RS VPP O Y Ak R [R]
S KOO EL B ; Xie T S22 B TR HUR AT “ b &-Hdmr” R T ik M ik
FACRELIBR 7 R UEE FE 7 52 R ey IR TSI 1R, s 1 P S 07t T S A 2 T £
BRER, HHE TR HHLE], M T VPP RBREGFHERA, SEILGET)
ROGIHITH AT, BEARBRAE R S s 1 IR RS s Yan Q S/ G 17—
T2 &I A 5 ANZRAIE 51K VPP (R I AL TR BERE A, 57 1 35 KL O B
BEA SR AL T A% J SR B VPP R GE45H:, LU VPP BRAZ Sy Mgk (e T 7
Z BB B BHAE 5y KB T KOG HIVE A L, die MBI HRTBORT 8 B2 FAR o

1.3 AXHRIHF =

A B AERRREA L) B AL RE R 1), 2 BT 1 BRAS By T3 R IR
RISZ G AL T A HE O TR AN BRSO ) AR o AN SR A s A L
(3T

(1) BB AT 5 B
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Boxs FE REE AR HRSCEE 7] @, FED)Z-PETRTIR T, 5 RS AT 1AL e R T
AN [F) B b SR 2R K T e, WK T B HE R S g L, e ] AR e
VRHITHAN, K A N A B HEIRCBC AT, ATt — 2D e gt v] AR AR REIR AV 4, I
B ek, ARSI FA 2 T, FREE AN [R] I 220 18 ) AR e R 4 L
5 AR EEI AN [, 0f LR B R B HE AN 5], s pR A T e Y R B s A
T R RS K SRR R R, KL B R A
(0.8729 M — S AL B/ MWh ) F1 L X £ ~F- 22 2 R ik 50 C0.6 1011 Il — S AL iR/MWh))
B AT B 53 I BE BRI 7o BT, BRI ATP I AR, IR B KOG
BSA, WUFTERE RIS, W T Bk st sikng, B vl i AR Ae
PETH AN LB G N, BET 5045 58 22 B TORC A 455 DL BN, TR R T 20 B
18 BT S AL

(2) Y BRHEBSE Y

EESTIUA GO B L % R B X — R R, oy S I B SERCHER T i) A
% 18 B TR AN K R ) SRR AR, T RE i HEG, aid -+ B R
WUHEIBCA TFEE S AT S5 38000 17 SR B2 7R 3dh S B0 T R HE TR 5 TR S R A 58 R 3R
[ RIAR DG, FREESL T 5 TCS AN IR R 28 KB B B HETSUSE2Y SR FH 2 07 i 22 A
PE ZRECRRT P @A FEAT B VA 04T, e B A BRSO R, JRIRAIE T AT 2K
Moo ST B g A L SRR AT SR A IS S R S ) A, sk
08 R I 548 2R B B AR B SR AR, (B 52 S 8RB E I R AR I Z IR,
N B R ZEE S RRER S REITR G, RS

(3) EHUEHIH) RS

SIS AU LT B R G AR A R R VR B K OCBRE— 3R, AE KR L) 2
FIEEZ DA . ZRGRITET @ . St U S BT i ) Web IR%%
BERE, SR Se it ) FFAT A 5 5 AP BRI G, 5 7R SEIR i ED Y
SHAR AT S ROE S L S SR SRS, DLSCRE S AR A s e 8 A R
ot oK RH Netty @it G50 S IREh 4 EAEHESE, 5 AR SEIUX 73 A
FURBIE ™ A IR P R BRI AT SEIT L = ORI I IB 1R AR SRS A AL 2, [RI
AL VR 2 5 A E il Ak Netty FROIETRMLE], A 2068 B2 1) i B 22 B AN GE i
P&, SEHUNH 8BRS W1 ) SRS AL B B S 5 R, SEEL T A
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7] ] 3t P % IR R TE 480 IE 5 e N AR o A% 0o N A ol 2500 0 A T s
RIS S 2 AR RE, Horpis PR JEE 2% o0 S0 S IO 1) e B T, S
BEHLAG R S5 AE S0 B I bk 5 25 R B S, SR 309 IE A 5248 R R SE LR
W . ARG CHRINTETEW E B XTI SIS E, ARG 84 MR i x(
JeRFN 13 AN AR HL .

1.4 RXHETRHE

AR EFE G AR A Z LA O B AR HE OB R AN LR L) R g =
JTHEEITRT . A& HAEN, S E SN LN R:

B R A T AR R 5RO b TR RS
REAWLFRL ) 22 DU T EEAMERBR LA VA B A BT FEBIR AN 5325, [R] IR 3o A S 2% 31 14
N EREAT 1B .

SR SR ORI SRR HE OB e L ] R R UL 2R BRI TR EERE T
AR B TR ACSE TP, S T o B i st B HE RO S e L = 15 e,
FEDNHRPHEIIRTIR T, 5 R8BI KOCTH I RN 2R 2 b K 1k r s, KR T B
FEBOBU St L], 38 T A RIS R 40, R S L B HE LA, AT
R EAEREIRAITHAN, DB HIR, ARSI AT ISR, F A A R B )
T ROGTH S KR ELGIB AR, NP R A RSt AN ], X e fl 1 5
HUBRAEA 1, R B A KB S R AR IR A 0 I P B A, K R LA AR HE
U VRN L ) )1 25 B2 FRLBRHE TR, B AT 1) 20 I B LB HE IR 15 )i, RS
A I AP I AN, IEABIXOCH A, SRR EF IR, *it
SEHL T BB S SR, FitiE R AR BRI AN A I I, AT 88 5 2 AR HE ARG AT
AU EAT, T I Brph s HE BB . A2 DU H
i e KON H AR eR 2 R T 2 i B e R TSOB S 48 AL A )2 K- 08-S
MDA AT, I 5 35 NIRRT SN B3 5 7 St AT X b, e i AN
Yy N AHEIG iR RS AN XOGTH A EL ], Be e PR R St B LR A
Ak

