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Abstract: [Introduction] To realize the demand of further expanding the thermal power ratio of coal-fired power generating units,
coupled waste heat utilization technology combined with the characteristics of the original units has become one of the effective ways.
There are great differences in the adaptive characteristics and regulation capacity of the existing waste heat utilization technology.
[Method] Several waste heat recovery and utilization methods were comprehensively reviewed and their principles, advantages and
disadvantages were compared. Then the current focus of waste heat recovery technology was further reviewed by introducing common
evaluation indicators. [Result] For waste heat recovery and utilization technology, there are mainly flue gas waste heat recovery,
recycling water waste heat recovery, air source waste heat recovery, industrial waste gas recovery, and so on. The temperature ranges are
120 ~ 150 °C, 15 ~35 °C, 0 ~ 60 °C, and below 300 °C, respectively. The evaluation methods of coupled waste heat utilization technology
mainly include performance evaluation, economic evaluation, and system parameter correlation evaluation, among which the evaluation
parameters such as heat consumption and thermal efficiency are the main ones. [Conclusion] The development direction and relevant
suggestions of waste heat recovery and utilization technology are pointed out. At present, coupled waste heat recovery and utilization
technology is mainly used in the heat pump system. Under the demand for a higher thermal power ratio in the future, the low-pressure
cylinder transformation technology using cold end waste heat heating will become a major development focus.
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Tab. 1 Comparison of waste heat recovery technologies
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Fig. 1 Waste heat recovery system diagram
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Fig. 2 Flue gas waste heat recovery system diagram
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Fig. 3 Development history of advanced waste heat recovery technology for coal-fired power generating unit

5 %ig

St A RSB AR A M AR Se 25 T T E BT
R A, (B2 AR R B R0 | REIEF IR 45 07 Ty
e it — Bk . ARSCE SeLiid T AR IR
IR AR RER K AR I, 23 SRR A
(I W S5 2 I 5 N S S 6 T a5 N 2
IV | AP TR o EAE T Al
TR BN S8, B DS R R AR 280
BAFEERE VN . ST R LA R G S O
o HrhPEREIFHr S8 3 24 BRAVOR L BRI

HEMREE | b B & i P AR S R PR
SR RFHPEM SR 2R B ReR | PUE. &
HUBEFESE; RS IR 120 PR AR
REZAE . IRJe a7 ARG AR IR AR (9 2 JE 7 1)
LA AT RER MR A i ML &
SeiE R IR B ) A AR A TR M (EL

B 3 Hk:

(1] EZEE R, FRRMARRA “Beikie ™ 17377
% [IN]. FHEHERH, 2021-03-02 (001)
State Grid News. State Grid Corporation of China released an



530

FRUINE, 45 MR A MLZE AR & A AR BRI 5 i 85

[2]

(3]

(5]

[7]

action plan on peaking carbon dioxide emissions and carbon
neutrality [N]. State Grid News, 2021-03-02 (001).

SRR, FHUCER, 2R, 45, 25 B SR a3 AXU R PR A L B
AT [J]. RIFEH T R2244R, 2020, 51(6): 867-873.
DOI: 10.16355/j.cnki.issn1007-9432tyut.2020.06.013.

PET Y Y, DU X H, LI G, et al. Optimal dispatch of combined
heat and power systems considering demand response and wind
power heating [J]. Journal of Taiyuan University of Technology,
2020, 51(6): 867-873. DOIL: 10.16355/j.cnki.issn1007-9432tyut.
2020.06.013.

FEVE, XA, S, 45, AL — R IBOR DT R £
& [J/OL). By fieliai%: 1-9. (2022-02-17) [2022-04-04].
https://www.energychina.press/cn/article/j.gedi.issn2095-8676.
2022.03.001.

YUAN C F, LIU K H, ZHANG F, et al. Review on the research
progress of primary frequency modulation technology for thermal
power units [J/OL]. Southern Energy Construction: 1-9. (2022-
02-17) [2022-04-04].
https://www.energychinapress/cn/article/j.gedi.issn2095-8676.
2022.03.001.

T8, AN, KL, 55 BRI R G A R A ABGE
W [J]. FEm AR, 2021, 43(3): 48-56. DOI: 10.3969/j.
issn.1674-1951.2021.03.008.

FANG X, PENG X F, ZHANG K, et al. Development of heating
retrofit using waste heat from coal-fired CHP system cold end [J].
Huadian Technology, 2021, 43(3): 48-56. DOIL: 10.3969/j.issn.
1674-1951.2021.03.008.

T 1, BRAOHE, 23, 4%, 300 MWAHLAL = 3 AR 7 % K
K561 [0, PR HLEL AR, 2018, 60(5): 385-388. DOI: 10.
3969/.issn.1001-5884.2018.05.019.

WANG L, CHEN Y H, LI B, et al. Reconstruction scheme and
test analysis for heating supply with high back pressure of a 300
MW unit [J]. Turbine Technology, 2018, 60(5): 385-388. DOI:
10.3969/.issn.1001-5884.2018.05.019.

TERT, 2, WL IRIEET R N ) T 00 RIS LI/OL].
ALy RAEZE M (A SRR AR): 1-7. (2022-01-13)  [2022-04-
04].
http://kns.cnki.net/kcms/detail/13.1212.tm.20220112.1724.004.
html.

WANG K, TIAN L. Thermal economy analysis of heating unit
under zero-output condition of low pressure cylinder [J/OL].
Journal of North China Electric Power University (Natural
Science Edition): 1-7. (2022-01-13) [2022-04-04].
http://kns.cnki.net/kems/detail/13.1212.tm.20220112.1724.004.
html.

