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Multi-objective planning for combined heat and power microgrid considering
demand side cooperative response

LIU Hui, LIU Qiang, ZHANG Li, ZHOU Zhongfeng
(Hebei Ji-Yan Energy Science and Technology Research Institute Company, Shijiazhuang 050051, China)

Abstract: Combined Heat and Power (CHP) microgrid integrates a variety of distributed energy sources and has high
energy utilization rate, which brings it bright application prospects. Scientific and rational system planning is the
foundation of economical and efficient operation of CHP microgrid. On this basis, a multi-objective planning method for
CHP microgrid is proposed which considers demand side thermal and electric cooperative response. The objective
function takes into account both economic and carbon emission. The demand side thermal and electric cooperative
response model is based on the thermodynamic characteristics of buildings and hot water tank, and integrates the shiftable
electrical load. A multi-objective Mixed Integer Linear Programming (MILP) model for CHP microgrid planning based on
demand side cooperative response is proposed. The simulation is carried out on a residential CHP microgrid planning to
validate the effectiveness of the model. The results show that the application of the demand side thermal and electrical
cooperative response lowers the capacities of the gas boiler and the thermal storage tank required in the CHP microgrid,
and reduces the overall cost obviously.
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Fig. 1 Typical structure of CHP microgrid
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i Fl 5 iy 204, HUTRIZR AU 6.7%. S EEHL
CE ARPRIBCRE B )« IR I R iy TV P 13 8 AR
43 16 8007G/KW . 2007C/kKWHI2007C/kW . HARER
o o FodHER0.5. Sk T LR N I B B A7 g 1 [
Wi N R, s = AN T B, IR
AT AN T, 375 5 2 (SN F AF A i S B, 37 5%
RSPV S 2 I = i ) N L IV 57 N8

500
400
5 300 ‘ IH [
= 200 l‘
100
00" 1000 2000 3000 4000 5000 6000 7000 8000
) 1i5)/h
& 3 SIRThER L
Fig. 3 Curves of annual photovoltaic power
1 REMATSH
Table 1 Parameters of devices and load
B/ s 24 i
o 23
GT
Mgt 0.3
GB Neb 0.8
HR e 0.73
HE The 0.9
CHP W 0
REBH Jpmin 0
Vistchr 0.2
TST Vistdis 0.4
Mtst,chr 0.95
Thist.dis 0.95
Otst 0.02
Cair 0.525
HLiz " 18
fiair 24 ™ 24
oK e »
T 45
& 2 MR R (GT/KWh)
Table 2 Electricity price of the grid
4B Inf Bt Wk /(FT/kWh)
[ 32 8:00—11:00, 17:00—22:00 0.627
F B 06:00—08:00, 11:00—17:00 0.527
BB 22:00—06:00 0.427




S48 - SRR LT

3.1 CHP B MELEL R

=R R IVSEHLGT) BSAER Y (GB) Rk
PEETSTMIRM AR WL 3 . GREW, 7
52 BT GT /), Higst 2 53750 1 Mtk
FARIEANIE, 3750 3 e GT AR, 5t 1
Fig5e 2 W0 GB F1 TST B EAHA, K FH5 3
580, HAZER W . 0L 2% R A A i)
NI, Rl A R R R S GT
7Y, (EX) GB Ml TST (%= oW Wi i =K
A P Fm N N, AT A, TR
AIE—EYa P R EE, FR R AT R R s
WET S, A 548 CHP B4 T 35 L & 1 GB
A TST 258 KK o

w3 RERE

Table 3 Capacities of devices

& GT/MW GB/MW TST/MWh
759 4.85 7.84 4.26
75 ) 4.83 7.84 426
Yy 3 4.98 5.07 2.98

SRR I H bR R B S & TS AS ISR 4 Fr
e Hlgst VAL, 35 2 BRAME ARSI 1) & T,
ARBPAR,  Hin MBI w5t 2 iSRG
HFREEIZ5 1 NFF 0.22%, AT LG far 6 B B A )
I AL A B B A RS BRI T R G B s AT
A, 5 3 T TRC B IR R LA g K, %
JE SR RN LI AL B AR, BB A
KTt 1. Mgt 3w, CHP B4R 1) LA
BN, HLoii B B B RAG MRS BOR, [H)I EE CO,
H W B Ti5e 1.