=R BETRT R BRHE O R (Y R ) e SR R B AT . R RSO
R EE T, RN UBRHE B R B G R N R 2 —, e I B i
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SR A RE AT a] e o A Tl 5098 o0 A R LA T HE OB R e 1k S R IS
BB oL, AT RE 2 U B8 TR EE TUUII 2520, e Mm b 5t~ LA e 2
o BT R, TR HR AN T B SRt AT S b, JE
Ao B IR AR 5 F B0 BT BRI S R AN A P 3% 18] A AH S, JF L 1 25 TR
P DR R R LR HE TSR A, R 28 5 AR R 22 A R 2R BOROK i e A AR i34 ] )
I, EHURACHIBRHFER A, JFIGUER A Rtk . LR prd AL gk, R 4L
L H R R e ROy H bR eR B, R T R B0k 2R SR AR SN B H b e ot
T e M-Je- - A THIUC R B . A1 T A B R et L o
LSRN SR Aol B P R S5E e jl, AS  JE I S 36 e L 5 AR R R B AT R 3K
g, (B E SRR VAN RS2 IR, vt — B Rk i 2 RIR R
SR RKIREST s R S5 IE AR 52 B BRI AR AR, et 5 AL 1 B
SEHT AL B TBORE BT SR AR SR (0 T AT PR A, BEAT BRI RE UL A I 2
ad AT P A BEYR 1 9 L

. BRI RS BRI R R G e s R Re R
R OCHE 3, R T IEEZ LA, AERENG T RSN
RIS IIRE, 709094 T Hadoop HIKUE (5. %:T Netty FIMIBRIEI. AL 5]
B, H A EdE e LIl 7R S B RAT R A S SR RS
TREEYZH ;. WIBCB RSB 1 X 70 A U BE I e # OB R AT AR I ] LA 51 3
O3 I A e S AR ) B AR, G — B R AR U, B A R s % 45
Ao SEEL Y G IBCRIEIE H, ZWBGER, FEkORZ AW E R, RiGHE
AT AR WS e s IR BB S AUE il 4L Netty (0IETRALA], A3 H0W
RE LA 18] A B0 2 TLANE RER L, SETUXH il BE A RS HEF ] S5 MG AL B . AL
RELAT R T ARG =A% R 5 7359 Bl o d 5 T i B A AT AL T
HEE PN 7R R AL T B & MIAL) LSTM e 2%, $RH 1 RN RE
TRORSEDLAHE BE AR, 0 A U FEE R 00 R FH 2 = B 3t ) S S IE AR o2 8 s ik
ARG ORI TSI B X T uRI8 s, AR0E H 84 oA Uz TG IRAT 13 4>
AL LT .

L. BEAERE. SREARHITNEMELIRER, AT AR
WEFCSCER , R i 7 AR i R b i R 0 S i) — 8 B B 3 DL R I 0 7T 1 =)
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BRAE, JFEET BOUARRAIHE FEFRAE T HAT #X PE A SO R AN SR i, AR
BE— B IEAT TR KA R
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£ 28 ET 0B i LB B E R 205%
AR

AR BT IS FE RIS [P, AEDRPT RIS T, 5 RS 2l fA fE
JRIH AR [RII  SR 2/ Ky A i, HAE 73 I R RS2 T, AN [R5
AEREIRTH AN RS K I EE AN, 6 I 0 R R HE OB AN R SR LR, dReH T
I B B HE OB S e L, 7R BEAl B T & “ K-S &S RAn
FEREAY . WA DAL HIR W et o KOy bRk, SR CPLEX LAk sk,
BB RGN RSN, F5 57 XTI SN BRI AL 5 3 5t
BEATXFLE, M AN FS 5 T AORRHE SR R R A RO A LE ], 36 E
Pl iRt A B R A R

2.1 SR A6 TR HERAR 52 # AT )

B AZ Sy WL a8 e 32 AV IO RRHE ISR, I Fo VA 7= 3 31 17 S AT B H R
A8 Gy 3 T a2 B4 i G HE ) B 08 BEAS B O 1 Bk B0 A0 E e A 1] o0 BT e
VR EEARIEBC AR A 1 HE, A L PRBRHE RO AR S A, U AR AT IR B AL S
WAL Gy, R MFTEWSE,  H RT3 AL 5 bR K B R U [ % E B R &
(Chinese Certified Emission Reduction, CCER), K FH FIBCA /7 1 3 BN TC AL A

TEDHZFAT RIS, 25 58 30 ] A REIR T 40 (0 Rl 0 SR 250 /b Kk g R L
S5t SR R B HETBORL St 3 AL 1), 3883 7T P REVR (T V4 44, S S35 AH L PRI BRHE S C 431,
M 3E— AR 3t P AR REVR RV AN, D BRHEIR. IR, TE ST LR R T
FEL DR ZE AN [F B 221 (90 AT A BRI 49 F 5 R P B9 AR AS [, e 7 F FE FEL R HE
JECHAS [, e ARAY T R ) R PR HE SR 7 e G oK HL 5 T AR R YR 1) 4
PR, KENAMBRHRCEREE (0.8729 B 4 LEK/MWh) F1EEL X [
B R HERL (0.6101 Wi — 42 ALER/MWh) , B85 853 B U RRHERR 1o %
J5, BT ARIRIP I AN AR, SR B ROGTH A SA, #OFLE R & 78 KOG IR
B, RTRLIRH TR N, BEAE T A R 4N L R i, I S TR £
BB A . 456 LA ENES, TR T 23 Ik B s e e il .

VPP 5t (R 3 B RSP EE 7, R & DREs JH493K13 % CCER 1
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5 M (Power Grid, PG)AZ H. 3K 45 I L W & HF 7 (Power Grid Emission Reduction,
PGER), H.r' CCER oA ) i KHRTH B AL 6%, R K& 2-1 Fios.

— Wi
o ERR BRI
B PGER

BRI

P 2-1 Bl R PR

BT AL (¥ 405 SR a0 R iR :

S1: JBC B AR A, AR 23k B HUBRHE R -1 F0 57 75 SR Th# o+ 5 VPP H
ERHEBGE, B VPP VN EERIBRAC A

S2: 5 CCER HKBEA, MRHE CCER fH KHKH R A VPP H A BHEE
5 CCER B KRR LA

S3: Wb BCA, HYE DREs HIVH NG HL Bk L 8. = DREs i 77 H 13
& VPP P 5747 5 3R 5 HL CCER AL HE T Tk e A0 A 8 1ok I g AR 451 PR 1 T
AT 5t CCER [RRECAT, #ERIR CCER RIBRELAIN B4 0. 24 DREs K H &
HEL% PG I, WA T 564 PGER IBRHECH;

S4: ¥ PGER Fl CCER 5| A\ H ik %

SS5: f#i ] CPLEX At SR Al foc the i 3 SRS

S6: VPP i DERs FIAS 4 HL(Gas Turbine, GT) LAjs /& 1117 B 75 5K

AR A 2-2 Fros.

