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Fig.1 Structure of microgrid with CCHP system,
including renewable energy resources
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HI 2 W] WL CCHP 38 i R BE A 0, R 4R
PR AR AR BE L g TRR ™ A B 2 R A B4

Jr 3T 3 A PO ACAT L e o v B ) 4 R de At
Ve fmr It i T LA a [ R 25 1] i i e iR I
P 75T JIT o ) BE A L ) BE 5 38 0o S PR A R BE AT 9
Be AR AP B A7 AR AR LB B I R i as AT
N B3RT L Ao ) A B A rp R R SR AR R B A A
EE A I e 0 L P o L T R BN e o W e )
P s Ay ri A 3t R e YA | R AR B i A T p
22 4% B VL RBP4 DA v FTHA | X L 2 V4 A HL 22 BB VAL Fol 1
HAHERERIRIRZ —

2 SABEREMMLSHEDEMLER

5NN & AT EAE R IR CCHP 14
HTEAR R B, HOU s s i 42
FRME AL PR G 3 PP aE & Y I8 B A A0 2 SC 3
T A AR 22 Ge v R = R U R S8 AR 5, R
1A% B AT FEAS BB IR Y CCHP I B[R] P A A5 Y 33E 1 7
) 3%

2.1 WEEEBREASHE AR

RS o g ] AR RE VR R B K ROk, M T
Fo o R H AT AR RE R (BOR AUH FDR R 38 TAETE R R
R S IR AT AT LA — 25 mT 13-4 RE IR A TR0 iy
LRFTR— KRNI Ty, T AEAOE A 14 B2 SR B
R B SRV AR S s e KU L SR A
BUIBR, BIA 0-1 288 k(i) R4 v] fE A4 BRI 2 &5
B AT RRIEALA I A BT 5 AR, A AR
R P OR 200 FLa A7 A e A AR SO R FL AR
SR C, JBATHE A C, FAFHLYE LA ¢, KAtk
AR BRIRALAL j A C (i), AT AR ANE

Cj(i)z(Cle(i>+CZ>kj(i)+C3(1_kj(i))ijax (1)

P.(i) T FRAERRIEHLAL j 1 Hh ) il R TR 20

P <P (i) <P,. (2)
HHA P P 530 A FTFRAEREIRALA j 13 789 1 |
TR,

FEARE R rh Vo B A 67 iy 2500 A AT LASE 2o g sk 5K
P EAT T 4 AL A A T £ 45
2.2 CCHP &3

X 2 Frs CCHP B2 ML [ 0 e b 2D
R R R CHE A RN

Bminspl(i)splmax (3)
-Ry<P,(i+1)-P(i) <Ry (4)
HA P P 57908 CCHP HLAL | At 2% 1

FRR Ry Ry, A3k L R 1 R )
AR
TEAR SR % & CCHP MLAL [ 5 i LR p(i)
S ARAR R FG) TR CHR .
aP (1) +b=F(i) (5)
ot ap by 53 )k M O 2R 14— R TR R BT R B



%6

TRk A AT BRI A N v — R 2 RE T P IR A AL 5 FR 450 B @

CCHP WLAL | i ASm s AT 24 i F

7]FHFz(i) +77th-h(i) BHl(i)/nhex+Ll(i>/7’C0P (6)

OgnFIIE(i)+an’l4)(i)$Hlmax (7)
Hod oy B CCHP P A BL A I 10 R B, M R
PR BEIRAIR 0 N B RS B meop F 1B HIL
% ZHH,. N CCHP ML [ A% $ER b e Kis 17
DI RGN i B CCHP AIL4L 1 o N BILIE FE RS K
SRR Fo, (i) R @ WHBE CCHP LA 1 Ay $i
HMETHAFE R SRS & H, (i) 8 CCHP HLAL [ HAx 34
By [l P i AT 8 D, L,(0) i CCHP ML 1 il
R IR F () A R, () 18 5 P ok
T,
2.3 fEBEIREEE

LAY v il FL AR | IVt B SR i BE 3 A [A] 2
TR (1) ik B 15 45 ke PRI VA 2 06 s %) R 3k |

FEL i i R P A R M AL AR, R T e A B R
U 25 R DL K FE BRI B AN R s 1T
ARUTE .