R4 MAIHR T BIRTURA
Table 4 Costs in two cases

Jic
JEA Cine Con C Claiaw
sl 326.40 3.78 255737 213.21
75 ) 325.15 3.77 2556.54 211.78
WmE3 327.10 3.96 2584.20 190.55
JEA Claias Coonp Cas Com
7L 638.28 0 202.68 133270
W%t 2 641.34 237 202.38 1329.71
W53 708.35 3.04 192.24 1296.36

gityHir b, 353 e 1 K 2.7%, W
St 2 PRI 2.5%, AL SRONAA HUIBE £ i MR AAH
bE T L0 1 H A7 i Y R R RIS, 4y
CHP BB Tl ML 25 a9 IR Ak o 1
4 FMMES I T =M s N A TUSA R, I

=R SN R A T RCK O, e 9
PRI 2 35880 o

%107

30

Eni BSRsw

[ R

H I REAY T oG

W W W, W fEL M COSMERLE
[ [l /h

4 =ZHIHR TSR AR b

Fig. 4 Comparison of costs in three cases

3.2 CHP B MIEITLH R

d T35 1 A5 2 v CHP A3 R f i i 4 SR
Wb, —Irigst 2 fegsa Hbs B 5t 1
B 0.22%, 5 J7 AN 50 N RGISAT I A5
REFBAYE, KRS0 1 Al s 3 1
CHP B 384T 45 BT 43 T XL

1) BRAEH R T b Lo

Wit 1.3 R R NI S AR (R A AEIE 4 IR
wAy I 5. B 6 fiun. BT CHP BUINAE 10
HRIBNKAE 2 H AR R LB A AEHUK, B
TR, AR A BOP Mgy 5 N IR LR H 2
B, HATRIEARLE SMW LLLE, RS
B TAE . e AR ) B, BT CHP R 2 #K
Bifif, RGBT, BRI H IR A
AR, BRCECHLRT R it (R SR, HIREE
HURTH D3 i R .

LB PR 50 R IR A TR, 1)
51 PR HERE TR IR B, SRR H ) L)
WIS, B i ) SR ok 2L

=z 45 Bl el || | W
lh L 4l | f b

e

Pl Th MW Bl )M

e

0 i
0 1000 2000 3000 4000 5000 6000 7000 8000
I 6]/

5 AR PRSI RALFGR IR I B 1

Fig. 5 Power of gas turbine and gas boiler in case 1




X,

2 R i SR [ Wi 7 P R B R (9 22 H b i)

- 49 -

KU

LA MW L)% MW

s

b
EhEE MW

.0 ;
0 1000 2000 3000 4000 5000 6000 7000 8000

I TiE)/h
& 6 fFR3PMSBHINRSBIFRIL

Fig. 6 Power of gas turbine and gas boiler in case 3

BRI Mt 3 RS IR 0 A R
FATRARI, A 2L NS, AT W far
BRI R RN AE — R s T e AT R

2) CHP ZY i o g/ i i FAGHE T8

Yt 1. 3 v CHP UGl R /45 H D 5 R i FAE
B/ e 7. B8 Fin. 4 RE,
AT, PIRZ SR CHP B4 1 AN [a] v k4 g
L, A R L R AT R, T
HORR R D LAE AL A SRR TR IN A T 2 1R L RE
D% 0 SN o ST 1877 = TS P o AT S 77
3R RT3 - PR e L™
AL GEE R RYE R Bl 22, 5t 1 Tl
MR AR, IR e b, P
FER R . AR S, T AR UK G
FRBEEIEOR, PR, CHP AT R (1)

HLREAC T BB A

2.0
15
1.0
0.5

AN

T MW

e
LR MW
5

LR /MW
)
e

B/ TR

L [ —

0 1000 2 000 3000 4000 5000 6000 7 000 8000

7 HE IR/ BRI R R ERETR
Fig. 7 Buying/selling power and thermal tank

working condition in case 1

20
§ 15
“H# os
)
0.0
20
E 15
Bt
1.0
g
= 05
00 bk
=
e

0 1000 2000 3000 4000 5000 6000 7000 8000
8 BR3P/ ERNERRMERETR

Fig. 8 Buying/selling power and thermal tank
working condition in case 3

BEAN, PR ST il AGEE ) T 00 DR R e 2/
AL Z B Ay (A ] 1T S B A TR e o 0L
2, EARGERIBEADI R EROR, Aths 5 T4t
P o M EOEES:, A FAGER BT A /N .