13



g WY N R el VA7

73 HCFE Rl I A0 —>  IFHCCERB A HRHC A

ST
x v
S PGERBRC 451 W 5 H0:0f) CCERTRIC 40

A

B 4PGERMICCERE| A H AR %

v

1 FH CPLE XR A f5e fIt 1 3£ S s » VPP DERSFIGTSEH T 5T i

51,4 CCERBRL 41

A
A

2P0

2-2 HLEIFERE

BN R R
S,P P <P’
0 - S,(1+ A)(P - @P°)+ S0P’ oP® < P <20P° 2-1)
" S,(1+22) (P -20P*)+(2+ A)S,wP° 2wP’® <P, <3wP’

S (1+32)(P -3wP’)+(3+31)S.wP’ P >3wP’

sw@mﬁ=iwwwm (2-2)
0 =0 whenZT: Q0 >sup{Q’} (2-3)

. O AtitZ] DREs {844 it i) CCER 5% PGER Fi4i; S, vt i %I e pseHE
AT A NEFIE KR, B it Z%) DREs (Hg8 &, 24 P T AR FERT
X CCER, ¥4 P 4 PG I, /0% PGER; o N DREs I /JIXd]; P° A
tif %) DREs [JSZFrk B ; o A CCER LA RIRIHZ, B 6%; N At

SRS CETT
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22 BRI ZF M EEEE
2.2.1 BfrEE

2GR LA R DL VPP H i B R i KON H ARk, % DERs 71
K, GT HAEA, BRHEBURAR VPP MR A, 1 VPP Y28 0 H A
Sy, 5 PGREMAFMA, HirmEON:

max F'P’ = pC™ | pGRID +F}]!<]PP (2-4)

%1 VPP JLAHBRACASL, DREs FITHAN AT LSt M IR ECAT, GT A 7
SHAERACHL, 2 R MECH ] T AERR T A2 2 3R RN .

FCTM :Z[p,CTM (Q,CCER + QtPGER + QBASE _ QtGT )] (2_5)

VPP H] [ PG 22 H R 2 H B 7R, 24 PG WM #E A & VPP & it 3
i PG B HERAINRE, 2 PG & HMMASEIREL VPP BT & 1k 7 ki M PG
U] EE SR PR AR A

T
FGR[D — Z(plGBNIGB _ ptGSNlGS) (2'6)

VPP (1) P4 0 2 0 45 T £ 2808 P TN Rt L A o it L AN AL Y6 AR
(Photovoltaic, PV)H TpA . RAHL(Wind Turbine, WT)H /1A ES 78 HL A A
GT 1’5 A

t t

T
Fy' = Z (p/"" NP — "N — "N — BN - (2-7)
t=1

GT iz g A=A, MEIEA. BT RAMES KA . GT 53
PR RMESR L, IBAT IR RF S AR S, TR I AR e TE 4 ) P G Bl 3 S50 L TE
WA o

C[GT — C[GTS + C[GTr + C[GTu (2_8)
C[GTS — CSGT7;R (1 _ ];i) (2_9)

C[GTr G N[GT / B°TP (2-10)
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C=U|N"(T" -1 (2-11)
X FPPOFCM FCRP RN E 05108 VPP HI IR RS, A S IkEE, VPP 5 PG
HWREA VPP AR p ™, p7 A p! A N RS 5 A
PG LB, PG B LB VPP B LA, OCF 077 0™ A1 QT 4yl
t I %) DREs JH4M 53 1f) CCER FC#i5 PGER BCA, M5 1140 Be 1 2 A B Bic 40
A GT W AmcHER; N N NP NPT NPT NE R NTP 5108 PG L,
PG EHiE, VPP WE i F kiR, WT Mg E, PV g E, ES 7HCh
EAGT Y HEE; 7", M 5358 WT FEHRA, PV EHEA, ES
FILEBEAR GT JatF A C77,CT%,CPRIC™ fy AN e 2 GT 1Ak,
JEAE AR, BAT AR FINCH A s T e %) GT MgfPIRE (TFe{0,1}, %4
T' =13R GTBATH) + O RNRBRA M B NSRBI #E: U KN GT
N A
222 HREMH

(1) HHEFHELR

PO _ pIT 4 pPY 4 pES 4 poD (2-12)
{rp: PP P PTTRIPE S5 t R VPP ARG SR I, KWL T,
etk I REREH T, M PP > O B RORGEREICR, 2 M7 POyt i %
VPP 5 PG HIZZHIZ, P >0/ VPP M PG IR, R VPP &
25 PG

(2) VPP 5 PG & HZ R

H T 2k Bk Ak DA IR, # VPP 5 PG BT HA —& M ER.

_PGRID SPtGS S 0< PtGB SPGR[D (2_13)

max max

A PORIBS SR %) PG IR RGN, P AL S K

16



g WY N R el VA7

KAER T2

(3) GT 4K

GT W IAE—EHIRE, H GT A& —EHIEER. F—mZl GT i
RERBERIASD. KM YL, FERAEE P —F . N T RIE GT M AFdr, %
LS SN PAL S

0<P <P (2-14)

NP B =P <nPy; (2-15)
TON | O | U oW | st _ | 2-16)
count(N’" >0)<R__ (2-17)

XA PRI PO RNt %) GT R GT HA1sc RIR s n oy GT TEHE =
TV, T, T, TP F T RIR GT HIRAS, WRIRDBINESI. M. e
PesfnEeE; R, N GT KB K.

(4) ES £

ES e 7R %h DREs H /I MIBEALERIR S, A FTF VPP s et /) fivn] 5
1217, AR ES Ay, S H &R BEEIAT 7 RE], [N ES fH
IRF(State of Charge, SOC) T ZIRFFAE—EJa N . TR UEV B I n] KF ST,
ES (1] SOC fEFF I A S5 I NZ AR CERChTRE AN e i s =A%) , B
[ —HF %) BES HAER T, U AEE = PRS0 —Fb.

_Priidis < RES < PniiCha (2'18)
SOC,,,=SOC, +P" At/ ME (2-19)
SocC,, <SOC, <S0C,,. (2-20)

T
SOC, =S0C, = > (P*A)=0 (2-21)

t=1

Y;CHA :1 PES > 0

t

TS =1 P% =0 (2-22)

t

T;DIS =1 PES < 0

t
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T+ T+ TP =1 (2-23)
e PP, PES N PEM BNt %) ES (I 1, ES I R BCR TR Al K 7e
IR, SOC,,SOC_ . F1SOC_ 4y Ntif %] ES # SOC 18, H/MEMEKIE;
At SR BEFEIA, BU 1hs Moo N ES IR & T, TP FIT ™ 9 ES 78 ¢ I Z1