WANG J D, ZHOU Z G, ZHAO J N, et al. Improving wind
power integration by a novel short-term dispatch model based on
free heat storage and exhaust heat recycling [J]. Energy,
2018(160): 940-953. DOI: 10.1016/j.energy.2018.07.018.

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

W e R P T IR AR AR B B R RIS [D]. b
0 AEdAb L IR, 2017. DOL: 10.7666/d.Y3263175.
CHEN Y F. Research on the use of energy-saving and
environmental protection technologies for flue gas waste heat in
coal-fired power plants [D]. Beijing: North China Electric
Power University, 2017. DOI: 10.7666/d.Y3263175.
X E ARERF AR I AR (], #5461, 2014,
37(7): 129-131.
LIU Y. Low-temperature circulating water waste heat recovery
heating technology [J]. Coal and Chemical Industry, 2014,
37(7): 129-131.

TR, A, ER, 5F. M- BV & RE T R
Wit (0], % H, 2021, 50(11): 54-60+67. DOL: 10.19666/j.
rlfd.202106111.

ZHANG Y, WEI S Z, REN X W, et al. Heat supply schemes for
a coupling system of condensing unit and wind power [J].
Thermal Power Generation, 2021, 50(11): 54-60+67. DOI: 10.
19666/j.r1fd.202106111.

LA, ZEH, OB, . T E Tl AR mISOR B AR L
i (3. TREHE AR, 2011, 29(2): 123-128. DOL: 10.3969/j.issn.
1002-6339.2011.02.006.

LIANHK, LI Y, SHU G Y Z, et al. An overview of domestic
technologies for waste heat utilization [J]. Energy Conservation
Technology, 2011, 29(2): 123-128. DOI: 10.3969/j.issn.1002-
6339.2011.02.006.

SRAETT, SR, L, 55 AR AR AR IR AR
WhgE ). @ 5RL 2, 2016, 32(6): 133-141. DOL: 10.13614/;.
cnki.11-1962/tu.2016.06.22.

ZHANG Q L, ZHANG Q Y, CAO M K, et al. Research on
technologies for the recovery of the flue gas waste heat in gas
boilers [J]. Building Science, 2016, 32(6): 133-141. DOI: 10.
13614/j.cnki.11-1962/tu.2016.06.22.

R, TR, XUE, RS IR K R A R
g: [1]. /A =CEEI, 2017, 2(3): 1-7. DOL: 10.16513/j.cnki.10-
1427/tk.2017.03.001.

GAO ZP, WAN K F, LIU Y, et al. Heat supply system coupling
wind curtailment with waste energy in cooling water [J].
Distributed Energy, 2017, 2(3): 1-7. DOI: 10.16513/j.cnki.10-
1427/tk.2017.03.001.

JRF 5. WL AR R G e R (D). BIR 51 g,
2019(12): 53-55+58. DOI: 10.16643/j.cnki.14-1360/td.2019.12.
023.

YUAN Y H. Discussion on several waste heat recovery systems
and the application [J]. Energy and Conservation, 2019(12): 53-
55+58. DOL: 10.16643/j.cnki.14-1360/td.2019.12.023.

TR, iR, HEAR G TARTA DA KA FA O S5
T (30, 3 BE VR 4L A, 2015(7): 16-20. DOIL: 10.3969/j.issn.
1009-3230.2015.07.005.

