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Economic optimal dispatch of an active distribution network with combined cooling, heating and
power microgrids considering integrated demand response

YANG Xiaohui, ZHANG Liufang, WU Longjie, LENG Zhengyang, LIU Kang, XU Zhenghong
(College of Information Engineering, Nanchang University, Nanchang 330031, China)

Abstract: When several combined cooling, heating and power (CCHP) microgrids are connected to an active distribution
network, the microgrid and network serve as different stakeholders, and the economic optimal dispatch of the system
becomes more complex. To protect privacy, an economic optimal dispatch model of an active distribution network with
CCHP microgrids is proposed. Chance-constrained programming is used to deal with the randomness of new energy and
cooling, heating and power load in the CCHP microgrids. The distributed modeling method is adopted to minimize the
operating cost of each region. Analytical target cascading (ATC) is used to determine the optimal economic dispatch
results in their respective regions in parallel. At the same time, the introduction of an integrated demand response (IDR) in
the user side of the CCHP microgrid is conducive to reducing energy supply costs. Verification on an improved
IEEE33-bus system example shows that the introduction of IDR can effectively reduce the operating cost of the system.
The optimal economic dispatch results of the active distribution network and CCHP microgrids can be obtained using
ATC and protect the privacy of each region.
This work is supported by the National Natural Science Foundation of China (No. 61963026).
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Fig. 5 Power balance curve of CCHP microgrid 1
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Table 2 Operating costs under different confidence levels
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Table 4 Calculation results comparison of centralized

method and ATC method

525 JC Y AR TG ZM SAT REAITT
o 40 173.04 28 758.20 68 931.24
ATC 40173.16 28784.72 68 957.88
:l: ~
5 él:l l'%

ASCHEH T —F &5 IDR 1] CCHP il I 1) 3=
ZNICHL 2GR A R AR AY, SR A H ARZUIE SR
& E X RIS R, AR
L4518

1) ££ CCHP Tl™ i F I 51 N5 & e SR B
2 S L AR MRS AR AR A 2 5 76 oK
WAL, AT RPEAR RGBT A o

2) B30 CCHP Tt R rh Bt REVE Sz v #A L A 7 1)
BEALYE, LS LRMRIAEE, 5 5ERIEERE
iE, RGISAT A .

3) i H AR R AT, BEREAEIRIP &
B DX IR G A B4 [ B s 3= 2l I A ] A CCHP Ak 4 2k 3]
FEEGEN, AHEAREGRTERENE TS
JE I REEE BRER M 7R K
S
(1] gy, 2K, BUESS, 5. T I BEdi ELI I B ARk

AMHEAGESBEEN] EMEAR, 2015 39(11):

3023-3034.

LIU Dichen, PENG Sicheng, LIAO Qingfen, et al. Outlook

of future integrated distribution system morphology
orienting to energy internet[J]. Power System Technology,

(2]

(3]

[4]

(5]

(6]

[7]

(8]

(9]

[10]

2015, 39(11): 3023-3034.

BIR, T, iR, & o AaUA R R G
e & 5i&E PR T[I]. MIECR, 2017, 41(2): 418-425
HU Rong, MA Jie, LI Zhenkun, et al. Optimal allocation
and applicability analysis of distributed combined cooling
heating power system[J]. Power System Technology,
2017, 41(2): 418-425.

AR, B, Wi, & HIE B REH XL
Seti 22 5 M 2 R M XUR AL EE[T]. B0 R GRS
¥4, 2020, 48(11): 10-17

HE Lijun, CHENG Shan, CHEN Ziming, et al. Two-layer
optimal dispatching of multi-micro grid considering
interactive power control and bilateral bidding transaction[J].
Power System Protection and Control, 2020, 48(11):
10-17.

YANG Xiaohui, LENG Zhengyang, XU Xiaoping, et al.
Multi-objective optimal scheduling for CCHP microgrids
considering peak-load reduction by augmented e-constraint
method[J]. Renewable Energy, 2021, 172: 408-423.
B, 3, IV, SR S 2RO B R S
LA AT AT SRR 0]. T E RN LYK,
2016, 36(1): 122-132.

LU Tianguang, Al Qian, SUN Shumin, et al. Behavioural
analysis and optimal operation of active distribution
system with multi-microgrids[J]. Proceedings of the CSEE,
2016, 36(1): 122-132.

M, BRI, 5, S BT RIREIR S 2
FFHCHL XS AT BE[I]. HR ) R G R S s,
2020, 48(18): 27-37.

YE Liang, LU Zhilin, WANG Meng, et al. Bi-level
programming optimal scheduling of ADN with a
multi-microgrid based on optimal power flow[J]. Power
System Protection and Control, 2020, 48(18): 27-37.
JAMALI S, BAHMANYAR A, RANJBAR S. Hybrid
classifier for fault location in active distribution
networks[J]. Protection and Control of Modern Power
Systems, 2020, 5(2): 174-182.

FEMORE, sfRAh, SURHE, 2 1F KRG T RN R
RemARAMAECE[J). B3k es, 2017, 37(6):
101-109.

CUI Pengcheng, SHI Junyi, WEN Fushuan, et al. Optimal
energy hub configuration considering integrated demand
response[J]. Electric Power Automation Equipment, 2017,
37(6): 101-109.