PPIRAS, IR BIATEH . R & .
2.2.3 RERFREE

AERIELIN VPP AL EERR TR A B L MR, 3@ 3 TBM Rl
SRAE%: CPLEX ZEATHRA R AR -

2.3 Bt

23.1 HREE

DN IE B M 1A R, AR B 14> 250kW XL 1 4> 100kW 64K,
14> 200kW fi#RE, 14> 250kW KA EALFN SO0kW 1 fir 2 Sty VPP 3 BB X
BHETROR S0 3L S5, F3 B B2 e HE TSR 7 0 3B FELARY 23 Sl i 2 2-1 %25% 2-3
Iz
3 2-1 S I BB B AR L 5 5

WALy By BRAlBREL AT CCER f K hik B
(Jt/kg) (kg) (kg)

10% 25% 0.27 3331.57 199.89

B K% DREs Hi /71X [A]

R 2-2 Iy EE AR HE A

- i T PR 1
(kg/kWh)
00:00-07:00 () 0.770
08:00-10:00;16:00-18:00;22:00-00:00 (F) 0.550

11:00-15:00;19:00-21:00 (1) 0.506
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% 2-3 S LAY
B EEiI_XJ)”féJ RN EE'@% A VPP Eﬂ%ﬁ% =Ry
(JG/KWh)  (JG/kWh) (76/kWh)
s 0.22 0.25 0.23
°F 0.42 0.53 0.45
5 0.65 0.82 0.70

DN IRAIE PR AR St A LA A 25, S8 U T 37 5 i, 2 A 3R KU
MR R D BB SBREZ 55 (5 2) ARSI iR 5L L] i
Wt st 3) #ATX IR, VPP Wi FoR IR KWL e R I sEbrok i

ThEE B 2-3 s .
5001
e
4507 —© — KL
— A —
400
3501
= 300
i
5 250
= 2’9\&
2001 Z e
/ R\
150 2%a RN 8
\
g A
100 s e’o/ s Aa\ \\
o-& /
50f o A\A\ ©
vd
oLA-AAAA 2~ . . AA&A_A_A AA
0 5 0 15 20 25
IS [ /h
K 2-3 g2 H 175 5

232 RO

=R R R SRR A BN 2-4 B 2-6 Fi, RIS AR 1 B
3, KETHAAN S HEIE G B B 2-7. & 2-8 FIER 2-4 Fiw.
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400
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-200

20 25
B 18] /h

Bl 2-4 35 1 I EE SR

T

Akl
il BE T AL
KL
Jetk # 7
RN )
e
fiti e 75
ik

(U 15 20 25
B []/h
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500

400

-100

-200

UL
[

- KL

I otk
[ IR

-

I ke A
—6— fi#

K 2-6 375t 3 SRS

—© - WTLBRKH
—— ZE 1 FTWTH
—A— GE2TFWTIHM

250

200~

= 150~
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4’,_‘3100\

50

WE3 TWTIHA

i 18] /h
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ZRUCRE R L 2 A S

— & — PVEfRKkH
—>— 51 FPVIHN
E2 TPVIHYN
120~ —%— HE3 TPVl

100~

W53

i) /h 25 SRR L

K] 2-8 JEHLIHANIE I

K 2-4 ROGTH ARSI
W Wit Yt Y53
AH JLH JAH JhH JAH JtH
“ 0% 0% 0% 0 % 100% 0%
e 100%  71.83% 98% 7.79% 100% 100%
e 100%  98.66%  100% 100% 100%  98.66%
i 82.81%  85.94%  81.95%  8594%  100%  95.77%

MELESERFTBVE, f£5 1T, AR A By — R,
EXOCIETTR VMR T ROGRI AT RAS, SOt VPP A8 M e R I H SR A2 P T
T IFER, FEZFF NI, R X EREREAT T i, TR E N RO & 57

CROEHA: 0%) o FEFIF FL R LAY T XL T eAs, AR OBARH T pleAs,
IR EEHLISAT BAR T RO H 3 A, (BRI b 38 UG )5 i 1 KL
JEAS, BSOS VIR T ORI peAs, B LN _E3E ML )E
TROGHIH FIEA, i VPP ARJe # KB g, HUGER TN, FRDEHTH
2N, BeJa MR, IS AT — R 1) EFR, SrERR S Ae LA XU
775 AN JE DAY 2 AT 7 SR ARG LA, VPP I 43 ML I H, 36 A2 9747 75 oK
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J& VPP Nl R ot a3, o 7l e R AT R B R, A RS B
ZIGE PNk RE VK TGRS 135040 2 2 XU R FEAT H T O
HLHYY: 100%, JEHIEGN: 71.83%) o (EWERFIEDLT, GBS X6 )
A, VPP B ROEHEAT ST 44, VPP 25 F& 577 i 4 F L e D, RS,
FONLIEAT QI , TR € I B 33l 75 2 — 5 IR BAS , WAL DG IR R SRR BT /2 6 LIRS
fil R 78 20 T8O, R B AT R SRR, 22 Ay v AR 45 r I IBREDCR ), fHL
et PR e R AIR T AN, VPP S 50 OXVRTE 44 100%, G HLTHAH: 98.66%) .
B 1 FRXEHEY: 82.81%, HOLHEIHYN: 85.94%.

fEF2 T, S5 1 250, B0 s B LRI T X6 T RiAs, VPP
RN AT (RIETHAN: 0%) , A IR I Fo SR 2 A oK, 0 ik REEAT 72
FRE B RIA R o 7EF I 8 B R SRR LIS AT A 3 T LS 70 AR
HAR TR I RUA, VPP 5 B SR AN UICHE 20 SR i HE L], 2
RHOBRHIBRSEEALTH T, K HBRHEBRBIZESE — B, LRET VPP AR JeiE HEM4
SEHLE T, HUGRREH ), FRIAEBRMIEHE, &ERGH T, ERAREL
AR, HE 6 2 D i SRR, VPP e 3338 KU COXUHL T 44 = 98%, DG R AN: 7.79%) 6
FEWEIN 53550 1 R0, ANE IR IR T EREHLI 7705 KOG 2B 48 (RO
44: 100%) o 1Est 2 TR XHIHEG: 81.95%, EIGHIEN: 64.44%.

Y53 N, BRI AT DA S e e A, Wi i B2 7 i 3R
AR RS, VPP 1B FE0 ROGHEAT 7870 9N . AEAF I AT, VPP 2% (8 31|77 I
LY, BRAE G e, WWLGAR H AR SN T A, R 15 AR R e A
], AR AR 43 H o LE A I 25 SRR St e MLt J el T B L o T PR RGBSR,
T OGHEA, SRS VPP RSB R SE TSN, ANl 2 570 75 SR 130 20 e
PO R TR AN, JEHAFE ORETEGN: 100%, JEHIEN: 0%) o 16 TI % &K
SRS, S T RGBSR I RAS, VPP B KRG TE YN, A2
FAir 5 SR IR 3 A Sl A AR LRk, G i Ik AN R IR H, XU T 40 100% )
TEVERT, A7 1 8L OXRTEYN: 100%, YGHIHYN: 98.66%) o TE3HHE: 3 F
RMAHTHEYN: 100%, SOGHETEY: 95.77%.