LI Y F, MA X F. Scheme design of heat recovery of flue gas


https://doi.org/10.16355/j.cnki.issn1007-9432tyut.2020.06.013
https://doi.org/10.16355/j.cnki.issn1007-9432tyut.2020.06.013
https://doi.org/10.16355/j.cnki.issn1007-9432tyut.2020.06.013
https://doi.org/10.16355/j.cnki.issn1007-9432tyut.2020.06.013
https://doi.org/10.16355/j.cnki.issn1007-9432tyut.2020.06.013
https://www.energychina.press/cn/article/j.gedi.issn2095-8676.2022.03.001
https://www.energychina.press/cn/article/j.gedi.issn2095-8676.2022.03.001
https://www.energychinapress/cn/article/j.gedi.issn2095-8676.2022.03.001
https://www.energychinapress/cn/article/j.gedi.issn2095-8676.2022.03.001
https://doi.org/10.3969/j.issn.1674-1951.2021.03.008
https://doi.org/10.3969/j.issn.1674-1951.2021.03.008
https://doi.org/10.3969/j.issn.1674-1951.2021.03.008
https://doi.org/10.3969/j.issn.1674-1951.2021.03.008
https://doi.org/10.3969/j.issn.1674-1951.2021.03.008
https://doi.org/10.3969/j.issn.1674-1951.2021.03.008
https://doi.org/10.3969/j.issn.1001-5884.2018.05.019
https://doi.org/10.3969/j.issn.1001-5884.2018.05.019
https://doi.org/10.3969/j.issn.1001-5884.2018.05.019
https://doi.org/10.3969/j.issn.1001-5884.2018.05.019
https://doi.org/10.3969/j.issn.1001-5884.2018.05.019
http://kns.cnki.net/kcms/detail/13.1212.tm.20220112.1724.004.html
http://kns.cnki.net/kcms/detail/13.1212.tm.20220112.1724.004.html
http://kns.cnki.net/kcms/detail/13.1212.tm.20220112.1724.004.html
http://kns.cnki.net/kcms/detail/13.1212.tm.20220112.1724.004.html
http://kns.cnki.net/kcms/detail/13.1212.tm.20220112.1724.004.html
http://kns.cnki.net/kcms/detail/13.1212.tm.20220112.1724.004.html
https://doi.org/10.1016/j.energy.2018.07.018
https://doi.org/10.1016/j.energy.2018.07.018
https://doi.org/10.19666/j.rlfd.202106111
https://doi.org/10.19666/j.rlfd.202106111
https://doi.org/10.19666/j.rlfd.202106111
https://doi.org/10.19666/j.rlfd.202106111
https://doi.org/10.19666/j.rlfd.202106111
https://doi.org/10.19666/j.rlfd.202106111
https://doi.org/10.3969/j.issn.1002-6339.2011.02.006
https://doi.org/10.3969/j.issn.1002-6339.2011.02.006
https://doi.org/10.3969/j.issn.1002-6339.2011.02.006
https://doi.org/10.3969/j.issn.1002-6339.2011.02.006
https://doi.org/10.3969/j.issn.1002-6339.2011.02.006
https://doi.org/10.3969/j.issn.1002-6339.2011.02.006
https://doi.org/10.3969/j.issn.1002-6339.2011.02.006
https://doi.org/10.13614/j.cnki.11-1962/tu.2016.06.22
https://doi.org/10.13614/j.cnki.11-1962/tu.2016.06.22
https://doi.org/10.13614/j.cnki.11-1962/tu.2016.06.22
https://doi.org/10.13614/j.cnki.11-1962/tu.2016.06.22
https://doi.org/10.13614/j.cnki.11-1962/tu.2016.06.22
https://doi.org/10.13614/j.cnki.11-1962/tu.2016.06.22
https://doi.org/10.16513/j.cnki.10-1427/tk.2017.03.001
https://doi.org/10.16513/j.cnki.10-1427/tk.2017.03.001
https://doi.org/10.16513/j.cnki.10-1427/tk.2017.03.001
https://doi.org/10.16513/j.cnki.10-1427/tk.2017.03.001
https://doi.org/10.16513/j.cnki.10-1427/tk.2017.03.001
https://doi.org/10.16513/j.cnki.10-1427/tk.2017.03.001
https://doi.org/10.16643/j.cnki.14-1360/td.2019.12.023
https://doi.org/10.16643/j.cnki.14-1360/td.2019.12.023
https://doi.org/10.16643/j.cnki.14-1360/td.2019.12.023
https://doi.org/10.16643/j.cnki.14-1360/td.2019.12.023
https://doi.org/10.16643/j.cnki.14-1360/td.2019.12.023
https://doi.org/10.3969/j.issn.1009-3230.2015.07.005
https://doi.org/10.3969/j.issn.1009-3230.2015.07.005
https://doi.org/10.3969/j.issn.1009-3230.2015.07.005
https://doi.org/10.16355/j.cnki.issn1007-9432tyut.2020.06.013
https://doi.org/10.16355/j.cnki.issn1007-9432tyut.2020.06.013
https://doi.org/10.16355/j.cnki.issn1007-9432tyut.2020.06.013
https://doi.org/10.16355/j.cnki.issn1007-9432tyut.2020.06.013
https://doi.org/10.16355/j.cnki.issn1007-9432tyut.2020.06.013
https://www.energychina.press/cn/article/j.gedi.issn2095-8676.2022.03.001
https://www.energychina.press/cn/article/j.gedi.issn2095-8676.2022.03.001
https://www.energychinapress/cn/article/j.gedi.issn2095-8676.2022.03.001
https://www.energychinapress/cn/article/j.gedi.issn2095-8676.2022.03.001
https://doi.org/10.3969/j.issn.1674-1951.2021.03.008
https://doi.org/10.3969/j.issn.1674-1951.2021.03.008
https://doi.org/10.3969/j.issn.1674-1951.2021.03.008
https://doi.org/10.3969/j.issn.1674-1951.2021.03.008
https://doi.org/10.3969/j.issn.1674-1951.2021.03.008
https://doi.org/10.3969/j.issn.1674-1951.2021.03.008
https://doi.org/10.3969/j.issn.1001-5884.2018.05.019
https://doi.org/10.3969/j.issn.1001-5884.2018.05.019
https://doi.org/10.3969/j.issn.1001-5884.2018.05.019
https://doi.org/10.3969/j.issn.1001-5884.2018.05.019
https://doi.org/10.3969/j.issn.1001-5884.2018.05.019
http://kns.cnki.net/kcms/detail/13.1212.tm.20220112.1724.004.html
http://kns.cnki.net/kcms/detail/13.1212.tm.20220112.1724.004.html
http://kns.cnki.net/kcms/detail/13.1212.tm.20220112.1724.004.html
http://kns.cnki.net/kcms/detail/13.1212.tm.20220112.1724.004.html
http://kns.cnki.net/kcms/detail/13.1212.tm.20220112.1724.004.html
http://kns.cnki.net/kcms/detail/13.1212.tm.20220112.1724.004.html
https://doi.org/10.1016/j.energy.2018.07.018
https://doi.org/10.1016/j.energy.2018.07.018
https://doi.org/10.19666/j.rlfd.202106111
https://doi.org/10.19666/j.rlfd.202106111
https://doi.org/10.19666/j.rlfd.202106111
https://doi.org/10.19666/j.rlfd.202106111
https://doi.org/10.19666/j.rlfd.202106111
https://doi.org/10.19666/j.rlfd.202106111
https://doi.org/10.3969/j.issn.1002-6339.2011.02.006
https://doi.org/10.3969/j.issn.1002-6339.2011.02.006
https://doi.org/10.3969/j.issn.1002-6339.2011.02.006
https://doi.org/10.3969/j.issn.1002-6339.2011.02.006
https://doi.org/10.3969/j.issn.1002-6339.2011.02.006
https://doi.org/10.3969/j.issn.1002-6339.2011.02.006
https://doi.org/10.3969/j.issn.1002-6339.2011.02.006
https://doi.org/10.13614/j.cnki.11-1962/tu.2016.06.22
https://doi.org/10.13614/j.cnki.11-1962/tu.2016.06.22
https://doi.org/10.13614/j.cnki.11-1962/tu.2016.06.22
https://doi.org/10.13614/j.cnki.11-1962/tu.2016.06.22
https://doi.org/10.13614/j.cnki.11-1962/tu.2016.06.22
https://doi.org/10.13614/j.cnki.11-1962/tu.2016.06.22
https://doi.org/10.16513/j.cnki.10-1427/tk.2017.03.001
https://doi.org/10.16513/j.cnki.10-1427/tk.2017.03.001
https://doi.org/10.16513/j.cnki.10-1427/tk.2017.03.001
https://doi.org/10.16513/j.cnki.10-1427/tk.2017.03.001
https://doi.org/10.16513/j.cnki.10-1427/tk.2017.03.001
https://doi.org/10.16513/j.cnki.10-1427/tk.2017.03.001
https://doi.org/10.16643/j.cnki.14-1360/td.2019.12.023
https://doi.org/10.16643/j.cnki.14-1360/td.2019.12.023
https://doi.org/10.16643/j.cnki.14-1360/td.2019.12.023
https://doi.org/10.16643/j.cnki.14-1360/td.2019.12.023
https://doi.org/10.16643/j.cnki.14-1360/td.2019.12.023
https://doi.org/10.3969/j.issn.1009-3230.2015.07.005
https://doi.org/10.3969/j.issn.1009-3230.2015.07.005
https://doi.org/10.3969/j.issn.1009-3230.2015.07.005