0<Pu(1),Puu(i) <P (8)
SOC (i) =SOC(i~1) +m.Pu(i) = Pu(i)/ny 9)
SOC,;, <SOC (i) <SOC, .. (10)
Pyi.(i)Py(i) =0 (11)

Hrr PGNPy (0) 53 3 R A RE Y 78 iR ) 38
P FHIKAA ;SOC (1) h @ I B LA RE Y 25 5y m, N
na 53990 Ry HL A B 1) 70 HL AT R 5 SO F SOC,
430 R LA B T 2 o e/ IMEL R R KB, =R (11) A
e R B AN T BRI T 7E 7] — B Z0 6 e AR HEA T 72
ML E L, HLAR R A FE AR /IS B TP OR T 5

A RE 52 A AR I RS BL | ¥4 LUT RRAE . Bl
T 505 TR I AE AR AR, DA e S 1), — ik
BERSAT LLH RN F

0<Hn(i),Hro(i) <Hri 10 ma (12)
Hy(i)=nHy(i=1)+nuHuy (i) = Ho (i) /M0 (13)
O0<H(1)<Hp (14)
HTI(i)HTO(i)ZO (15)

For  Hy () Hyo () 73 501 8 it T8 8 00 58 ik A4
T3 Hoy ro e N HIRKAB s Hi (i) I B AR
filt FRIKF sy T g 23010 h i ARG 8 1) 6 TR TR
B 1=y A IR B 28 ) B B[] )5 A B FE R
Hiyp o PR E AR & AR RE B4 113 17 I
ARFHRUWT .
Cslolage<i> = Crps (P (1) + P (1) ) + Cros(Hu (0) + Hro (i) ) +
Cops(Li (i) +Lo(7)) (16)
H Cus Crs T Cogs 23010 H, HA V2 At BE 19 1 2145
FERUAS ; Ly (0) 1 Lo (0) 53 5 R RERE Y 52 B0V 4%
24 HREERBRIZEHED
Y v B B A R T ORI AR

F, DR 22 % 1 i BE A 4y BB |
LA R B B AT AN T

Hy (D) =0 Pe(i) (17)
0<Pui(1) < Pyt e (18)
Lic(i) =g Pec(7) (19)
0<Prc(i) < Poc (20)

Hr R AR EH MEC 43 51 3 7 B3GR L R B 4 sy
L e 5300 Sy L BRORTT L ¥ B 4030 5 3B AT AR FH 46
D2 S PARE AT AR 2] R R .
Ceomen (1) = CronPen(i) + Crc Prc(i) (21)

25 BiREHEREETEHAR

2R SC R AT A A IR A VA IR B RO A AR TR A
H bR BB 15 R G 24 h NI RGBT AR BRI,
AAE T A REIRHLA j A C (i) . 5 BB M2
Gy A Crage (1) VLA AR Copen (1) B B A
C e (1) VA SRS B IR CCHP WYIBATAE A, H
PReRECAT LR AT

C(L> = i C‘](L) +Ctmde(i) +Chmmge(i) +Cr:onver1(i) +
=1
Cow 32 (F(i)+Fia(i))+ 2. Coaar, (22)

Fzgcu) (23)

Horpr €. FIRALR SN HE  Coa, 9 CCHP HLAL |
A TRAS s new A CCHP AL B

FRORAR SCHEST I — A B H AR AL AL (R R
b BARX (23) hEE &5 18 T M2 47 BAS F1 AT 2
REVETH AN %, SRz 8 AR fe /N AT P2 BE VR T N
K RCH AR SRR S0 F o 2 A
H A pR A AR FNAE SR8 ) H A R, X6 AN )
(A SR A 50 H AR LA, A SCHE RS A 25 J& T v
A BE R Y B R HL AR ¢y, a2k ¢ BUUE IR 4
gk FRIA BFCHIVE A — s B4k ¢, iR
ol A pe = (23) BE T A5 20ih Z4TRTHT . ASRA AT
FAE RE VR BUAS R B T 8 328 47 05 1638 8 BUA e /N AN
AT LA R YR T AN A K 2 ] AR

R G0 A BT A LA RV ST A R R A

SR+ 3 P + Py +Panli) =
Eroi (1) + Py (1) + P (1) + Pen(2) + Pic (1) (24)
2H<> + Hi(i) + Hyo() = Hyoa(D) + Hu (i) (25)

'2"Ll<i>+Lm<i>+Lm<i>>Lhm<i>+Ln<i> (26)

For Py () P (i) 73590 2 Dl X i) L 20% Fi, 4 14 Oy i, 01
IR E (i) Hiw (i) L () 73590 47 X B HL
PNV B fr

T 2 T 1 20 I RE et 2SR 24



78] ® 0 8 & iR B

F£37%

P;m'd,minsphuy(i) ’ Ps(‘ll(i) ng;n'd,max (27)
H A W AR
Clrdde(i) = C])uypbuy(i) - CseﬂReﬂ(i> (28 )

Hort €y AN C oy 53 3R 1 DX 1] 1 2%, 6 0 e, 5
B B AN A

TEAERERC R rh AR B AN (1) A (15)
A RN R A SR i — R O R
big-M 7k, Bl AR B B AN AR (1) A
(15) AT S A R B,

0=P,.(1) <zp(i)M (29)
0<Pou(i) < (1=2p(1) )M (30)
O0sHn()<zy()M (31)
OSHTO(i)s(l_ZH(i))M (32)

