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Comparative study on the influence of heat compensation equipment on the
optimal operation of combined heat and power plant
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(1.School of Electrical Engineering, Dalian University of Technology, Dalian 116024, China;
2.China Classification Society, Tianjin Branch, Tianjin 300450, China)

Abstract: In view of the heat compensation equipment widely used in combined heat and power (CHP)plant, the
feasible operation region model and coal-saving rate model of the CHP plant equipped with a solid heat storage
electric boiler are constructed. The effects of the solid heat storage electric boiler, the electrode electric boiler and
the water storage heat accumulator on the heat-supply capacity, regulation ability and operation cost of the CHP
plant are compared and analyzed. Based on the current status of a CHP plant, a general model for combined
dispatching of the CHP plant with flexibility to configure heat compensation equipment is established. Combining
with the actual operation data of the CHP plant, the above models are verified and the differences in operation
flexibility, scene adaptability, coal-saving effect and operation cost among different heat compensation equipment
are quantitatively analyzed. The results show that under the same heating capacity, the solid heat storage electric
boiler has the strongest flexibility and the lowest coal saving rate. The heat accumulator has the best coal-saving
effect, but the scene adaptability is lower than other heat compensation schemes. The model and research results
can provide theoretical tools and reference for the optimal operation of CHP plants.
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Fig.1 Schematic diagram of solid heat storage electric boiler
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Fig.2 Electric heat transmission of solid heat storage
electric boiler
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Fig.3 Feasible operation region of the CHP unit with solid
heat storage electric boiler
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Fig.4 Feasible operation regions of the CHP unit with
different heat compensation equipment
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Fig.5 Daily electric and heat load of the CHP plant
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Fig.9 Statistics of coal consumption in days for unit configuration with different heat compensation equipment

54 it

AR T AT X [ AR R, MR T e
A B B AR S IS AT R, )R T
[P B LA Al PR e (RIS B D
XA EBLAAEIARE F1 . 1847 RAE TR DUR T ERCR
AN o JE ] TC B (AR 2 P R PR A L Al
JE T AR TR B AR Y, T ARALSe PR i)
ey BIREAR AT T B M S B
WHFLRY]: fERSEMRGET T, BIE BT
IBAT R RS, RO B, RS
RIS, S0 0.1, ARIERGETRER 12, &
IARET IR R I, (B3GR ZE o 3 A+
WA G TR, VLTS & T R R IE N
B, HIREAERIRHBREIR R 5 R 4isAT
JEA . o

RTS8 T Oy AR A HEAT RE PR SR T
USSR IR 22, @ thn] Oy RS PRI LA
WARHATIRABAT IR B AT TR . AN RRIBAT i

http://rlfd.cbpt.cnki.net

A, RFAMER R R RRAS . B IR AR T
— DA R

[Z % X #t]

[1] JIANG X S, JING Z X, WU Q H, et al. Modeling of a
central heating electric boiler integrated with a stand-alone
wind generator[C]//Proceedings of the 2013 IEEE PES
Asia-Pacific Power and Energy Engineering Conference
(APPEEC). Kowloon, China: IEEE, 2013: 1-6.

(2] ER, WKW, ElEE, 55 BB AL R
Re 150 T3], W1 R G A BN, 2014, 38(11): 34-41.
LYU Quan, CHEN Tianyou, WANG Haixia, et al.
Analysis on peak-load regulation ability of cogeneration
unit with heat accumulator[J]. Automation of Electric
Power Systems, 2014, 38(11): 34-41.

[3] HUANG X, XU Z, SUN Y, et al. Heat and power load
dispatching considering energy storage of district heating
system and electric boilers[J]. Journal of Modern Power
Systems and Clean Energy, 2018, 6(5): 992-1003.

(4] =i, SR, 280, 5 VIR iR OE 77 &
istT RaEVERIFT[I]. RS A Bk, 2020, 44(2):
164-172.

ZHANG Yan, LYU Quan, LI Yang, et al. Analysis on opera-
tion flexibility of combined heat and power plant with four
improved power-heat decoupling schemes[J]. Automation




HoM =

i 55 PEAEME R B HL A AR E AT RS IR R LI

137

[5]

(6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

of Electric Power Systems, 2020, 44(2): 164-172.

VPBR, HRM. AR RN EIER HEME 5
P[], T HE A REYE, 2015, 37(8): 42-47

XU Mengying, JIANG Dongxiang. Energy efficiency and
economic analysis of wind power heating system[J].
Renewable Energy Resources, 2015, 37(8): 42-47.

B, BRE, 15, & BTSRRI 4L
FEL A A 0 S RTS0[0, o [ L A
i, 2016, 36(15): 4072-4081

CUI Yang, CHEN Zhi, YAN Gangui, et al. Coordinated
wind power accommodating dispatch model based on
electric boiler and CHP with thermal energy storage[J].
Proceedings of the CSEE, 2016, 36(15): 4072-4081.
KOACK B, PAKSOY H. Performance of laboratory scale
packed-bed thermal energy storage using new demolition
waste based sensible heat materials for industrial solar
applications[J]. Solar Energy, 2020, 211(17): 1335-1346.
R, B, TIRB. BB ERRESINNLE
AR O[] A RES 6 424, 2021, 20(4):
290-296.

HUANG Xinchen, QIN Qin, YU Qingbo. Simulation on
structure optimization and heat storage and release
characteristics of solid electric heat storage device[J].
Journal of Materials and Metallurgy, 2021, 20(4): 290-296.
I, PRMRAH, R, S T RIAE AR E
IEREASHT[I). ATREHIAR, 2019, 37(6): 545-548.