86

7 RETR A B

9%

[16]

(18]

[19]

[21]

[22]

waste heat and circulating water in heating system [J]. Applied
Energy Technology, 2015(7): 16-20. DOI: 10.3969/j.issn.1009-
3230.2015.07.005.

TR W SR A R G S I DFR (D). i
JRTE: MR IE Tl K 2%, 2018. DOL: 10.27061/d.cnki.ghgdu.
2018.000657.

ZHANG S Y. Study on optimization and evaluation of flue gas
purification and waste heat recovery system [D]. Harbin:
Harbin Institute of Technology, 2018. DOI: 10.27061/d.cnki.
ghgdu.2018.000657.

XU, JEZS, JERE, S5 AR IR 2R e 1 RERCR 1
wr e D] #se b TR, 2017, 32(4): 76-79. DOL
10.16146/j.cnki.rndlge.2017.04.011.

LIU Y L, QU J, ZHOU K, et al. Experimental study on the
energy-saving of flue gas waste heat utilization systems [J].
Journal of Engineering for Thermal Energy and Power. 2017,
32(4): 76-79. DOLI: 10.16146/j.cnki.rndlgc. 2017.04.011.
RKUPTRE. SRR AR MO T4 P i R 507 [D).
KitE: KGR T K2, 2019. DOL: 10.26991/d.cnki.gdl1u.2019.
003032.

LIU Z Y. System analysis of coal-fired flue gas waste heat
recovery for central heating [D]. Dalian: Dalian University of
Technology, 2019. DOI: 10.26991/d.cnki.gdl1u.2019.003032.
AR, PTEAA, 5 A8 PRMEE I R SR AR & 42 0
B (7). $ABESh 1 T AR, 2020, 35(8): 151-157. DOI: 10.16146/).
cnki.rndlge.2020.08.020.

XU C M, XIE Y B, GONG X M. Analysis on utilization of
waste heat from flue gas of coal-fired boiler [J]. Thermal Power
Engineering, 2020, 35(8): 151-157. DOI: 10.16146/j.cnki.
rndlgc.2020.08.020.

B, S, FEIAR, 45 R Ay REB A AL [,
Al AR TR 4%, 2021, 248(1): 96-98. DOIL: 10.3969/j.issn.
1674-8980.2021.01.028.

HOU Y, GAO J, REN X D, et al. Application of energy saving
equipment in flue gas waste heat recovery [J]. Petroleum and
Chemical Equipment, 2021, 248(1): 96-98. DOI: 10.3969/j.issn.
1674-8980.2021.01.028.

BT I T B AP B REUAER ()], Tl
2021, 43(1): 6-10+16. DOL: 10.3969/j.issn.1001-6988.2021.01.
002.

LI M J. Overview of waste heat utilization technology and
principles of coal-fired industrial boilers [J]. Industrial Boilers,
2021, 43(1): 6-10+16. DOL: 10.3969/j.issn.1001-6988.2021.01.
002.

FERR, 3. Mkl AR s FT LB SRR 1],
4 3h 71, 2019(12): 6-9. DOL: 10.13589/j.cnki.yjd1.2019.12.
003.

WANG T M, GUO P. Practice and exploration of optimizing

operation of waste heat utilization in steel enterprises [J].

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Metallurgical Power, 2019(12): 6-9. DOIL: 10.13589/j.cnki.yjdl.
2019.12.003.

BRI IR, 13058, F . BOREABARTEAR AR E P
FABCRA T (3] KB, 2020(5): 150-153+158. DOL: 10.
16641/j.cnki.cn11-3241/tk.2020.05.023.

ZHEN H R, FENG W L, WANG S. Analysis of application
effect of hot water storage technology in flue gas waste heat reco-
very [J]. District Heating, 2020(5): 150-153+158. DOI: 10.
16641/j.cnki.cn11-3241/tk.2020.05.023.

