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Abstract: [Objective] Against the backdrop of the transformation toward the new power system, coal-fired power
units have shifted from traditional main power suppliers to “ballast stones” for power supply security and
“stabilizers” for system regulation. However, deep peak regulation operation, characterized by frequent and rapid
load changes and prolonged low-load conditions, poses significant challenges to the safe and stable operation of
desulfurization systems and the compliance with pollutant emission standards. [Methods] To address these issues,
this study innovatively developed targeted secondary evaluation parameters at first, including the difficulty in
desulfurization slurry level control, desulfurization resistance coefficient, and applicability of desulfurization
gypsum utilization pathways, thereby significantly enriching the existing monitoring and evaluation methods for
desulfurization system operation. Secondly, taking a 1000 MW coal-fired power unit equipped with a limestone wet
flue gas desulfurization system as the research object, this study conducted comprehensive and systematic
evaluations on the desulfurization system’s operating status, SO, emission characteristics, gypsum quality, and
utilization under different load conditions using on-site test detection, online parameter monitoring, and the newly
developed secondary evaluation parameters. [Results] The results indicate that under low-load (deep peak
regulation) conditions: due to the sharp reduction in flue gas flow rate and notably poor flow field uniformity, the
relative deviations between online monitoring values and experimental test values of SO, concentrations at the
desulfurization outlet and total exhaust outlet expand to 11.1% and 16.9%, respectively; coupled with severe water
balance imbalance and slurry foaming caused by unburned organics from oil-firing, the average difficulty in liquid
level control increases by 75% compared with that at high load, with the maximum liquid level exceeding 9.8 m
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and highlighting prominent overflow risks; the blockage of demisters is significantly aggravated, contributing
47.4% and 59.4% respectively to the noticeable increase in resistance coefficients of the desulfurization system and
demisters; fixed-frequency equipment such as slurry circulation pumps and oxidation fans cannot linearly adapt to
load changes, leading to notably insufficient gas-liquid mass transfer and an 18%~25% increase in desulfurization
specific energy consumption compared to other loads; oil-firing for stable combustion reduces the key effective
component of desulfurization gypsum to 79.2% and increases free water and organic matter content, making it no
longer applicable to major and mainstream utilization pathways such as gypsum board and cement retarder.
[Conclusion] These findings comprehensively reveal the multi-dimensional impacts of deep peak regulation on
desulfurization systems, providing a solid theoretical basis and highly reliable data support for coal-fired power units
to achieve economical, efficient, and environmentally friendly operation under deep peak regulation conditions.

Key words: coal-fired power unit; deep peak regulation operation; flue gas desulfurization; performance evaluation;

solid waste utilization
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Fig.1 Schematic diagram of the unit desulfurization system
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Tab.4 Quality requirements and applicability evaluation of utilization pathways for desulfurization gypsum

_ Tt A LR P R A 1 o SR JBR A R A 25 R
Y5y R ERAGAE — —— - - -

AR A BRI BT KPS KYRZEEERINS SRR [ 6] 5t aliiNn] Eelib =
Ui B 7K B 53 U % <10.0 <5.0 <120 <15.0 9.7 14.5*
CaS04 2H,0 Jii &4 451/% =90.0 =90.0 91.4 79.2*
CaS03 4/2H,0 Jfi & 43 %5/% <2.00 0.34 2.30*
CaO &7 $1/% >30.0 31.0 318
MgO i &4 $1/% <0.10 0.08 0.09
Na20 JFi &5 %u/% <0.060 0.056 0.06
Na Jii 57> 3% <0.200 0.042 0.045
CHRE &/ 4U% <0.010 <0.500 <0.040 0.007 0.009
F & 43 0% <0.200 <0.200 0.013 0.015
S 4 5% 14.0~20.0 17.1 15.3
pH {4 5.0~9.0 55~85 5.8 56
AT 5 H % <0.100 0.035 0.870
R/(<10-6) <2.00 0.58 0.49
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Fig.7 Analysis of utilization pathways of desulfurization
gypsum samples before and after oil combustion
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