LIANG Shuang, XU Yaozu, SHANG Xiangdong, et al.
Analysis of heat storage process based on solid heat
storage materials[J]. Energy Conservation Technology,
2019, 37(6): 545-548.

BAE, TR R, FT ANSYS 04T I & #ivii & Bkt
RN K SR AT FE[9]. V8 P AR 2 B 24k (1F AR B2
hiR), 2020, 16(2): 34-38.

ZHAO Di, WANG Qimin. Numerical simulation and
experimental study on thermal storage characteristics of
thermal storage brick based on ANSYS analysis[J].
Journal of Shenyang Institute of Engineering(Natural
Science), 2020, 16(2): 34-38.

T, B E R B AL BOL AL IE KR SR A B
FU[D]. K ;AL TR 2B, 2021: 1.

WANG Yuanzhe. Study on optimization of air supply
system of electric heating solid energy storage heating
unit[D]. Zhangjiakou: Hebei University of Architecture,
2021: 1.

TENG Y, SUN P, LENG O, et al. Optimal operation
strategy for combined heat and power system based on
solid electric thermal storage boiler and thermal inertia[J].
IEEE Access, 2019, 7: 180761-180770.

LIZARRAGA- GARCIA E, MITSOS A. Effect of heat
transfer structures on thermoeconomic performance of
solid thermal storage[J]. Energy, 2014, 68(3): 896-909.
MIAO X Y, KOLDITZ O, NAGEL T. Modelling thermal
performance degradation of high and low-temperature
solid thermal energy storage due to cracking processes
using a phase field approach[J]. Energy Conversion and
Management, 2019, 180(2): 977-989.

INSEAR, TR, VRUK, 45, 66 KV 44l B8 IR R
KCHEATLZEL VR B R e B R D). AR ER, 2018, 40(7):
38-39.

SUN Liben, ZHANG Shaocheng, XU Bing, et al.
Application of 66 kV solid electric heat storage device in
vigorous peak load regulation of thermal power units[J].
Huadian Technology, 2018, 40(7): 38-39.

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

http://rlfd.cbpt.cnki.net

XSEE, skazik. IR X R EEAT 7 2 [ 14 i 2
HERE[]]. B Bhik R, 2020(3): 94-96.

LIU Jingxia, ZHANG Xuerang. Using abandoned wind
power for mobile solid electric heat storage heating[J].
Automation Applications, 2020(3): 94-96.

Wi, AT, B, & M ERGUHEREIUH &
DRUEXTEE BT[] 75 RN 2, 2018, 20(6): 36-39.
MIAO Changhai, BAI Zhonghua, WANG Wen, et al.
Economic comparison and analysis of typical regenerative
electric heating projects[J]. Power Demand Side
Management, 2018, 20(6): 36-39.

LEI Z, WANG G, LI T, et al. Strategy analysis about the
active curtailed wind accommodation of heat storage
electric boiler heating[J]. Energy Reports, 2021, 7: 65-71.
WK, [ B I O g ALt D). Bk WS
HRHE R, 20200 1.

PAN Yue. Study on optimization of abandoned wind
power consumption in solid regenerative electric
boilers[D]. Baotou: Inner Mongolia University of Science
& Technology, 2020: 1.

CHEN X, KANG C, O'MALLEY M, et al. Increasing the
flexibility of combined heat and power for wind power
integration in China: modeling and implications[J]. IEEE
Transactions on Power Systems, 2015, 30(4): 1848-1857.
BOR, XKL, XUAR, &5, AR X LA B A T AL
R[] B RS H B, 2019, 43(4): 49-59.

LYU Quan, LIU Yongcheng, LIU Le, et al. Comparison of
coal saving performance of two wind power heating
modes[J]. Automation of Electric Power Systems, 2019,
43(4): 49-59.

EOR, BIWE, TR, 55 ARG
WRFFEI]. ) A sh ik 4, 2017, 37(6): 236.

LYU Quan, HU Bingting, WANG Haixia, et al. Heat-
supply of thermal power plant in wind-heat conflict[J].
Electric Power Automation Equipment, 2017, 37(6): 236.

B ALY R AR Y [I]. B DR S TR, 2018,
34(1): 11-17.

LI Hong, WANG Xiaodan, ZHOU Xiaojie, et al. Wind
power accommodation dispatching model based on thermo-
electric unit with heat storage device and electric boiler[J].
Electric power science and engineering, 2018, 34(1): 11-17.
TR, FEf, HiE, 55 A SR Tk i
Rt AR AR R AR E D] IS
2021, 38(1): 41-52.

YU Na, LI Hongwei, GE Yanfeng, et al. Optimal capacity
configuration of electric boiler and heat storage system
considering peak-shaving benefit under wind-load
combination scenario[J]. Modern Electric Power, 2021,
38(1): 41-52.

R, HEERE, UK, & RACHIBIARSS s N AT
e B R e i 2 5T AT 0] R RSB Bhik
2019, 43(20): 49-56.

LYU Quan, DU Siyao, LIU Le, et al. Economic analysis of
peak shaving of combine heat and power plant with electric
boilers in auxiliary service market of northeast China[J].
Automation of Electric Power System, 2019, 43(20): 49-56.
T8, ESCHE, w, & RFH BN RSN SUE R
RJ5EW9E[3]. +E 77, 2018, 51(5): 87-94

SU Peng, WANG Wenjun, YANG Guang, et al. Research
on the technology to improve the flexibility of thermal
power plants[J]. Electric Power, 2018, 51(5): 87-94.

(DUESH KR