=g R A R BSOS S AR 2-5 FTR
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% 2-5 W ANBRHEICE
Weas  GT BRHEBC KR TE g BHE SL g maE  PGER

W

(JB) (kg) (kg) (kg) (kg)
75| 647.27 810.53 1338.69 329.67 /
W2 716.86 600 1374.08 235.17 /
s 3 942.89 805.26 1826.2 375.55 338.91

FEARZFTHEALE] N VPP 5 #: 3 199.89kg ft] CCER F1 338.91kg ) PGER, H
WIS A 942.89 J6, BAEE 1 1 647.27 JUIRFH T 295.62 JG, Tt T 45.67%,
B 2 1 716.86 JUIRTT 1 226.03 76, #RIT T 31.53%, HMXHEHIHMNG 5 1
1) 82.81%F137 5t 2 1) 81.95% 42T+ T 100%, 43 AT+ T 20.76%H1 22.02%,
HLIRITE 9N I 5% 1 1 85.94%F137 5% 2 1] 64.44% 3 THEI T 95.77%, 43 AT+ T ik
11.44%7F1 48.62% . A] WA T3 B S L il Be 8 7E 42 T+ VPP i FE W RE i[RI
BE—25 S AT E I AN

Y5 1 MBS 5% 2, EXOGTHAN EA T/MNBEEIERTE, AT WLF RO Tk
fE—EFERE PR XOETHAN, (EEASREMA A I 35 A FE O ¥ ]

=R SR BB HRE L B 2-9 F 2-11 FiR, RIRS BN 1-
3o HAURT 0 MIoNBRHE, R BRI

150

T T T

R
T B
100 ([ ek v w
—e— LR

50

A kg

-100
al
-150[ !

-200 :
0 5 10 15 20 25

i 7] /h
2-9 i 1 BRAEE I
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150 ; ' ' '
D RS LR R
100-- TR FE 1 4B TR HE 1
] e g
—— R
501
1))
= | || | ! | ‘
% 0 < = = < z < - l '
=
501
-100
150
_200| I I 1 ! L
0 5 10 \ 15 20
B8] /h
K 2-10 35 2 BeHEUE
150 ' ' ' '

25

L RGeS
B st g
100 " e vt e
—e— AT IS

_—
LT

-100

W
(e

R ke

@]
(e

-150 1

200"
0 5 10 ‘ 15 20
i []/h

2-11 5 3 WRHEBUE B

35 1~ VPP fEHAE RN FREECE Y 810.53kg, £33 2 TN

25
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600kg, 375t 3 FA 805.26kg, ] ULENHA=IRAZ Z) AL 0T A RLFEAK VPP SEBRixHE
T8 ABIE fE AN BE AR R AT B IR R FE G W . fE37 5 3 T RUOGTH 99 SR (1 b ek i
N 2201.75kg, FHE A 5 1 1) 1668.36kg &+ T 533.39kg, AHHI 5 2 1 1609.25kg
FEFt T 592.5kg. p5e 3 NHLRBRIEHEE N 1396.49kg, AHEI 5 2 19 1009.25kg
Tt T 387.24kg, #-TF T 38.36%, AHEUIZ R 111 857.83kg &7 | 538.66kg,
RIT 62.79%. W WA T HE H AIHLEIE R — I8 2IRHER H 1

BRI 5% 3 T AR IR A7 AR O FEGILR, A B 18 oo i B bh i HF
JEORL 5638 L) L0038 K 2 4 EAT 30, AN IF) A R G F i i Bl an 3 2-6 iR

*2-6 AN AZSHCN OGRS

I B A =10% A =12.4% A =13.2%
& 0% 100% 100%
e 98.66% 98.66% 100%
psi 95.77% 99.17% 100%

M 2-6 (LA, FEE A M 10%3INE] 12.4%F), 2367 VPP M4 TH 364
G HL AT N BEE A M 12.4%38 03] 13.2%, R VPP M2 3ot At
4= T 49

2.4 KEINGE

BT S RS BB HE RS 7 L, =5 58 380w P2 BE YRV 40 0 [R] I A6 2R 2 i b K
Tk, HAESM I AR AR R, AR 20T R AR R 9 R S L ER
AN, 5 . 10 B BB AR TS AN R s 23 B NP I AR, B A BUXOGTH AN RA,
FAEREFRIOCHIR, RERE 10 HB e bl JF 5B
SEAT X BT, A3 HH AR SR

(1) FERFECTETTREAE —ERE L _EARBEROCIHAN, ik B AL 5y il i 12 il Bk
HEBORFRIRSEEHLEI A7, AITTE Bt MOETH AN B 8, (RIS Rl 5 L #RAS
RE AR R AT I AP I AL AR B AN B KOG T DA (K T8, 082 A7 A M FF LR

(2) AR KPR R T LIRS, KRR, RMEZERKTK
UM, R RRE RO, FRIR T KR, b TR, R BRI,
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AL RRAT 5 TR B s, STt 1 MOGTH AN LL B, B8k 1 A SCH LR 1A 2t

(3) MR FFEIE, WS B S ALR PRRBIER2H, R
Bl RS, RVl {2t XOBH . 45 RR WA & 52 AL HI A RE K8 52T
VPP W, S VPP XS ROGTH AN AR E, B 50 IIE 1 IRB% VPP AT 471k
SN, 8 VPP i GF  EEAKOGTH g2 B8 i T iEAig 4% .
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£ 35 ETHMBRARRAEERE] M IERRR

FERE ) 5T T, BRI AU A E B R R R —,
ST L R o A R 5 R O A R T S o I VR 3 3 v A PR B HE TSR
R, AL RENE SRS T PP AL AR AR SR WIS AT 7 28, AT S5 R PR 3 o
AERBRHE OB RRVR R IR0 o BRI, SR AL HE TS AL TE UL ) I B P iy
LA & — P &, SR R R | I8 AT R G PR RS A RN 22 5 20 e 1) 2
FBro ARTEIEIE S0 5 b R IUIAG R T % SR W B SE I BcHE U O, TT RE 2 HE B
(i es B TR 45 51, TR Rt g it R L2 e A1 5.