3) BRAFCHLRR S g %

N TP IR S N A I A A, )
AR FE R S I8 T gy B T AR S0t
KR R X A) [0, 1]HX 10 ANX 8], BEANX A
0.1 BAECHURIIA S S Amr ZE AR AT R B 2 il
Koo, B 10 Fios. B 9 F#W, fEffrx 0.5 LLLE,
Yyt 3 MRS K T3 50 1(B T 2624 0.75 ),
TERATER 0.1~0.5 WX, PR seas 2 0A
Ko ALESFATER 0.05 XY, st 1 4R
KT 3. HIERNWRg S NREEHL AT
ZEAKR, I35 3 RS Ee LI T O0EAR
T 1o BEEFE S 3 h#G e bhE
PN, SEBILT AR AR A A B I 1R R Y
ISBVBARIA G, 7800 RAE T IS LA P2 A2
Pt

K10 g S LA IR, S R AE 0.65 LA
LW,%%3mﬁa%Eﬁ$%%l,mﬁ%%
IETRAER /N o T 24 80407 2R AE 0.65 LLUR I, 375t 1 &5
KR RKTHE3. 46K 5. B 6, ekt
B 2R SR AS A, R BR SR SR 0 1)
SR, s 1. s 3 43 6 937, 7102, W
DR ALK 28 55 R0 A SRR I 38 8 7 I%T
PEACET BRI B TAEHL 3, AT RE S
W AR RS 7, %%1#%%?
(IR A B K (7.84 MW), 375°5% 3 (IR
HEE/NG.07MW), I 5, 5 1 T
ST AT I S 5 /A L S D B[



-50 -

@A &R B R

DR M 4 5 i Ay o A A B S B o R 1 L RV A
), AGAT AR B A ORI By Al i AL 755K 5
1375 3 8 BT PRI, 8 by
By, AT PR ERR AL BB R PR B L
(] A A, 8k S AT DA A0 2 R B 7 0 a2 R
BRAAHIEOL AT ROUFC T RER N, 2
T RS2

ool B

1000 b
= é
: |7
- =
500 -4
5
7 2
28 R PAS| am a Uad R 78
0.05 0. 35 045 055 0.65 075 085 095

B[] s

B 9 MSEH ARSI

Fig. 9 Frequency statistic of the load rate of gas turbine

yyrz it

045 055 065 075 085 095
LI V)

& 10 PREIBIR S RSUR G it
Fig. 10 Frequency statistic of the load rate of gas boiler

4 #Hig

A SO T AT AR FEL B A N ) CHP
R 2 H BRI, BRI H AR5 8 T REEVIIH
P RA S YR A A0 L e BRI
BRI o 2 18 T LR S AT R HK S AT I R . 5
T P R N SR i T VA VAR P S
BEAIS T 2R 58 it IC B AR AR U P P it FAHE P 25
BT ARG P4 T CHP M I 4
TP PR
SR
[0 VR, T3, BEIEER, 25 %0 o TR I

SR A A BURIL. 1 RS R S B, 2017,

45(11): 59-64.

XU Dan, DING Qiang, HUANG Guodong, et al.

Cogeneration unit dynamic scheduling model considering

=
[
th
=
[
<n

peak-load regulation ability[J]. Power System Protection
and Control, 2017, 45(11): 59-64.

(2]

[3]

[4]

(5]

(6

[7]

(8]

[9°

KRR, BAHK, kTE, A SIS 5L S
AT R ENARAC T BER R[], W) R R 5 4,
2016, 44(24): 110-116.

SONG Zhuoran, ZHAO Lin, ZHANG Zixin, et al. Rolling
optimal model for multiple heating source and wind
turbine unit[J]. Power System Protection and Control, 2016,
44(24): 110-116.

RS, B A A REEBOH LA W 7Tt
JE[T]. $ s, 2017, 46(1): 11-16.

REN Hongbo, WU Qiong. Design optimization for
distributed combined heat and power cogeneration
systems: research progress[J]. Thermal Power Generation,
2017, 46(1): 11-16.