OUYANG T C, WANG Z P, ZHAO Z K, et al. An advanced
marine engine waste heat utilization scheme: electricity-cooling
cogeneration system integrated with heat storage device [J].
Energy Conversion and Management, 2021(235): 113955. DOI:
10.1016/j.enconman.2021.113955.

SRBEYE, IR, M, 55, 0 RIS S R REE AR S T
W I ATPERETE (0], AEHLEOR, 2021, 43(9): 62-68. DOL: 10.
3969/j.issn.1674-1951.2021.09.008.

GUO P W, PENG Y, DENG J M, et al. Feasibility study on the
coupling application of flue gas waste heat recovery and energy
storage technology [J]. Huadian Technology, 2021, 43(9): 62-
68. DOI: 10.3969/j.issn.1674-1951.2021.09.008.

XU, B2, XU, BAIERA LT R I DRSS e U PR fiE A
ARG ], h E AL T R4, 2016, 36(22): 6148-6155.
DOI: 10.13334/5.0258-8013.pcsee.160674.

LIU Y Y, SUI J, LIU H. Research on heating system of serial-
parallel coupling absorption heat pump for coal fired power
plants [J]. Proceedings of the CSEE, 2016, 36(22): 6148-6155.
DOI: 10.13334/j.0258-8013.pcsee. 160674.

XNz, ZRUGHE, W R I 2 IS RS T AR NSOy
ZHBFSE (3], 156k, 2015, 34(1): 26-29+2. DOI: 10.3969/j.issn.
1004-7948.2015.01.006.

LIUH Y, LIHY, JI A M. Research on the multi coupled heat
pump system in coal mine [J]. Energy Conservation, 2015, 34
(1):26-29+2. DOL: 10.3969/j.issn.1004-7948.2015.01.006.
T, B, JE4s, S5, Sl BLA HLETS TRER AR I R GE A
A RO 1. IR BLAE I, 2017, 35(5): 452-459. DOL: 10.
16236/j.cnki.nrjxb.201705063.

YANG C, XIE H, ZHOU K, et al. Coupling effects between a
diesel engine and a subordinate ORC exhaust heat recovery
system [J]. Transacyions of Csice, 2017, 35(5): 452-459. DOI:
10.16236/j.cnki.nrjxb.201705063.

LIANG Y C, SHU G Q, TIAN H, et al. Investigation of a
cascade waste heat recovery system based on coupling of steam
Rankine cycle and NH;-H,O absorption refrigeration cycle [J].
Energy Conversion and Management, 2018(166): 697-703. DOI:
10.1016/j.enconman.2018.04.064.

TIMOTHY J. Waste heat recovery potential of advanced
internal combustion engine technologies [J]. Journal of Energy
Resources Technology, 2015, 137(4): 042004. DOI: 10.1115/1.