RAKIPOU D, BARATI H. Probabilistic optimization in
operation of energy hub with participation of renewable
energy resources and demand response[J]. Energy, 2019,
173: 384-399.

TR, Sk, O85asE, 55 T RN MRET & At
SN ERE REIR W R R AG TR BE 3], B0 B Bl il B,



-28 -

Y EE X T EE S

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

2019, 39(8): 254-260.

JIANG Yuechun, ZANG Chengyu, HUAN liajia, et al.
Integrated energy collaborative optimal dispatch considering
human comfort and flexible load[J]. Electric Power
Automation Equipment, 2019, 39(8): 254-260.

WU Junfeng, YANG Tao, WU Di, et al. Distributed
optimal dispatch of distributed energy resources over
lossy communication networks[J]. IEEE Transactions on
Smart Grid, 2017, 8(6): 3125-3137.

SRR, VR BT AR A S G B R S
TERATTE ). I R GRS 5], 2013, 41(1):
143-149.

Al Xin, XU Jiajia. Study on the microgrid and distribution
network co-operation model based on interactive
scheduling[J]. Power System Protection and Control,
2013, 41(1): 143-149.

WL R, RIAME, S BT BRI TR 25
W EZNACH R S B IR E TR D] E AL TRE
2241, 2017, 37(17): 4911-4921.

XIE Min, JI Xiang, KE Shaojia, et al. Autonomous
optimized economic dispatch of active distribution power
system with multi-microgrids based on analytical target
cascading theory[J]. Proceedings of the CSEE, 2017,
37(17): 4911-4921.

TR L, 2R, LS, A AR TR 3 B
HLR G H AT S PR D). MR, 2018, 42(6):
1726-1734.

XU Qingshan, LI Lin, SHENG Yehong, et al. Day-ahead
optimized economic dispatch of active distribution power
system with combined cooling, heating and power-based
microgrids[J]. Power System Technology, 2018, 42(6):
1726-1734.

ZHENG Shunlin, SUN Yi, LI Bin, et al. Incentive-based
integrated demand response for multiple energy carriers
considering behavioral coupling effect of consumers[J].
IEEE Transactions on Smart Grid, 2020, 11(4): 3231-3245.
YANG Zhao, HU Junjie, Al Xin, et al. Transactive
energy supported economic operation for multi-energy
complementary microgrids[J]. |EEE Transactions on
Smart Grid, 2021, 12(1): 4-17.

AR, EEX, B, & ETTHRmNAZ A EAN

IV A= RN TR EE 9], B R, 2019, 40(9):

64-72

YUAN Guili, DONG Jinfeng, WEI Geng, et al. Optimal
scheduling of combined cooling heating and power
microgrid based on demand response and multi-energy

coordination[J]. Electric Power Construction, 2019, 40(9):

64-72.
A2, BRI, 3OR0, & T ZREE AN IR

[19]

[20]

[21]

[22]

[23]

[24]

R AL AT [0]. B R GRS 5 2], 2020,
48(11): 160-168.

CHENG Shan, WEI Zhaobin, HUANG Tianli, et al.
Multi-energy complementation based optimal operation
of a microgrid with combined heat and power [J]. Power
System Protection and Control, 2020, 48(11): 160-168.
HOUWING M, NEGENBORN R R, DE S B. Demand
response with micro-CHP systems[J]. Proceedings of the
IEEE, 2010, 99(1): 200-213.

R4, BORl, XTI T R R 5 Y- I - X Wi
1 FL ) SN P U B2 9], b [ AL AR A2 4, 2015,
35(13): 3239-3247.

ZHU lJianquan, DUAN Pian, LIU Mingbo. Electric
real-time balance dispatch via bi-level coordination of
source grid-load of power system with risk[J].
Proceedings of the CSEE, 2015, 35(13): 3239-3247.
JER, FME, IV, S BT LS AR i
W i KB RE I XUR AL, I R GRS Fl,
2018, 46(4): 70-77.

ZHOU Wei, SUN Kai, SUN Hui, et al. Bi-level
optimization model for load supplying capability in
active distribution network based on chance-constrained
programming[J]. Power System Protection and Control,
2018, 46(4): 70-77.

KA, Fuki. S Eu ey T AR AR YR R ) AR G e
[ 4K I P 77 3% [3]. H 70 & 48 E 3 ik, 2019, 43(3):
67-83, 115.

ZHANG Xu, WANG Hongtao. Optimal dispatch method
of transmission and distribution coordination for power
systems with high proportion of renewable energy[J].
Automation of Electric Power Systems, 2019, 43(3):
67-83, 115.

PEFETE. ANERKI S BENLAAMERRI[M]. BN BN K
L, 2009.

ALIREZA S, NEJAD F, SHAHRZAD H, et al. A novel
stochastic energy management of a microgrid with
various types of distributed energy resources in presence
of demand response programs[J]. Energy, 2018, 160:
257-274.

is HER: 2021-04-16;

& HEA: 2021-08-20

EEEN:

w A AL R

WIEAE (1978—), 5B, @f1EE, i, #ig, FARLT
AR AL S5 e M EK; Email

yangxiaohui@ncu.edu.cn

RHIF (1995—), 4, MEHARLE, FHRATEAEHZ

GMAIE AT . E-mail: 506610174@qg.com

(4m#F B 24)