BT BRI, A w i b H R SA RO T B8R S AT S5 2 A,
i R b AH 5% 2 B(Pearson Correlation, PCO)Z3 T i HE 5 5 €3 FNFA 155 K] 25 1] f)
FHOCTE, JFEESL T A5 TCHANIR 5T R 2 (157 BUR S ML B HE TSR, SR F 3507 iR
7% (Root Mean Square Error, RMSE) 14 5 & #1(Coefficient of Determination, R?)3k
BEAT EVAS AT, IR A BRHE OISR, FRIRIEA 2. L R A B,
P H Y W s A K H AR R, R T RO AR AR SN B H Ar ki
TR T 5 RG-SR AT A R AR AY o BEXT P @ B BAT m e R et L o
SRR SR ARz M RS ), AR 38 T S0 R L 1548 2% 1% (Crow Search
Algorithm, CSA)E A IRUFHISRARFFIE, (HEESHE1F CSA M REEIZIR,
N CSA Wi RRR S RE T RGeS, AERHSHIERZIER
H:(Crow Sine Cosine Search Algorithm, CSCSA)SRAA A SR g, @it {5 B T
FIT 4 AR BRI OSSR R SR A S 1) T A7 M R R BB AR T RO e ) R
AT 2 R AT P A R IR R VR A0 LG A3

3.1 PR ERHIBGER 5
3.1.1 RS BRAM I EmE R

SR A HUBRHR U R AR 2, TR 520 A S AT 0 A A B o R PR 3R
(] BRI IR R
(1) 7
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RS EE AL Th 2560 Hh KT FBHE UK P 50, B i il &%
BUH = A BHE

(2) e

MRS AL T ZE R S R FARIG N, R Be R I B4 N B, AT S 30k
HERCE N .

(3) HSE

WA AL IS AT I E 22 5 HAR e SR AR HE UK - B iR @ 2
HUH = A BcHE

(4) WBSE

S IR KPS R SR LRI R I S iR s i S 5%
T, BRRRCRTRe 2 TR, AT S BRHEBE N .

(5) KA 5k

RAE SR ARL MR AL A I FEFI L e, AT NS B HE TS ™ A2 56
Wi, = KRR R, Bl T RE ot m, TR SR 644 T AT Be 5 Bukbe
R, HET R BRHE UK .

3.1.2 XML EEE

% SRR RTENLACIE 22 U R R, T sema i, I HAEAN RN
MR, F— A F D BB A R SR, =7 —M%
JETC3 I EAS58 [R] 2 08 BB HE TSR 2 o B TR D RS UBRHE T A TR 5 i
K H LB H AR SR PO AT SRR . B 2011 FEE
2015 F - HH AL KRS EHLAE— /Ny GERRPIE SR AD TR 114
FE KA ) 36733 M EWESEH. BT PCO RE EiZEUEE R HR S H /1. e
W PEERIR A BRI, HBCA BN N s

P, = Cov(X,Y) (3-1)

OxOy

> (X, - D), -7
Cov(X,Y)=- (3-2)

n—1
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(3-3)

Rebt X R e, FREH R RS YRR AR, Cov(X.Y)
FRX GV MM E: XY NE AR Y RT REABE: o Ak
KA o TRk, Fobp, e[-L11, M| p, |[MBEE 1, AR AR A
Ve, FTEHISAE

HEC S . ed . R R IR @EACRAESR) A1) PCO W&
3-1 Fizmo
% 3-1 HOs 53 5O 5 R AH % 2 8

SR

HEHK ‘ ‘
i 9 eyt i RAEH
(6[0) -0.5698 0.2067 -0.1743 0.1066 0.0671
NOx -0.4033 0.2148 -0.1936 0.0654 0.1646

3.1.3 B3R

[EUE BT & —Fr gt 05, AT RAMARE N EEZ AR R, BEE
FIT T fEFITRIN — AN B2 A A B i s — AN R AR & 8] U5 23 A A A AR 2
TN — ANECAARY, AZAR AT DU IR B AR AR A R TR RO AR

M 3-1 W] URTEMT A, U A SRR AR G, S TE
AEJIRNE, SRR A EWIT A, EHXBERE T, SEERAHEX
VEf i . AT ZIH X — KRR, KGN 7, e, IR AL, MR R ESR S,
FENL T IR B NSRS BEAT R 01, K(3-4) 2 HG-9) K IGE N MT, M2, ...,
M6,

E=aP (3-4)
E =aP> +bP+t (3-5)

E=aP+bC+cPxC

(3-6)
+dP? +eC? +t
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A BN AR

NRAEHE; a,b,-,

E=aP+bC+cT+dPxC+ePxT
+fCxT +gP* + hC* +iT* +t

=aP+bC+cT +dH +ePxC+ fPxT

+gPxH+hCxT+iCxH+ jTxH
+kP? +1C* + mT? +nH* +1

E=aP+bC+cT+dH+eAP+ fPxC
+gPxT+hPxH+iPx AP+ jCxT

+kCxH +ICx AP+mT x H
+nT x AP+ 0P + pC®
+qT* +rH? + sAP” +1t

AT, g5 R 3-1 frw.

(3-7)

(3-8)

(3-9)

PRytiJy: CoONNCS & TONIREE: HONIRE, AP
t AR

AR S, RHALBEAT R4, JFIEE RMSE A1 R 8 bR R AR S8 13 1)

COﬁFjﬁ(B@RMSE "

o
©»

2011 2012

o

%@ECO#{FWG’JRMSE i %*ﬁf{_NOxﬁFﬁﬁlE@RMSE
-N“-Wl:lM3 i -]\hﬁ;-m:hm-w

2013

%@&coﬁkﬁkﬁ@m

I 4 [ vs T M6

NOxHFIRMSE

IS
T

2014 2015 biS) 2011 2012 2013
/

2015

EHANOHFBIIR2

=4
=

. .
I v [ M
Fo v I v
[ vs 0 me

I
=

) COHEIFIR2
=3 =] o =] o =3
S s 2 5 82 2 7

s
o

-0.8F I v [ v L vis
-MZ-M4-M6

s
o

1 1
2011 2012

2013

1 1 1 1
2014 2015 L 2011 2012 2013

K] 3-1 &% RMSE 1 R 35545 R K&

31
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fEgiit B “RMSE b, BIALHORSHE, R BT 1, A sE AR 1k
IFEBCE DL B2 R /NE O I, oA (4 Rz TREAYIME. 7 TLCE
ARG S B 7 DN AR AR R TGRS I MRHRISCIG DL - FLIE 5 25 18 D 2K (A 3
i, AL RMSE /), R* MG 1, BARLHORGHE, BAe S USR5
JEICH . I ERIZ S, RMSE Al R* RFRACENIRREHOR: AR5 8. KU
SR A, RMSE M1 R $8bn A B MR T, (HIR RO E 2%, 4ia
% 18 a1 N G-TF N RO HEBR A, e & B BU A 1 3K(3-10) s