BIRRE, WREE. Fi-FAZEE BRIE R GEHARRE RS S ARG MK
75 HT). kA, 2018, 47(5): 14-21.

HU Kang, CHEN Qun. Overall energy efficiency and
flexibility
integrated energy system[J]. Thermal Power Generation,
2018, 47(5): 14-21.

Wiiti, #75, K25, A JETRAESE PRI B
WG], RGO 51, 2013, 41(8):
7-15.

CHEN lJie, YANG Xiu, ZHU Lan, et al. Genetic

algorithm based economic operation optimization of a

retrofit scheme analysis of heat-power

combined heat and power microgrid[J]. Power System
Protection and Control, 2013, 41(8): 7-15.

W7, Wik, kK22, A5 ST 2T EER B 6k ae Uik
BUED]. RGO 5, 2013, 41(1): 53-60.
YANG Xiu, CHEN Jie, ZHU Lan, et al. Optimization
allocation of energy storage for microgrid based on
economic dispatch[J]. Power System Protection and
Control, 2013, 41(1): 53-60.

FIZEAE, B0y, 2EdE, 55 KERRR RS P2 Sl b
)RR A 5 59 0). 8 R R ], 2017,
45(5): 65-72.

BAI Xuexiang, ZENG Ming, LI Yuanfei, et al. The model
and algorithm of thermoelectric collaborative planning of
regional energy supply network[J]. Power System Protection
and Control, 2017, 45(5): 65-72.

e, Wi, EER, AE. 2 XRLEE BRI R ST
RARGGATIAD]. P EAEPLTRESAR, 2017, 37(5):
1305-1316.

GU Wei, LU Shuai, WANG Jun, et al. Modeling of the
heating network for multi-district integrated energy
system and its operation optimization[J]. Proceedings of
the CSEE, 2017, 37(5): 1305-1316.

FE, B, KA, SF. RREARIX SR REUEOL AL BE
W], W RGOS S, 2017, 45(1): 89-97.



5 R it SR B[R] i [0 1 24 PR (13l X 22 ) Al

- 51 -

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

WANG Jun, GU Wei, ZHANG Chenglong, et al. Research
on integrated energy management for smart community[J].
Power System Protection and Control, 2017, 45(1):
89-97.

LIL, MU H, GAO W, et al. Optimization and analysis of
CCHP system based on energy loads coupling of
residential and office buildings[J]. Applied Energy, 2014,
136: 206-216.

SEIJO S, DEL CAMPO I, ECHANOBE J, et al.
Modeling and multi-objective optimization of a complex
CHP process[J]. Applied Energy, 2016, 161: 309-319.
URIS M, LINARES J I, ARENAS E. Size optimization
of a biomass-fired cogeneration plant CHP/CCHP
(combined heat and power/combined heat, cooling and
power) based on Organic Rankine Cycle for a district
network in Spain[J]. Energy, 2015, 88: 935-945.

GUO L, LIU W, CAI J, et al. A two-stage optimal
planning and design method for combined cooling, heat
and power microgrid system[J]. Energy Conversion and
Management, 2013, 74(10): 433-445.

ZHOU Z, ZHANG J, LIU P, et al. A two-stage stochastic
programming model for the optimal design of distributed
energy systems[J]. Applied Energy, 2013, 103: 135-144.
WANG H, YIN W, ABDOLLAHI E, et al. Modelling
and optimization of CHP based district heating system
with renewable energy production and energy storage[J].
Applied Energy, 2015, 159: 401-421.

BORHY, P, B0, A NIRRT ARV P It
ARG 2 A st g o). RS AL,
2015, 39(12): 7-12.

WEI Dajun, SUN Bo, ZHAO Feng, et al. Multi-objective
optimization design and operation analysis of a small
biomass biogas combined cooling heating and power
system[J]. Automation of Electric Power Systems, 2015,
39(12): 7-12.

Vel AE, WA, Ay, & B RBAURSA SR
SRR 0 A Ve R =I5 R 2 H AR AL & DF
A5, E AL T RE 23], 2016, 36(12): 3206-3214.
JIANG Runhua, ZENG Rong, LI Honggiang, et al.
Multi-objective optimization and evaluation of distributed
CCHP system considering influence of climate condition
and building type[J]. Proceedings of the CSEE, 2016,
36(12): 3206-3214.

