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Analysis of heating, power generation and peak shaving performance of solar
assisted cogeneration units
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Abstract: In view of the increasingly serious problem of power grid peak regulation caused by the instability of
new energy, combined with the relatively mature photo-coal complementary power generation technology and the
multi-heat source combined heating peak shaving system, the light-coal mixed heating power generation system
was designed to make the cogeneration unit have a certain peak regulation capacity. Based on the actual operating
conditions of the heating unit and the premise of ensuring the heating load, the coupling mode of the solar-assisted
dual-engine cogeneration unit was analyzed, and the peak regulation performance of the two-engine was
compared before and after coupling. The results show that, a dynamic throttle valve is installed on the pipeline
between the condenser outlet and the heat exchanger of the solar collector system, and the operation mode of the
auxiliary heating unit of the solar collector system can be changed, which can realize flexible operation of the
integrated system of power generation, heating and peak regulation. Among them, the solar thermal collection
system is only used for supplementary heating, the peak regulation capacity ratio is 0.76, and the ratio of solar
auxiliary double-heating supply before and after peak regulation capacity is 0.55. The No.1 unit which is assisted
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by solar energy to bear the maximum heating load has the best performance in peak regulation capacity and peak

regulation compensation.

Key words: solar energy; solar thermal power generation; combined heat and power; peak shaving
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Tab.1 Design parameters of the unit under rated working

conditions

i H H1E
HiE hZEIMPa 254.010
T2V S)/MPa 16.670
FIEIR R /1IMPa 3.290
TR EIC 538.000
TREIRIRSEIC 538.000
T ZEVRAUE TR R (h T 946.350
TR S IR/ (thT) 794.029
BEIFEIR R JIIMPa 0.485
BEFIRRR/(th ) 317.572
At IMW 244.159
R IFE R (K KW-1) 6796.120
R HBRESREFER/(g (kI kg) ) 232.200
IS BTy 3 /KW 254.010
M EhYRI(K kg 3088.770
bR B2 % 56.120
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Fig.1 The integrated system of solar assisted coal-fired
cogeneration unit

2 RGIERE

2.1 KPHAEE BN R BXFmH LB A
EFHEBET 300 MW HLARFATE, FIH

Ebsilon Professional #{4:-4% 2 K FH fE 4 Bh A LI

RGBT EM TR, KRG EREIE 2 fiR.

1
¥ e

2 RBEMERE
Fig.2 Schematic diagram of system simulation
2.2 KIHRESHENA BB R AR IR
X BH el Bh # B I 7 R 48 LUK FH e SR #vd h
HMERIDG & PR, AR g I K BH f 4R B A BB

http://rlfd.cbpt.cnki.net

2, PRIASHASHAELEIINERSE. R
iR K FH RE SR AR AR B T, ZRE T
HAE 200 MW DAL, [R]I H AR it S A B v i 2 2R
iR, FIERI LA, BB RAEZ R,
e FRE COR B BE SO B AR R O B il I HUREHE X
BRI SR LR S BB EIEE, RS
anfel 361, & 4R

200
800
700 F
600}
500}
400}
300
200
100 |

H & i 1] /h

200 400 600 800 1000
e WA 55 560 /(W -m %)

B3 RKXAHBBESHKIH
Fig.3 Distribution of light intensity and duration in a region
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Fig.4 Distribution of the DNI time in a region
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Fig.5 The total thermal efficiency and electrical power
of the unit with different main steam flows in
two operating schemes
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Fig.6 Schematic diagram of heating system of the original
dual-unit
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Fig.7 Schematic diagram of the solar assisted dual-heating
system
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Tab.2 The peak regulation capacity of the solar energy
assisted unit 1 and unit 2 with different heating parameters

1)] 2 H 3 4 7
P A TR 284.85 224.69 153.10 81.35
E 1 SHL4L
K 24517 265.2 288. 10.
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% (=) 4]
?m%i 2 A 236.47 260.19 285.47 309.02
il ey
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Fig.8 The relationship between the main steam flow and the
heat load of solar energy assisted unit 1 and unit 2
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CHUER &5 HD (L MW h)1) X [E/MW
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4 (45%, 40%) 500 (135, 120]

http://rlfd.cbpt.cnki.net

WL 2584 300.00 MW, I A M Fe (i
N BT A& 1 60%, B 180.00 MW . HR 48 1 U b
PR RERE, SURTERAEEE 1 RSO X 8] P R IR M2 A 1%
KA B FEARAEA 0.1 JCI(KW ), RIS R X 7]
W 10 s .

