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Complementary Improvement of Primary Frequency Modulation Capability of
Multi-type Small-scale Thermal Power Units in Virtual Power Plant

ZENG Siming, MA Rui, WU Hongbo, LUO Peng
(State Grid Hebei Electric Power Co. , Ltd. Electric Power Research Institute, Shijiazhuang, China, Post Code; 050021 )

Abstract; Aiming at the problems of small generation load and insufficient primary frequency modulation
capacity of small thermal power units, which cannot be included in the framework of virtual power plant,
this paper improved the primary frequency modulation capacity and new energy absorption capacity of
small thermal power units by transforming small thermal power units and coupling several small thermal
power units. The parameters related to the thermoelectricity of the unit were selected. EBSILON Profes-
sional software was used to simulate the unit, and the evaluation and comparative analysis of the peak
regulation load space of multiple units were conducted. Python language was used to calculate multiple
small-scale units’ deep coupling peaking potential for drawing up virtual plant load dispatching instruc-
tions. The calculation results show that all three units’ coupled capacity can meet the national feed-in tar-
iff after the extracted steam modification. Meanwhile, under different working conditions, the multi-unit

coupling can accommodate up to 7.36 MW of other energy sources, and up to 163.66 MW of heat supply
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for the heat network. The average coal consumption rate of the three units can reach 890.40 kg/ (kW -h).

Key words: virtual power plant, primary frequency modulation, multi-unit coupling
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Tab. 1 Design values of main parameters of each

small-scale thermal power unit

E I 1 SHLEH 2 SHLAH 354 R

FEWRE/C 535 535 535 (c) 3B KAREERHA

HATIE sEo sme o B 1 MIEAR RO RERI

FIK A kges ™! 39.31 28.22 28.39 M R EE

HE 5 e/ MPa 0.300 0.018 0.022 Fig. 1 Schematic diagrams of thermal system and extraction
WK/ C 216.34 272.20 223.90 modification site of small-scale thermal power unit
BUETIR/KW 25071.6  25004.02 25 000.00

PFE/KT - (kW +h) ~! 14383.32  10450.3  10238.1 2 NN AEEESIEIE
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(b) 2525 RBEFIKHLA Fig.2 Ebsilon models of small-scale thermal power unit
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Tab.2 Comparison of design values and simulation results of main parameters of each small-scale thermal power units

- 1 544 2 5L 3 SHL4l

WIHE R MRRZE% wIHE A AXTR2E/%  WIHE A AR %
FZERIRIEZ/C 535 535 0 535 0 535 535 0
FAARIETI/ MPa 8.83 8.83 0 8.83 0 9.50 9.50 0
FAER R/ 1-h ! 141.50  141.50 0 101. 60 101. 60 0 102.22 102.22 0
HE T ./ kPa 300 300 0 17.7 0 22 22 0
257K/ C 216.34  216.67 0.15 210.00 213.84 1.83 223.90 218.95 -2.21
WE R/ kW 25071.60 25007.17  -0.26  25004.02 24935.04  0.28 25 000.00 25 425.00 1.70
PHE/KI - (KW +h) - 14 383.32 14 405.98 0.16 10 450.27 10351.99  -0.94  10238.10 10 164.82 -0.72
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Tab. 3 Verification results of variable operating condition model of No.2 unit

80% Tt 60% 1.1
Z K
B HEAE AR 22/ % W HEAE AR 22/ %

FZERIRIEL/C 535 535 0 535 535 0
FHHIE T/ MPa 8.83 8.83 0 8.83 8.83 0
FZER A/ t-h ! 81.7 81.7 0 61.6 61.6 0
HE TS ./ kPa 17.30 17.3 0 17.0 17.0 0

27K RLBE/ °C 204.80 206. 48 0.82 191.75 193.24 0.78
BUETIR /KW 20 013.25 20 270. 61 1.29 15 016.36 15 078. 02 0.41
PFE/KT - (kW -h) 7! 10 593.60 10 446. 50 -1.39 10 881.37 10 829. 47 -0.48
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Fig. 3 Curve of load and load change rate before
and after primary frequency modulation of

No. 1 unit under THA condition
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Fig.7 Curve of load and load change rate before and after

primary frequency modulation of No. 3 unit
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Fig. 8 Value range of extracted steam of each unit
under THA condition of No. 2 unit coupled with

No. 1 unit and No. 3 unit
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Fig. 9 Value range of extracted steam of each unit

under 80% THA condition of No.2 unit coupled

with No. 1 unit and No. 3 unit
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Fig. 10 Value range of extracted steam of each unit
under 60% THA condition of No.2 unit coupled
with No. 1 unit and No. 3 unit
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