ZHANG D, EVANGELISTI S, LETTIERI P, et al.
Optimal design of CHP-based microgrids: multiobjective
optimization and life cycle assessment[J]. Energy, 2015,
85: 181-193.

PIRKANDI J, JOKAR M A, SAMETI M, et al

[20]

[21]

[22]

[23]

[24]

[25]

Simulation and multi-objective optimization of a
combined heat and power (CHP) system integrated with
low-energy buildings[J]. Journal of Building Engineering,
2016, 5: 13-23.

TASDIGHI M, GHASEMI H, RAHIMI-KIAN A.
Residential microgrid scheduling based on smart meters
data and temperature dependent thermal load modeling[J].
IEEE Transactions on Smart Grid, 2014, 5(1): 349-357.
R, IR, W A BLZH L R A AR R
AL T I, B R RY 5106, 2013,
41(23): 120-125.

ZHANG Chong, HU Linxian, HU Jia. Research on the
impact of the proportion of thermal power generating
units and heat load on the wind power accommodation
rate[J].
41(23): 120-125.

MIN J K, SONG H Y, PARK J B, et al. Optimization of
CHP and thermal storage under heat demand[C] // 2016
12th IEEE International Conference on Control and
Automation (ICCA), June 1-3, 2016, Kathmandu, Nepal:
277-281.

BRAHMAN F, HONARMAND M, JADID S. Optimal

electrical and thermal energy management of a residential

Power System Protection and Control, 2013,

energy hub, integrating demand response and energy
storage system[J]. Energy and Buildings, 2015, 90:
65-75.

AHMADI P, ALMASI A, SHAHRIYARI M, et al
Multi-objective optimization of a combined heat and
power (CHP) system for heating purpose in a paper mill
using evolutionary algorithm[J]. International Journal of
Energy Research, 2012, 36(1): 46-63.

GLAVAN I, PRELEC Z, PAVKOVIC B. Modelling,
simulation and optimization of small-scale CCHP energy
systems|[J]. International Journal of Simulation Modelling,
2015, 14(4): 683-696.

Wi BHA: 2018-01-24;

{&[E HEF: 2018-05-23

EEEN:

X AE1981—), F, F4+, TRIF, TEHRTEH

BUESLEFE R, BAIREGLLEANEAR . 5F X @R
B & % ; E-mail: liuh_1981@126.com

oL,

x| 5% (1988—), B, ¥4, MW IEF, T BHRF
b A% M. HRESBEE R, §EEREEASF,
K o= (1979—), B, TEIF, T BRI EH 5HEE

SRGRETE. B A GG BRY K BN F,

(% B Hedr)



	DOI: 10.7667/PSPC180112 
	考虑需求侧协同响应的热电联供微网多目标规划 
	Multi-objective planning for combined heat and power microgrid considering  
	demand side cooperative response 
	2.1.1 经济性指标 
	    1) 年投资成本 
	2) 运行和维护费用 
	    3) 天然气费用 
	4) 电网能量交换费用 
	CHP型微网与电网交换费用包含从电网购电成本和向电网售电所获收益两个部分，因此能量交换成本为 
	    5) 用户补偿费用 

	2.1.2 环境指标 
	2.1.3 综合目标 
	2.2.1 CHP型微网约束 
	    1) 与电网的能量交换约束 
	    2) 功率平衡约束 
	    3) 设备功率约束 
	    4) 蓄电池运行约束 
	    5) 储热罐运行约束 

	2.2.2 需求侧协同响应约束 
	    1) 热负荷响应 
	    2) 电负荷响应 
	    1) 燃气轮机和燃气锅炉工况 
	较强的关联。而场景3中燃气锅炉的出力仅在供暖负荷较低时，才呈现出下降趋势，可见热、电负荷协同响应的应用在一定程度上提高了设备的利用率。 
	2) CHP型微网购/电和储热罐工况 
	    3) 燃气轮机和燃气锅炉负荷率 


	[25]  GLAVAN I, PRELEC Z, PAVKOVIC B. Modelling, simulation and optimization of small-scale CCHP energy systems[J]. International Journal of Simulation Modelling, 2015, 14(4): 683-696. 