—— KPHEERID) 1 'SAI12H

200, ~* APHEERIEN ISP 12 SHI
= KHTREAII2 SHUALRT TR

195 F — SKEHAEEN2 54141
{90l —+ I 1AL P
— RG2S e

185}
§ 180 < 80.00 MW
B 175¢ Pl et
=
- 170F
N 165 % 165.00 MW

02 L

160 =+
155F
150

177.66 MW 213.28 MW 242.44 MW
50 1000 150 200 250 300
I /MW
[ 10 KPHEESHEN 1 5. 2 SHAWHEXE
Fig.10 The income range of solar energy assisted unit 1
and unit 2

ME 10 FTLAEH, BT 15, 2 SHLA R
TAFAE, S2hRistT F 2 SHBWIHAEANE 1T
WUERE 1+ AR, IRIEERME RS JL T AR, 3222
VA AME IR 25 Z BEARBLTE 1 SR B o,
PURLE 1S HLZH RIS YE FE X Rl e/, AN
IMINRIE 177.66 MW DL ; FHOKPFHAEHE) 2 SHL4A
FATFNE 1 SHLA, FERTIE N 213.28 MW DL R I
TEUG A A ME 3 5 110 B K BH AR 4 Bh 1 1 514,
HERERIN A 242.44 MW LR C 217 7E TR IR
W s, M LAOK BH REAE FZEIRAED 1 S LA LI
AT VRV R W AL 2 F oK, [ B AR G At 7 2 1R U
VAR 4
645 it

ARSCIR T 2 FiOKBH REAH B AL AL AT 5




%5

H L 55 K BHRES B A IR HLAL AR T s S R fE ) HT 73

F, BT 300 MW AR SRz AT R U ST
WAL, DHTHLALBAT TR IERE ST
REEME S, 5B T .

D B AR I OB K RERIA R St
PG I IS B E S AT, AR e
W, ATIFAT IR AR B e AR BHARER =4
INFAAS AT, B PRI AR iR K
FHEESE A RGN E T P SR LR AR, IS
DR Rk S e PR LR (RS PN R E R N
BE S IR GE ORI A ER — ZA o In #4538 7 kA
A PSR AL IR AR SRR PERESR, MR B
58 7 HLHIEAT RaE .

2) LIS B AT AR, AR BE AR B A
PUBERHT 5 R A S LEE Y 0.76, KFH BEfH Bl
BT J5 A7 B AR 0.55,  BHAR B XML i g
ROR LA B LR ST

3) FETHA) 2X300 MW HLAH L PrigiT &
B, MR EEOHURS SRR, SCHURFHAEHIE . 45
KRB, KFBEHE) 1 SHLAFEER &R, A
W 5 R ZE B (I A S AR T BN . 2 SHLALS
1 SHLAAMEE, 1 SPLAR R E . 28 L
&, KEA BERH B AR R o A (1 1 S LA
LB TR, IR A R A R Rl et bt

ARSI FT 45 R 9 K BH R 4R 432 76 52 B 1
FIFRAE T — 5 BB IEA,  [RIIN RT KRH fE Avih B)
AP A BSOS IR AT E RS KR . 2T A
FIBTFURER , IE AT HE— 20X 45 & il PR B R i AT A
XEATOITL, BRI INGE AR E, S R)E A
WA, NV SN

(& % 3 #]

(1] BRE, KL, RER, & BOEREREH KR

PUA R i 0 2R 4 R B B R W ALk e [9]. Ak R,
2023, 52(2): 10-22.
MAO Cuiji ,YU Xiongjiang, XU Jinliang, et al. Research
progress on key technologies of flexible peak shaving
system of thermal power unit coupled with molten salt
heat storage[J]. Thermal Power Generation, 2023, 52(2):
10-22.

(2] ®With, FEEI, KZHF, . 300 MW KHASBIK

HARGETYER A KR i, 2021, 42(9):
140-144.
YANG Mingye, TANG Meiling, GUAN Duojiao, et al.
Economic study on 300 MW solar auxiliary power
generation system[J]. Acta Energiae Solaris Sinica, 2021,
42(9): 140-144.