https://doi.org/10.3969/j.issn.1009-3230.2015.07.005
https://doi.org/10.3969/j.issn.1009-3230.2015.07.005
https://doi.org/10.3969/j.issn.1009-3230.2015.07.005
https://doi.org/10.3969/j.issn.1009-3230.2015.07.005
10.27061/d.cnki.ghgdu.2018.000657
10.27061/d.cnki.ghgdu.2018.000657
10.27061/d.cnki.ghgdu.2018.000657
10.27061/d.cnki.ghgdu.2018.000657
10.26991/d.cnki.gdllu.2019.003032
10.26991/d.cnki.gdllu.2019.003032
10.26991/d.cnki.gdllu.2019.003032
https://doi.org/10.16146/j.cnki.rndlgc.2020.08.020
https://doi.org/10.16146/j.cnki.rndlgc.2020.08.020
https://doi.org/10.16146/j.cnki.rndlgc.2020.08.020
https://doi.org/10.16146/j.cnki.rndlgc.2020.08.020
https://doi.org/10.16146/j.cnki.rndlgc.2020.08.020
https://doi.org/10.16146/j.cnki.rndlgc.2020.08.020
https://doi.org/10.16146/j.cnki.rndlgc.2020.08.020
https://doi.org/10.3969/j.issn.1674-8980.2021.01.028
https://doi.org/10.3969/j.issn.1674-8980.2021.01.028
https://doi.org/10.3969/j.issn.1674-8980.2021.01.028
https://doi.org/10.3969/j.issn.1674-8980.2021.01.028
https://doi.org/10.3969/j.issn.1674-8980.2021.01.028
https://doi.org/10.3969/j.issn.1674-8980.2021.01.028
https://doi.org/10.3969/j.issn.1674-8980.2021.01.028
https://doi.org/10.3969/j.issn.1001-6988.2021.01.002
https://doi.org/10.3969/j.issn.1001-6988.2021.01.002
https://doi.org/10.3969/j.issn.1001-6988.2021.01.002
https://doi.org/10.3969/j.issn.1001-6988.2021.01.002
https://doi.org/10.3969/j.issn.1001-6988.2021.01.002
https://doi.org/10.3969/j.issn.1001-6988.2021.01.002
https://doi.org/10.13589/j.cnki.yjdl.2019.12.003
https://doi.org/10.13589/j.cnki.yjdl.2019.12.003
https://doi.org/10.13589/j.cnki.yjdl.2019.12.003
https://doi.org/10.13589/j.cnki.yjdl.2019.12.003
https://doi.org/10.13589/j.cnki.yjdl.2019.12.003
https://doi.org/10.13589/j.cnki.yjdl.2019.12.003
https://doi.org/10.16641/j.cnki.cn11-3241/tk.2020.05.023
https://doi.org/10.16641/j.cnki.cn11-3241/tk.2020.05.023
https://doi.org/10.16641/j.cnki.cn11-3241/tk.2020.05.023
https://doi.org/10.16641/j.cnki.cn11-3241/tk.2020.05.023
https://doi.org/10.16641/j.cnki.cn11-3241/tk.2020.05.023
https://doi.org/10.16641/j.cnki.cn11-3241/tk.2020.05.023
https://doi.org/10.1016/j.enconman.2021.113955
https://doi.org/10.1016/j.enconman.2021.113955
https://doi.org/10.3969/j.issn.1674-1951.2021.09.008
https://doi.org/10.3969/j.issn.1674-1951.2021.09.008
https://doi.org/10.3969/j.issn.1674-1951.2021.09.008
https://doi.org/10.3969/j.issn.1674-1951.2021.09.008
https://doi.org/10.3969/j.issn.1674-1951.2021.09.008
https://doi.org/10.13334/j.0258-8013.pcsee.160674
https://doi.org/10.13334/j.0258-8013.pcsee.160674
https://doi.org/10.13334/j.0258-8013.pcsee.160674
https://doi.org/10.13334/j.0258-8013.pcsee.160674
https://doi.org/10.3969/j.issn.1004-7948.2015.01.006
https://doi.org/10.3969/j.issn.1004-7948.2015.01.006
https://doi.org/10.3969/j.issn.1004-7948.2015.01.006
https://doi.org/10.3969/j.issn.1004-7948.2015.01.006
https://doi.org/10.3969/j.issn.1004-7948.2015.01.006
https://doi.org/10.16236/j.cnki.nrjxb.201705063
https://doi.org/10.16236/j.cnki.nrjxb.201705063
https://doi.org/10.16236/j.cnki.nrjxb.201705063
https://doi.org/10.16236/j.cnki.nrjxb.201705063
https://doi.org/10.16236/j.cnki.nrjxb.201705063
https://doi.org/10.1016/j.enconman.2018.04.064
https://doi.org/10.1016/j.enconman.2018.04.064
https://doi.org/10.1115/1.4030108
https://doi.org/10.1115/1.4030108
https://doi.org/10.1115/1.4030108
https://doi.org/10.3969/j.issn.1009-3230.2015.07.005
https://doi.org/10.3969/j.issn.1009-3230.2015.07.005
https://doi.org/10.3969/j.issn.1009-3230.2015.07.005
https://doi.org/10.3969/j.issn.1009-3230.2015.07.005
10.27061/d.cnki.ghgdu.2018.000657
10.27061/d.cnki.ghgdu.2018.000657
10.27061/d.cnki.ghgdu.2018.000657
10.27061/d.cnki.ghgdu.2018.000657
10.26991/d.cnki.gdllu.2019.003032
10.26991/d.cnki.gdllu.2019.003032
10.26991/d.cnki.gdllu.2019.003032
https://doi.org/10.16146/j.cnki.rndlgc.2020.08.020
https://doi.org/10.16146/j.cnki.rndlgc.2020.08.020
https://doi.org/10.16146/j.cnki.rndlgc.2020.08.020
https://doi.org/10.16146/j.cnki.rndlgc.2020.08.020
https://doi.org/10.16146/j.cnki.rndlgc.2020.08.020
https://doi.org/10.16146/j.cnki.rndlgc.2020.08.020
https://doi.org/10.16146/j.cnki.rndlgc.2020.08.020
https://doi.org/10.3969/j.issn.1674-8980.2021.01.028
https://doi.org/10.3969/j.issn.1674-8980.2021.01.028
https://doi.org/10.3969/j.issn.1674-8980.2021.01.028
https://doi.org/10.3969/j.issn.1674-8980.2021.01.028
https://doi.org/10.3969/j.issn.1674-8980.2021.01.028
https://doi.org/10.3969/j.issn.1674-8980.2021.01.028
https://doi.org/10.3969/j.issn.1674-8980.2021.01.028
https://doi.org/10.3969/j.issn.1001-6988.2021.01.002
https://doi.org/10.3969/j.issn.1001-6988.2021.01.002
https://doi.org/10.3969/j.issn.1001-6988.2021.01.002
https://doi.org/10.3969/j.issn.1001-6988.2021.01.002
https://doi.org/10.3969/j.issn.1001-6988.2021.01.002
https://doi.org/10.3969/j.issn.1001-6988.2021.01.002
https://doi.org/10.13589/j.cnki.yjdl.2019.12.003
https://doi.org/10.13589/j.cnki.yjdl.2019.12.003
https://doi.org/10.13589/j.cnki.yjdl.2019.12.003
https://doi.org/10.13589/j.cnki.yjdl.2019.12.003
https://doi.org/10.13589/j.cnki.yjdl.2019.12.003
https://doi.org/10.13589/j.cnki.yjdl.2019.12.003
https://doi.org/10.16641/j.cnki.cn11-3241/tk.2020.05.023
https://doi.org/10.16641/j.cnki.cn11-3241/tk.2020.05.023
https://doi.org/10.16641/j.cnki.cn11-3241/tk.2020.05.023
https://doi.org/10.16641/j.cnki.cn11-3241/tk.2020.05.023
https://doi.org/10.16641/j.cnki.cn11-3241/tk.2020.05.023
https://doi.org/10.16641/j.cnki.cn11-3241/tk.2020.05.023
https://doi.org/10.1016/j.enconman.2021.113955
https://doi.org/10.1016/j.enconman.2021.113955
https://doi.org/10.3969/j.issn.1674-1951.2021.09.008
https://doi.org/10.3969/j.issn.1674-1951.2021.09.008
https://doi.org/10.3969/j.issn.1674-1951.2021.09.008
https://doi.org/10.3969/j.issn.1674-1951.2021.09.008
https://doi.org/10.3969/j.issn.1674-1951.2021.09.008
https://doi.org/10.13334/j.0258-8013.pcsee.160674
https://doi.org/10.13334/j.0258-8013.pcsee.160674
https://doi.org/10.13334/j.0258-8013.pcsee.160674
https://doi.org/10.13334/j.0258-8013.pcsee.160674
https://doi.org/10.3969/j.issn.1004-7948.2015.01.006
https://doi.org/10.3969/j.issn.1004-7948.2015.01.006
https://doi.org/10.3969/j.issn.1004-7948.2015.01.006
https://doi.org/10.3969/j.issn.1004-7948.2015.01.006
https://doi.org/10.3969/j.issn.1004-7948.2015.01.006
https://doi.org/10.16236/j.cnki.nrjxb.201705063
https://doi.org/10.16236/j.cnki.nrjxb.201705063
https://doi.org/10.16236/j.cnki.nrjxb.201705063
https://doi.org/10.16236/j.cnki.nrjxb.201705063
https://doi.org/10.16236/j.cnki.nrjxb.201705063
https://doi.org/10.1016/j.enconman.2018.04.064
https://doi.org/10.1016/j.enconman.2018.04.064
https://doi.org/10.1115/1.4030108
https://doi.org/10.1115/1.4030108
https://doi.org/10.1115/1.4030108

