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Abstract

The optimal cooperative scheduling of multi-energy micro energy system can promote the inte-
gration of different energy forms and reduce energy production costs. Therefore, multi-energy
micro energy system has become the main direction of energy system development. In this paper,
the coordinated scheduling problem of different energy sources in micro energy system is studied.
Considering the comprehensive demand response of thermal and cold loads and electrical loads as
the means of optimal operation and regulation, a multi-objective micro energy system optimal
scheduling model is established, which aims at the operation cost, comprehensive energy utiliza-
tion efficiency and renewable energy consumption of micro energy system, and an improved ge-
netic algorithm is used to solve the model. The paper takes the example of cooperative scheduling
in different operation cases of micro energy network. The results show that CCHP and compre-
hensive demand response play an important role in improving the comprehensive energy utiliza-
tion efficiency and energy supply reliability of the multi energy micro energy system. The feasibil-
ity of the model and method is verified by the examples.
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Figure 1. Multi-energy micro-energy-system structure
1. ZRERMAEM ARG EHEE

ZAETRINAE I R G A S HL T IR IAR DG 4 B 445 DB e ¥ 1 46 AR AR, DA AR L2
W, AU H 5 TAAH S B % B X248 A

1) WKL

PYRAIL AT LN TR AR 26500 BI85 P 5 2k 2 IR b X SR AU . AR rp 2 A ) 8 eI S BORK &
KRR . HAERE AR R W

ge = aGEqueI + bGE

ans = mGEqueI + nGE

DOI: 10.12677/aepe.2019.76013 108 ML) 5 REYR L R


https://doi.org/10.12677/aepe.2019.76013

X% 2E

Qwater = pGEqueI + qGE
Pge min — Pe = le_ max)

ﬁq: P, FR I B RBLI K L 7, B0 KW Qq A THE R AR LA, B0 kW, Qg f2
B 7 R e B KW Qe AT RBL Fh7 2 BT S K A 4, B0 KW

Py i IR IRBLERAS I 7, P, IR AN BRI . arge + Moe+ Poe ~ bee + Mo ~
Goe IR IRHLIZ & 251,

2) WA B AL

1E CCHP R4, W] A S LALKE R IR L7 2 (0 A A B 4, AT S 4
AR 1A B AR RIS ORI COP REUE %, BrrRisRin T

Q. =COF, -Q,
% : COR, = COP, - #/(0.755” +0.01953+0.213)

Qc_min Q¢ Q¢ max
Q, =COPR,-Q,,

fil#4: COR, =COP, - /(0.22/8” +0.66985+0.112)
thmin <Q, < thmax

Hoh QAR HIANLA KA R, Q, Nl E, Q. MQ, FamH THIAFHI A AHkE, AAiN
KWo Q, in» Qo o INLVEBIA R I FERAIERR, Q) in~ Q. max JINLABIFE K LN COP, #1 COP,
TR ZERHIA AL, B4 A SY0E. COP KRG aRE WA SR 1Ak T A {k,  Fr AR 5t
BE HA 1| 3 R 5 COP, M COP, HHTIZIE, A Affnse, RIsbrit h5%e i hmiii. HarE N
PRI A 2 4 /) AL A SRR A A R S A L, LA 74 2 4 COP, U 1.29, LA il
AR COP, HUE N 0.9,

3) HARPEEHIA NI

HL 1)V LA F RS Y FE AR, R R R i LR L A0 BT = A B . SR ST b ¥4 i B L 20 2
Aok, FELARIA LR HEEAEE B A R BRI R A H A LR FE AR B B D

HL AL -
Q. =COP,, .- Py
Paire_min = Pairc < Phire_mex
HLIAR :
Q. =COPR, 1 - Parn
Paim_min < Paitn < Pairt_max )

HrQ, . Q W& RAMBHIHIAEMBIAE. Py Py R & HHFMHEIIE, P nns Puc ma N
R HLII D2 BB, P in ~ Pairnmax JVHEPIRMITIE BRI, BLESH AL kW, COPR,,  Fl
COP,, |, 9 FL I A BT HL IR ) ) 4 2R ORI 4 5 5