(3] BEEtn, AR, 25 B AR PH e Bh R L 20 L 1
HUENERE ST [J]. K FH BB 54K, 2018, 39(7): 1807-1814

http://rlfd.cbpt.cnki.net

HOU Hongjuan, ZHENG Tianshuai. Peak regulation
performance analysis of a solar aided CHP unit with
thermal storage during heating period[J]. Acta Energiae
Solaris Sinica, 2018, 39(7): 1807-1814.

(4] T&F, R, BOLSR. 52T 8RR RRH B

By gt HL A S AT A B AT [3]. AT R, 2021,
50(6): 33-39.
DING Zeyu, HOU Hongjuan, DUAN Ligiang. Study on
operation optimization of solar-aided combined heat and
power unit based on linear programming[J]. Thermal
Power Generation, 2021, 50(6): 33-39.

(5] 2k, 1ROCHH, MRS, 55 ik G B OKEH R B

BRI R B R G0 7T [3]. K P RE 2% 3%, 2021, 42(8):
223-230.
LI Bin, XU Wentao, YANG Jianmeng, et al. Research on
solar energy-assisted coal-fired power generation system
with heat storagy device[J]. Acta Energiae Solaris Sinica,
2021, 42(8): 223-230.

(6] FIB, £%, AR, 58 KBHREHIBI RN H S
GFHE T[], K PHAE 244k 2021, 42(10): 105-110.
ZHOU Lulu, WANG Jun, BING Yini, et al. Economic
analysis of solar energy aided coal-fired power
system[J]. Acta Energiae Solaris Sinica, 2021, 42(10):
105-110.

(7] W0, bk, T, S KFARE. AEHBIRS LR
R[], AR SHIR, 2022, 21(1): 76-82
GAO Wenxue, YANG Lin, WANG Yan, et al
Experimental research on the gas heating system assisted
with solar energy and heat pump[J]. Journal of Thermal
Science and Technology, 2022, 21(1): 76-82.

(81 E#IL. ARHERHH BI AP 5T $A F I ™ 2R 0 W R4 B S A
R[D]. db5i: b ik, 2021: 7-12.

XUE Kai. Synergy integration and optimization of
solar-assisted biomass cogeneration system[D]. Beijing:
North China Electric Power University, 2021: 7-12.

[9] TAGLE-SALAZAR P D, NIGAM K D P
RIVERA-SOLORIO C | et al. Parabolic trough solar
collectors: a general overview of technology, industrial
applications, energy market, modeling and standards[J].
Green Processing and Synthesis, 2020, 9(1): 595-649.

[10] HESZLRARELE T OIRERE. hEEFHIR
Bt T AASEEEEM]. dbat: PEBEF T HR
#t, 2005: 1
Meteorological Data Room of the Meteorological
Information Center of the China Meteorological
Administration. Special meteorological dataset for
thermal environment analysis of Chinese buildings[M].
Beijing: China Architecture & Building Press, 2005: 1.

[11] FKEH. &SRB 2 R R S H A f2 5 5 5 OK
R AR DT AL [D]. dbat: 4edbr JioR %, 2020: 1.
ZHANG Zhiyu. Optimization of multi-factor parameters
and coupling characteristics of oxyfuel coal-fired units
with tower solar energy[D]. Beijing: North China
Electric Power University, 2020: 1.

[12] ODEH S D, BEHNIA M, MORRISON G L.
Performance evaluation of solar thermal electric
generation  systems[J]. Energy  Conversion and
Management, 2003, 44(5): 2425-2443.

(131 RN, ARPFHBEAH B LA IERE 20 AT [D]. dbat:
JeH K%, 2017: 11-13.

ZHENG Tianshuai. Performance analysis of solar
auxiliary heating unit[D]. Beijing: North China Electric
Power University, 2017: 11-13.

[14] RES®, FABEEE, REM, 55 KPHAEH IR B R

GAVEIT[I]. K&, 2018, 32(6): 403-407




74

kA% e

2024 F

[15]

[16]

[17]

[18]

[19]

[20]

[21]

SONG Pengfei, ZHOU Lulu, XU Zhicheng, et al.
Economic analysis of a solar aided coal-fired power
system[J]. Power Equipment, 2018, 32(6): 403-407.
ODEH S D, MORRISON G L, BEHNIA M. Modelling
of parabolic trough direct steam generation solar
collectors[J]. Solar Energy, 1998, 62(6): 395-406.