FRUINE, 45 MR A MLZE AR & A AR BRI 5 i 87

530
4030108
(31 6%, WM, TR, 55, R FEWLALI AR I 253 T

[32]

[33]

[34]

[35]

Fetfedl (7], v SpRHE 53R, 2019, 35(2): 1-7. DOL: 10.3969/
j.issn.1674-8069.2019.02.001.

QI Z, CHEN H, XU G, et al. Thermodynamic analysis and
optimization of flue gas waste heat utilization of secondary
reheating unit [J]. Electric Power Environmental Protection,
2019, 35(2): 1-7. DOL: 10.3969/j.issn.1674-8069.2019.02.001.
MOLDGY A, PARAMESHWARAN R. Study on thermal
energy storage properties of organic phase change material for
waste heat recovery applications [J]. Materials Today:
Proceedings, 2018, 5(8): 16840-16848. DOI: 10.1016/j.matpr.
2018.05.137.

FAEAE, XN, BB, 3T B T WA B AR A mI A ik
AGM5E 1. ML BT 5 il T2, 2021, 50(4): 97-100.
DOI: 10.3969/j.issn.2095-509X.2021.04.021.

WANG J Y, LIU H T, LIANG X C. Research on waste heat
recovery and storage system of flue gas based on ionic liquid [J].
Machine Design and Manufacturing Engineering, 2021, 50(4):
97-100. DOI: 10.3969/j.issn.2095-509X.2021.04.021.

RETH, BRPEA, BT, 4. COMEMA MR R4
Wh3T [0]. $J3 % i, 2021, 50(5): 133-138. DOIL: 10.19666/;.
rlfd.202008242.

WU Y L, CHEN Z L, ZHAO Z X, et al. Research on CO, heat
pump coupled gas boiler heating system [J]. Thermal power
generation, 2021, 50(5): 133-138. DOI: 10.19666/j.rlfd.
202008242.

XI7K. 600 MWkl S AL il v A BB 78 Tl AR i A 7
For#r D] g A EE kK %2, 2021, DOL: 10.27623/d.
cnki.gzkyu.2021.001425.

LIU Y. Analysis of the application of 600MW supercritical unit
in industrial heat supply [D]. Xuzhou: China University of

Mining and Technology, 2021. DOI: 10.27623/d.cnki.gzkyu.
2021.001425.

EEEA:

AMEERE CGE—1E#)
1999-, J, Wy M, BEIR 530 1 TR %
MPAEIAETE (e-mail) proveash@ncepu.edu.cn.

AR
NEE
2002-, 2, ALK, SRR S REWEN H T L b ARE
3% (e-mail) Irj_2002@163.com,
IE
2001-, 2, ALK, SIS S REWN H T AL L ARHE
3 (e-mail) 2783085638@qq.com,
RS
2001-, 2, AL, B EE 5 RE VRN TR L b AR 7
3 (e-mail) 3511154364@qq.com,
[iE
2002-, %, WiiTHUM A, EESIREE 5 REWENY H T A& b ARH7E
B (e-mail) 2508448322@qq.com.
8 GaF1ER)
1989-, 9, LRSI, T221 4, )5,
R TR, £ BN G LG IR T RS
Yy ) LB B R G AL BT AESY (e-mail)

I wangxiang_1113@126.com.,

T4

(i rFHRE)