E=aP+gP’ + A(bC+cT +dPxC

(3-10)
+ePxT + fCxT +hC* +iT’ +1)

3.2 EFHFAMRHIBUERIR VPP LA E RS
3.2.1 BFrERE

LFMACHA BT DL VPP H A U i B KON B R, 4% DERs 1217/%
A BRABURA . VPP 5 RAS B ss I Ny ER At el ss, H AR R B R TR

T
max B, =Y (B +B/ -C" - C)

- g[(pfbf + PP DY+ (p! D)~ (0" | DE (3-11)

+p"" D"+ p" D)= (p’ D" + p"E)]
X B,y VPP HIEEWRS: BB 25t %) VPP 5 e %8 Tk 25 A H:
RREE s CP AT CE 4251 %1 DERs [IE 4T BARUR S AT HEBOR
A pl,pl A p! SRR N TR B LY, R RLN R VPP L p™
PP PR pt A BIE BIE AT AR, KL TR, SR A, B
WUEAF AR S et DY, DF,DF, D D", D" #1 DT 4y 5l t it % VPP
AR L B, VPP i DB B, VPP R AR L, AR R, KWL
N LR, St RSN A AR R L L Iy, oeh P o 20 o A BT %,
U1 P° et %) VPP LRI R, H P At=D, ArREAY, H1h.
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3.22 AREH

(1) TR
B =B 4B + B+ BT 4 PP (-12)
Kot PORy A% VPP SHRAS TN, 4 PO > 0 PO = P, FI PO = P,
HED > OMFRAKRER A, B <O R

(2) VPP 5 H RS 1 4y

~-PY <P’<0<P°<P’ (3-13)

e Py, FEo5 U 3 S DA G PR e 126 1 BB R T S BRI

(3) ARAHLLIR

RN I E — € IR, HRRIAE €Sk R v 1k
R AL A, BOE T H BRI I O TR EERT AT AE, ML
i JJAE I BETT AR A A5 RN R AH S CBOE IR LA TR .

0< P <Pt (3-14)
AR =P -P" (3-15)
~nP SAPC <nPyl (3-16)
R =P =0 (3-17)

K P NIRSEEHUR K JIBR S AP e B 2R SEC NI TEHE ThE ;. n hye
ok A T oAyif B2 A A5 R

(4) fEREZIR

fif REREWS 7R 4b DREs i JJHIBEHLIEA PN, AHT VPP #yfzsE th /]
11T, AIREEAERERIAE M A A, X H R TE A B AT 1 PR, RIS ek fE (10 i
HUIR AR (State of Charge, SOC) T BARFFAE— VL IH A o N ORAUE T B[ AT R L 2EAT
fili BE SOC A 1 5 J T4 AN 45 SR Iy AR 55 CRE RO 1A B2 e B A AR e T H A 55D

_PESdiS < RES < PESCha (3—18)

max max
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BESAt

SOC,,, = SOC, +~— (3-19)
S0C_. <SOC,<S0C, (3-20)

T
SOC, =S0C, = > (P*A)=0 (3-21)

t=1
Rrfte P, —Po" P Sy At RE R T e Th 3 R ik B 1 B DL 2 &

SOC,,.,SOC,, F1SOC, 435I NfikfE SOC fe/MH, SOC f KBt %] SOC 18

33 BIBERZREREA
33.1 BISRREX

15 1838 2 5305 (Crow Search Algorithm, CSA)P' g —Fh 3t H AR AL rp 248 7 &
AT R R R ARG, T A 1) 8 o 2 SRR T S FEATE SR W
B IPMES T4 i B . DS ERIIAT 2 — i E AT 2 R 1 B VAT 58 1 Bl
Wb, FHTERER EIZ VNS . A, SA5HE — AT S, EATSIRE
fib 2 05 2 FAREATIF A 2 AL . W SRR B T HoA S B (5 2 b, (58 2 1 7 B
M), CSA W@ BTiZAT N, CAONIEREB T T — R 250, BEisA 2L
HAS 2R A 2 () IR BT AL R AL A

fE CSA 1, i RGMMAER N E X, (=12,.,Nit=12,.,.M,) &R, H
X, =[P B BT PP PO, N OSSR, M, N OKER S, A
ESEAE AR E A F, ERIOERT B, SRS RE N E,, W
() X, e S HS 1 ARG I B O B S P 2R R A 2 AR R L IR
A LI B YIARVE

fE CSA W —UGERA, AEH DA WALE, DA FEILERE S — N 155
CBldn jo , REERBE S5 j i T A, RIERER AP, BAWT
P IO

(1) AREMIRER: #7579 j ARG IRER, W27 0 BRAE S HS j Heilr Hol e 2 At

(2) SEHIRER: H DAY jERGEERER, WIHS j S BEALEE N (AR BT S A
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gy DL PRI, I R BT
o :{X;mxﬂx(X;—X;;) r, = AP

(3-22)
rand otherwise

e My 210, NIE IS AT IBEHLE: /109 RATERES; rand JNRENLEH A4
DR

332 BIBERZIEREL

ASCRYER) VPP L Br AL R EERE R iR & B i AR R MR AR Y, et
T B BUER LV AT IS H bR b . BIAFAE MR AR (3-21), SR AL
BLEAE TR BRI FE _EXE LA A2 7oK, HEE VRN R AR, AREL K
Bl CSA HAIRGS (R s I, (H I E S 815 CSA RT3 IR, Attt CSA
FEM A RRR S REIT R G, #deh TRENLENES T A, SRR
BRI TR T 502 RWE, MESRREINEN, 5% e R/IRR
Fem R &, HA S RIREHLENAS AT BB AL v 3 B SRR Rl et ok
B
it

M,

it

Q. = fl—rx flx (3-23)

A O WA it YOEARh 5851 (A ATHE S
Hit— 2 CSA L REIT K IR )1, a1 IESLR 2R, -
T 5 1E 425448 Z 5% (Crow Sine Cosine Search Algorithm, CSCSA)RXH 8% 5
WEHEATACAL,  WH P
I=MoX]-X, (3-24)
Xi+IxQsin(r,) 7,2 AP&#5 20.5

=1 X, +IxQcos(r,) r,2AP&1 <0.5 (3-25)

rand otherwise
A AN FRERE; r [0, 12 A FIBENLEL: r & [-2m, 2n] (A 2] 43
AiRBENLE: M ONBENLEERE, P M X eR™, i<N: o AMIAIRL
ARED I R B
Bk 9B IERZEREL

X!