MREA. JKBH B 50 MW LA — R R HL R Gi gk
J A ST [D]. ORE : e db e ) K% (fR 5E), 2009: 1.
CHEN Juan. Research on the integrating system of
combining 50 MW cogeneration unit with solar
utilization system[D]. Baoding: North China Electric
Power University (Baoding), 2009: 1.

FEMRAL. RPHREH BRI R B R GRS S ]
PERFFC[D]. bt b iK%, 2009: 33-37.

CUI Yinghong. Research on coupling mechanism and
thermal characteristics of solar-assisted coal-fired power
generation system[D]. Beijing: North China Electric
Power University, 2009: 33-37.

SRR, BT =07 AL 2R IR 0 K B R K H S A
SRR REVR P R A R WEFTID]. AR ZRALH K
2023: 31-33.

CHAO Yuechao. Research on the harmonious
development of solar power generation and other typical
new energy sources based on tripartite game theory[D].
Jilin: Northeast Electric Power University, 2023: 31-33.
FIAR, KA, #HR, & BRMIIRHEERR
BEARE T[], BIAREIE X T, 2018, 37(11):
79-83.

XIN Weidong, ZHANG Lihua, HAN Xiaogang, et al.
Technical study on electric integrated solar heating
system[J]. Building Energy & Environment, 2018,
37(11): 79-83.

Ml AP K BA BB B 2 S PR B R R A AR PE B AT
[D]. PA/RIE: MA/RIE T K2, 2016: 22-23.

QU Dehu. Research on characteristics of solar-assisted
air source heat pump energy storage system[D]. Harbin:
Harbin Institute of Technology, 2016: 22-23.

EEhE, w2, B EOF. BT RET KRS
KERGHEREITFN[I]. LA ER, 2013, 34(6):
1012-1017.

[22]

[23]

[24]

[25]

[26]

http://rlfd.cbpt.cnki.net

ZHAI Rongrong, PENG Pan, YANG Yongping.
Thermoeconomics evaluation of solar aided coal-fired
power plant[J]. Journal of Engineering Thermophysics,
2013, 34(6): 1012-1017.

k. I AORPH ARG R BB A I RERT A [D]. b
5 B R, 2021 44-50

ZHANG Qiang. Research on dynamic peak shaving
performance of tower solar thermal power generation[D].
Beijing: North China Electric Power University, 2021:
44-50.

HUGE, 5, T hh & ET RO T Eh
ORI U SR WS [J]. K BH BB %% 4R, 2019, 40(10):
2763-2772.

DONG Haiying, FANG Lei, DING Kun, et al. Peak
regulation strategy of CSP plants baesd on operation
mode of cogeneration[J]. Acta Energiae Solaris Sinica,
2019, 40(10): 2763-2772.

BOKAE. GEERHRE R T W6 R FT R IR R e £
SrHT[D]. dbnt: AEdbH )k, 2012: 26-28

LI Yonghua. Analysis of the peak-shaving effect of
grid-connected photovoltaic power generation combined
with energy storage on the power grid[D]. Beijing: North
China Electric Power University, 2012: 26-28.

VRRLI. KPR B (LA R 1 e 5 A TR A A
[D]. dbxi: fdbHLJ3K %%, 2019: 21-25.

XU Keke. Peak shaving performance and economic
analysis of solar auxiliary heating unit[D]. Beijing: North
China Electric Power University, 2019: 21-25.

E XGRS AT, R b g Bk
% W A2 5 M (2022 4E & 3T AR )[EB/OL].
(2022-04-22)[2023-12-18]. https://fjb.nea.gov.cn/Upload/
files/2022.

Fujian Energy Regulatory Office of National Energy
Administration of the People Republic of China. Trading
rules for fujian province power peak shaving auxiliary
service market (revised 2022)[EB/OL]. (2022-04-22)
[2023-12-18]. https://fjb.nea.gov.cn/Upload/files/2022.

(DUESH MR R



https://fjb.nea.gov.cn/Upload/