https://doi.org/10.1115/1.4030108
https://doi.org/10.3969/j.issn.1674-8069.2019.02.001
https://doi.org/10.3969/j.issn.1674-8069.2019.02.001
https://doi.org/10.3969/j.issn.1674-8069.2019.02.001
https://doi.org/10.3969/j.issn.1674-8069.2019.02.001
https://doi.org/10.3969/j.issn.1674-8069.2019.02.001
https://doi.org/10.1016/j.matpr.2018.05.137
https://doi.org/10.1016/j.matpr.2018.05.137
https://doi.org/10.1016/j.matpr.2018.05.137
https://doi.org/10.1016/j.matpr.2018.05.137
https://doi.org/10.3969/j.issn.2095-509X.2021.04.021
https://doi.org/10.3969/j.issn.2095-509X.2021.04.021
https://doi.org/10.3969/j.issn.2095-509X.2021.04.021
https://doi.org/10.3969/j.issn.2095-509X.2021.04.021
https://doi.org/10.19666/j.rlfd.202008242
https://doi.org/10.19666/j.rlfd.202008242
https://doi.org/10.19666/j.rlfd.202008242
https://doi.org/10.19666/j.rlfd.202008242
https://doi.org/10.19666/j.rlfd.202008242
https://doi.org/10.19666/j.rlfd.202008242
https://doi.org/10.19666/j.rlfd.202008242
10.27623/d.cnki.gzkyu.2021.001425
10.27623/d.cnki.gzkyu.2021.001425
10.27623/d.cnki.gzkyu.2021.001425
10.27623/d.cnki.gzkyu.2021.001425
https://doi.org/10.1115/1.4030108
https://doi.org/10.3969/j.issn.1674-8069.2019.02.001
https://doi.org/10.3969/j.issn.1674-8069.2019.02.001
https://doi.org/10.3969/j.issn.1674-8069.2019.02.001
https://doi.org/10.3969/j.issn.1674-8069.2019.02.001
https://doi.org/10.3969/j.issn.1674-8069.2019.02.001
https://doi.org/10.1016/j.matpr.2018.05.137
https://doi.org/10.1016/j.matpr.2018.05.137
https://doi.org/10.1016/j.matpr.2018.05.137
https://doi.org/10.1016/j.matpr.2018.05.137
https://doi.org/10.3969/j.issn.2095-509X.2021.04.021
https://doi.org/10.3969/j.issn.2095-509X.2021.04.021
https://doi.org/10.3969/j.issn.2095-509X.2021.04.021
https://doi.org/10.3969/j.issn.2095-509X.2021.04.021
https://doi.org/10.19666/j.rlfd.202008242
https://doi.org/10.19666/j.rlfd.202008242
https://doi.org/10.19666/j.rlfd.202008242
https://doi.org/10.19666/j.rlfd.202008242
https://doi.org/10.19666/j.rlfd.202008242
https://doi.org/10.19666/j.rlfd.202008242
https://doi.org/10.19666/j.rlfd.202008242
10.27623/d.cnki.gzkyu.2021.001425
10.27623/d.cnki.gzkyu.2021.001425
10.27623/d.cnki.gzkyu.2021.001425
10.27623/d.cnki.gzkyu.2021.001425
https://doi.org/10.1115/1.4030108
https://doi.org/10.3969/j.issn.1674-8069.2019.02.001
https://doi.org/10.3969/j.issn.1674-8069.2019.02.001
https://doi.org/10.3969/j.issn.1674-8069.2019.02.001
https://doi.org/10.3969/j.issn.1674-8069.2019.02.001
https://doi.org/10.3969/j.issn.1674-8069.2019.02.001
https://doi.org/10.1016/j.matpr.2018.05.137
https://doi.org/10.1016/j.matpr.2018.05.137
https://doi.org/10.1016/j.matpr.2018.05.137
https://doi.org/10.1016/j.matpr.2018.05.137
https://doi.org/10.3969/j.issn.2095-509X.2021.04.021
https://doi.org/10.3969/j.issn.2095-509X.2021.04.021
https://doi.org/10.3969/j.issn.2095-509X.2021.04.021
https://doi.org/10.3969/j.issn.2095-509X.2021.04.021
https://doi.org/10.19666/j.rlfd.202008242
https://doi.org/10.19666/j.rlfd.202008242
https://doi.org/10.19666/j.rlfd.202008242
https://doi.org/10.19666/j.rlfd.202008242
https://doi.org/10.19666/j.rlfd.202008242
https://doi.org/10.19666/j.rlfd.202008242
https://doi.org/10.19666/j.rlfd.202008242
10.27623/d.cnki.gzkyu.2021.001425
10.27623/d.cnki.gzkyu.2021.001425
https://doi.org/10.1115/1.4030108
https://doi.org/10.3969/j.issn.1674-8069.2019.02.001
https://doi.org/10.3969/j.issn.1674-8069.2019.02.001
https://doi.org/10.3969/j.issn.1674-8069.2019.02.001
https://doi.org/10.3969/j.issn.1674-8069.2019.02.001
https://doi.org/10.3969/j.issn.1674-8069.2019.02.001
https://doi.org/10.1016/j.matpr.2018.05.137
https://doi.org/10.1016/j.matpr.2018.05.137
https://doi.org/10.1016/j.matpr.2018.05.137
https://doi.org/10.1016/j.matpr.2018.05.137
https://doi.org/10.3969/j.issn.2095-509X.2021.04.021
https://doi.org/10.3969/j.issn.2095-509X.2021.04.021
https://doi.org/10.3969/j.issn.2095-509X.2021.04.021
https://doi.org/10.3969/j.issn.2095-509X.2021.04.021
https://doi.org/10.19666/j.rlfd.202008242
https://doi.org/10.19666/j.rlfd.202008242
https://doi.org/10.19666/j.rlfd.202008242
https://doi.org/10.19666/j.rlfd.202008242
https://doi.org/10.19666/j.rlfd.202008242
https://doi.org/10.19666/j.rlfd.202008242
https://doi.org/10.19666/j.rlfd.202008242
10.27623/d.cnki.gzkyu.2021.001425
10.27623/d.cnki.gzkyu.2021.001425
10.27623/d.cnki.gzkyu.2021.001425
10.27623/d.cnki.gzkyu.2021.001425
10.27623/d.cnki.gzkyu.2021.001425
10.27623/d.cnki.gzkyu.2021.001425

	0 引言
	1 余热利用技术分类
	2 余热回收技术的评价参数
	3 耦合储热型余热回收利用系统
	4 发展方向与相关建议
	5 结论
	参考文献