it+1
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WL N, f1,it ,M,, AP 1 BJ™ ;
BENLAI AR — AR S R
Pl*’i = Plzkr,xl;in +ro (Pli,riax - Plikr’riin

while t<M, do
WHE(3-12)it5 PO

F=P.-B!
if By <max(—F) then
B =max(-F)

end
for i=1:Ndo

if r > AP then

if 7205 then

IE5Z{ &
P

it+1
else

RIZHE:
P
else

BERLBI A1
P =Fo +re(P

1,min

end
end
it=it+1

end

), *e{WP,PV,GT,ES}

X, =) B P BE R
RIEG-11)iH5E B, LIRETT B,

NI fL /RS

LT A 22 S 1

=P +QOsin(n)(M o P’ = P;")

=P, +Qcos(r,)(M o B,

1,max

]

B

1

3.4 BHH

3.4.1 IFREE

N BSAIE BT HRABI TR R SR AR S (K0 25k, AFEREE T B 1A 250kW KL 14
200kW &R+ 1 > 200kW fERE. 1 & 200kW BRSEEHLAT 800kW F Hi F7r7 4H J 1)
VPP. LA 24h A—ANEIRHEAT A EE, {80 ok i /5 1) S AE A% ek HE U 7Y
T 51,501 M ARHEBEI R (35t 2,S02) AT TSI, B 3-2 M
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VPP 35 5dE
‘ 25
asop  ~ & - 'é‘
LS o 5y
a0l HRIRR L g N
N o‘o~ . . 120
L p’ Q@
30 , 002 ¢
300 ,9 b 15
= . O
&2 v -
= 5001 N ! =
l -
o ) ‘ 10
150" { .
I c\
100- 6 o 0 J Vs
501
Ok I I 0
0 5 0o 20 25
i [E]/h
& 3-2 VPP 375 4R
HL P B B Y, VPP N BB HLAN 1 3-2 Pl
* 3-2 4rES AN
B FEL PO T LAY EEL PR LAY VPP PN 30 EEL A
= (GEAWh)  (GEAWhH)  (JE/kWh)
00:00-06:00 (&) 0.22 0.25 0.24
07:00-10:00;16:00-18:00;22:00-23:00 G 2) 0.42 0.53 0.50
11:00-15:00;19:00-21:00 (&) 0.65 0.82 0.75

342 ZRath

SRARSE R P 3-3 B, B R 50 R B0k 20 a4 AR m 2 B AR B0k, K

T BR Bk 25 B bR bR BV A3 N FE BRI, R S b 1) A e M L, LY
YL AL /N T O PRI 43 DU R 2 20 AR 26 AR 1) B b e B

NIGAE PR IR0 Rk, ARTK CSCSA 5t — B B AL BIE BT T

ST, Wk ¥ BEAR AL B3 (Particle Swarm Optimization, PSO)S2, 27y HE 4k 3%

(Differential Evolution, DE)¥. IR IH12:(Grey Wolf Optimizer, GWO)PHHIA

B 3% B2 D FEAR Ak 55925 (Lightning Attachment Procedure Optimization, LAPO)®!, 4%

R 3-3 fow, WTLLEME 2], SHASIEMLL, CSCSA V598 BATHE 1Y
AT ST JEE AT SR AR L o
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6
7 X 10 T T T T T T T T T
—_— 150 500
6F —— DE 0 i
= GWO -500
5k LAPO i
= (CSCSA -1000
4852.7 4852.8 4852.9
4 20000
@% g
XE |
= 3r 6 10000 7
4
2k 2 | 0 7 |
0 N
4840 4845 4850 4855
1 100 ‘§§>_\‘A
0%‘ N
1

1 1 1 1 1 1 1 1
-1

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
AUt

K 3-3 Gt gt K
St SR Re REWE 3-4 Fros. XML, SBARITE G -3 i 3-5
FIE 3-6 fis.

6
7 x 10 T T T T T T T
= CSA- SOl
6l = CSCSA-SOl |
— CSA-SO2
——(CSCSA-SO2
5r ]
x10° “
R
LE -600)
Ry 6 B
=3 ) 70
13 2 -80 |
o 200 200 4844.6 4845 4845.4
1 1 KX\A
(N

l 1 1 1 1 1 1 1 1 1

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
BRI E/th

Kl 3-4 RLIR
M 3-4 ATULE MG 1, EATRERMFISS T, CSCSA L CSA %
AR AL SRR, H SRS R BRI BOSE AL e sy VPP ik 2 MBS e : 723
5t 1T, CSCSA 1E58 4597 KRG 699.04 76, HHEL CSA 1E5 4672 X,
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(1] 553.75 JL#eT+ T L 26.24%; 1E375 2 T, CSCSA TEZ 4733 ARG S AU &
793.10 JG, M CSA E5H 4845 AR 535.14 JLIRTH T 48.20%; T35t 2 Hhif
TERPT ARLR LAY, 380 CSA RAFMAEZE, 1H CSCSA I AABAFIIBER .
WAL BORE RN e T VPP (R I, IERERE—25 42T+ DREs {17
ZHEL, MRS S CSCSA KA I XU A1 1E Gl 7 sl & 3-5 #1 3-6 Fos,
R 2 N, MY EE 2251.12kWh GHNELBIN 68.28%) , HHEIAF 1R
[ 2054.33kWh GHZAELHIA 62.31%) $2TF 1 196.79kWh, #&TF T 9.58%, TH4H
ELBIEETE T 5.97%; JEHLE N & 996.65kWh GEENLLEI N 76.03%) , AHEI7 &
1 T 989.71kWh GHZILLEIR 75.5%) #2871 6.94kWh, 2Tt T 0.7%, HLLL
BIERTE T 0.53%, BTGB AL BRHE OB AY et — 250k VPP ARBIIRHE 178 RE .

25

- Q- KWLLprRH
SO1 FRAHLH )
—&— SO2 FHHLH

2007

2
>
R
100
50F
0 X s L d ‘
0 5 10 phin 13 20 25
Kl 3-5 #3750 N KM N4 R
200 ‘ ‘
=@ - iRELPrRH
180 SO1 FHARH Ty
—b— SO2 etk
160F
1401
2120
ﬁloo

0 5 10 15 20 25

L

K 3-6 &Iz TR AE R
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3.5 KRB

AR GE T AR IR T A5 Uk HE OB A J0 2 e i B S BRI ) R,
fRPIX — ) R, JE I Ry /R A O SR AR UE AR T S5 R T TR R DR 2R 1 A
BicHESOEE Y, I ad s [R5 A Pkt e AR AL, JRIGIE 1 HA Rt . AT DRI
Ry An, VPP A EEW R B R B AR R SR F T R BOE IS LR R SN B H
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