5) fiERER S

TE2 REVR TR I 1A BE R AU TT Re L FE FELAE RE . A AAFERIES VAR . A0 o

£
Q. =Qy(1-6,)+PeAt

DOI: 10.12677/aepe.2019.76013 109 ML) 5 REYR L R


https://doi.org/10.12677/aepe.2019.76013

P

—Pymax <P <P

X XCmax

t
mein < Qx < meax
24 0
Qr =Q

Hor, 5 bR B& HBRERE. 5 =T BIE T AR IR & 70 RE Th 3 IR L it Al 25 PR Rty
AR E — AN A J55 0 P9 19 7 T T A PR

6) Y

TE2 BEVRTHAE It A o B AR R 5 R P DO A R AR UL FC DA S 3 R S AL . Dy SEIIX — B i,
R F HLEE 0 A AT T A B B o K AR L T L, IR SRS L, PR ARR . R AVE u&ﬂﬁ
i TSI BRI FAES AT A 0 X LD P

B IERAE —EM S ZIREM, £S5 RN RS A . BEE 2 3 58 X v LR
AR A KR AR .

Q=c-m(t, -t,)
¢=4.187kJ/(kg-C)

Forr, Q o U W e ISR A U SRAT RO FARE, BRL 0 KW ¢ RoR TR EEF, m Rom A K
th ZRE N TR E, SRR kofs, t Fos O I b L P M R IRE, t, RoR TIK
B B NSRRI IR, AN C .
HH ¥4 ) TBE B R AT AN R AT Ve BB ERS A IS 6 25028 FE R RE AL S AE IR INF 18], JFAE AL SN A 7E
PABESRR IR, BT LG 75 B2 R ARG .
r=L/v
Qs = QL
Q =aT+b

ool o FoR AR BRI 1), L R AVERE K, Wy m, v R TR M, MR mis. Q.
o L KR B B O, R KW Q o M K F BEHVEF A, i KW, T Fomeft
PR TREERE, RAK, a b REHESEMN, SEHEMEGE,

RSB AR T, A (S OBt T

At
T =T,"+QR-(Ty* +QR-T' e P& s=1
At
-I-it+l:-|-0t+1 (Tt+1 T )e RC s=0
HA T Rt LN 2R, T 3R t+ I 2 S R, T t 2 S NRE . Q kA
#t*ﬂ% RONZERGEE, 1 R1 AT R2 504533, IE04 T R1. C AR E M FE A R R SR 2 5 I,
ST SAE. Hh s =0 R R EILIADIRE, s =1 FR A MEREHTIRE
TERAIBAT P e LR, ARG AR NN &, RIS S5, K At )
FWIREE AR E, BT 2 P EFE RTINS NIRRT/ NEE s, PR
P LR AT e N RN A 3
Ti+1 = f(Tin’To)
T ST <T.