A 2p(0) 2y (1) FBEEAR B, M — > R R IR
AR ()M (12), X (29) F=X (30) T M
ATECH P, B B2) 8 M ATHCR Hy o o
AR ST g ) AT AR AR R — N TR R B 1 R A
(MILP) A} AT A3 8 CPLEX &% T HR g

3 HEHOIEIE

AT B UEAS SCH EE ) T E A BETR 9 CCHP i
W AIe Al A TR AE Db JE 22 BR AL | AR AIC B A 4 5 mT P A
BEVR T 40 7 1 P R0 e R A T 50
[ R AR L VA A SR SR I O s B
ZH VA AR ST AR AL IARE B T A AR AR AL L BB
i AT P AR B VR R L I SR AL ¥4 i I F R e I
AL SRR A B I RE B & TR

AR LT SR FH 1 R AR 17 far B8 Sk el XI5 H
SRS TS AR R AU B H H 3% T DX TR B XY
Ot FERN XU K 3t H B i A AR 2 SR i & 4
DA 15 24 2 A 34 o B s PR el X0 H )RR, A
G R I L 1) B R e e R A 1 T L A R
DA R T 1) 0 P ) 1) B A A SR FH L LAY

P T T T B | AR S 32 B4 s B 2 B R A4
Ak S B 3 MK 4 435025 T B 209 ] FiA g
U LA AT RO, o] A BR IR AL EE 2 AR
HLAL (PV, . PV,) 1 3 A K ALAL (W, W, W;), H
A2 N HLAL S i AR, B 3 AT UL ZE R A
REVR 2 LOBR i o 3 | BRI A7 7E—E 1Y
AP E AN, A 4 AT DA B 28 B g o B g 1Y)
FEE S TR 3 RO XA B g Y7776 B B A I

K 5 HEHZBERAGMALL K 6 5 CCHP &4
DI Ees O &1 7 B 8 45l e ¥ R
fRgE 5 B 5 ] LLE 78 B 2= A 00 fap BG4
B E G OL T | AT 2 2E5E CCHP A HAul o
] P25 ok S it CCHP 19 34 ) AR g s BR Bl T #4172
far 8N, LAY F CCHP B3 71 78 B4 B Z1#48

SRS IG5 DL A I R AR I BB AT,
ME 7 B M TREEEAREL 7L, M
Xif T HL 57 40 1 5 AT A AR — 2 IR AT L BE T L B4 A
fap 58 hy 7 E DR MO AR R — B 4 F BB ek L v R A 1R A%
UL IS R G0 IR P T 0] P A BE VR RITE 671 47 19 30
S| LA RE A A S AT T R H R IS R) L A 4 A
] v A i A 67 Ao 35 A1 B ] P A BB TR HE 4 s O R B
AT FEHL | MFE 13:00 J2 21:00 % 57 T faf Ab i Hp Sk
BT,
YRGB 8 W AE B v 1 far B 1 1
DU, RS R A FE CCHP AL ¥ % 4 15 45 42

15

Y)F kW

00:00 06:00 12:00 18:00 24:00
2
——W,,——W,,— & W;,——PV,,—= PV,
B3 EEAEEEHNHR

Fig.3 Outputs of renewable energy resources of summer
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Fig.5 Optimized thermal system of summer
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Fig.6 Dispatch of cooling and heating powers in summer
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Fig.7 Optimized electric system of summer
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Fig.8 Optimized cooling system of summer
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Coordinative optimization of multiple energy flows for microgrid with

renewable energy resources and case study
GAN Lin',CHEN Yuwei*, LIU Yuquan',XIONG Wen', TANG Lei*, PAN Zhaoguang®, GUO Qinglai®
(1. Guangzhou Power Supply Co. Ltd.,Guangzhou 510620,China;2. Department of Electrical Engineering,
Tsinghua University, Beijing 100084, China;
3. Beijing Qingda Gaoke System Control Company,Beijing 102208, China)

Abstract: Along with the appearance and rapid development of energy internet,the microgrid with CCHP
(Combined Cooling,Heating and Power) system becomes more noticed,which contains multiple renewable
energy resources and has high energy utilization rate. An optimal operation model of microgrid with CCHP
system is established,which takes the minimum total operational cost as its objective,considers the conversion
efficiency among different energy forms and the constraints of different types of power generation and energy
storage ,and realizes the comprehensive utilization and cooperative optimization of multiple energy flows to
satisfy users’ demands for different load types. The actual cases of a real district are analyzed and results
show that,the established model effectively optimizes the dispatch of heating,cooling and electric energy
sources,reduces the operational costs of microgrid and enhances the accommodation of renewable energy
resources by the coordination among different energy forms.

Key words: microgrids; multiple energy flows; coordinative optimization; CCHP; renewable energy resources