min = Ti+l —

DOI: 10.12677/aepe.2019.76013 110 ML) 5 REYR L R


https://doi.org/10.12677/aepe.2019.76013

X% 2E

22. ZHEENMEEERG EEEE
22.1. B¥RE¥
AT EEHZELZREIRMEEMIFAZITRIZ N B iR 3BT RS BEIRF R DL K &
AIMEFER] FEAE BE YRR = .
ZIETREMN AT BT, BIE T AR R/MER, AMUFE T Z5A A IR RE NI TS 1 5%
F, 38 75 B2 FE IR B HE U 520, (K] e e 9 0 5] 18 B2 B b bR BB HE T 0 H W SRSCAS RT3 58 BSA 1 5 4
C=min(C,+C,)
Hrp CoAMEHL TS RA, C, RRTIANL A B R IR A, FLit Rk T -
C = chi;rid 'Pgirid +ZC:\IG 'Vris
C,= erilak x Bk XZ PMkT
A, Clg 2% |2, IR TTRWh, Pl 275 kI ZUM K BN Sh3h %, Hdy
KW, Cyg ARSI, BAAATTINMS, Vg N k IFZIFEI RN R E, A8 Nmd. o NHEBEE
RMANBITHIRAS, By N BHLIEHBE AN k B HEBGERRE, M OSHEBEEEL(NO,, CO,, SO,).
Z Re VR AE Y ) S B AR R L 2R 5 1 AR R SEATE R GEIR, R RGN, BRI E R
AR E AR AN, BT CATE U5 RE AU A RE AT L bt R B BB R . Re M HE SR BRI,
BEERESHE XN N R, AFRFIEEIRNREE A AT FEH o E, Bl A E Sk T R SRR
THE, MIMAFIZMEeiRg —rH B MR ES R
n :(Ee + Eh + Ec)/EaII
E. = Eg +Epy + E;
Jo, E, NSRRI, E, MRS, E, N SRR . E,, Fon RGA
BN BEEX N B HE, BAFESMN KRR SRR R ERIRIRN A BE = X N R E . P, AR
g, Q, NEMIA T, Q NEMARTT, Quy NARGRKNTIHIE, P AN R B S AERE, Py
HNIAR R G A T1. AFEREE SHE 2 B R W R
E. = (P)
Ec = Ziil((Tok/Tck - )Qck)
E, = Ziil((l_-rok /Thk)QP:()
Eng ® Ziil(erfAe)
Egrid = Ziil( ngrid )
Epv = Zi;(PFl’(V )
Horr, T)OAKIZIEREIREE, TS k N ZIAUERNERE, T, k I ZIBGRIREE, R K. QY Ak
Ao ) S R A B T erf Nk B2 SR R e F’ek A KB ZIS AT, FRALIEA KW Qhe SIS
SAIGE, ngrid S K I ZIAh B R R, PX, A K I %R R B, BRIB A KW,
ZRe VR A o i AT AR SRR I A AN AL FE A HU LA RE R AR, B AN L g ok fy Ak BT
FEMIASEIR A o DAL A 28— 37 55 b e R 15

DOI: 10.12677/aepe.2019.76013 111 ML) 5 REYR L R


https://doi.org/10.12677/aepe.2019.76013

P

M = (quel + |:)grid *(1_}/)/77)*8

A, Quy NI RGN AMIEFERI KRR TR, P AR RGENSMENIGRE, y ARRGHA]
FHERIRZER, Ry A REUR AR IZ XSO U A LB R T BRG], DT U AR e TP R U
RIPEIRR, e AT AL, HAEHN 01229, HALE kg briESYKWh.

2.22. JREH

el G RN BN IR EEOESE SR WA W N WA 25 ) A =l el S OB T A i
2% BB AR TR (R 2 B M S R SR S B R P AR, B ERS B T LR AR T ) SRR
WREFH 2R ANER AR AFER B2 oA 1 H 77 B BR 2 5 DA B X 1 i B 240 SRR A R L B 2 B

2.23. RULEE

TESRARA SN ARE N 2 H bR BRI, SR MR AL EE S GOSET (BHE AL HIE RS TR T
H.(Genetic Optimization System Engineering Tool)). GOSET 7£ H: & Jeid firb, 1) 32 Bl vk & Fh TRE )
A, WP TR R . ORI B L. IR R BRAIEDE AL R SRS EOR
Ao FAE PGS VOR MR X S ) B, 7R TR AR AR R RAEE R K.
3.
3.1. HHIEH

DASTIN FEGRRE X 8], 383t SRR A 37 (R0 A e D R FE RSB 5 L 1 A TR I 22 BRI Wk 5] R P TS A T SRS o
EEM I8N & CCHP. JefRy XU iBfRE. ANKEEEAALE W 2 Fias. CCHP HL4l. Kk
LA R I AR A R e B . AR B L. B WA 00t AN 2090 B AR L
FHL IR T L A HLIEA T A M

8@
7
1 o— 1 i‘ 2 4 6 6 7@
8 12 16
10e 11 12 @ 13 17

PV ESS PV

Figure 2. Micro-energy system network topology
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Figure 3. Output power of devices in micro-energy-network
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Figure 4. Electric power and load curve of micro-energy-network
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Figure 11. Output power of device in micro-energy-network of gas price changed
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