$a5HE F1 W
184 202541 H5H

HOE L

T B % W
Proceedings of the CSEE

Vol.45 No.1 Jan.5, 2025
©2025 Chin.Soc.for Elec.Eng.

DOI: 10.13334/.0258-8013.pcsee.241195 CE4RS: 0258-8013 (2025) 01-0184-10 HESHS: TM 621 CEAFRIRTE: A

EERRALFRER KA S AT IS R 5

naE', TFEL KB
FHRE, Lk

LEE KRT 030032; 3.

Ak

3
9 ﬂfﬁ(ﬁ
(1. Faedshid HERARNE, LEYE KERT 030006; 2.
EAe ke B 5 h TA2 4, bR T HRE 100084:

WAEH 2,
e

TERFRT LB,

R

4. AFMEEERZE, LxT FEX 101499)

Investigation on the Operation Characteristics of Circulating Fluidized Bed Boiler Unit for
Full-load Regulation
QIAO Leilei', WANG Xiaoquan', NIE Hao', LIU Chengliang', WEI Shaoging”, HAO Haijun',
LI Shaojun', FENG Hao', LYU Junfu’, KE Xiwei"
(1. Jinneng Holding Power Group, Taiyuan 030006, Shanxi Province, China; 2. Shanxi Research Institute of Huairou Laboratory,

Taiyuan 030032, Shanxi Province, China; 3. Department of Energy and Power Engineering, Tsinghua University, Haidian District,

Beijing 100084, China; 4. Beijing Huairou Laboratory, Changping District, Beijing 101499, China)

ABSTRACT: Coal-fired power generation units based on
circulating fluidized bed (CFB) combustion technology can
achieve long-period near-zero load (banked-fire) operation with
rapid start and stop capabilities, thereby enabling full-load
regulation. Experimental results on a 300 MW subcritical CFB
boiler demonstrate that the unit's power can rapidly drop to
1 MW at a rate of 10.4% Pe/min and then maintain long-term
stable operation at an ultra-low load ratio of 1%, with a total
hot standby duration exceeding 110 minutes. After finishing the
banked-fire operation, the unit can restart at a rate of 3.5%
Pe/min. During this period, the average bed temperature
decreases from 800 ‘C to 553 C at a rate of 2.2 C/min; the
main steam temperature and pressure drop by 165 °C and
1.7 MPa, respectively; the lateral temperature deviation of each
heating surface is basically within 10 ‘C; and the turbine and
generator operate smoothly with all parameters within safe
limits. During the load lift phase, the instantaneous CO
concentration in the flue gas rises sharply above 1%, but there
is no risk of explosion. The hourly average emissions of dust,
sulfur dioxide, and nitrogen oxide pollutants throughout the
peak regulation process meet ultra-low emission standards.
This study provides a more competitive direction for further
enhancing the flexibility of coal-fired power units, which is of

great significance for accommodating a high proportion of

HEWE: MHFLIEETH (ZD2023008A).
Project Supported by the Program of Beijing Huairou Laboratory
(ZD2023008A).

renewable energy sources, as well as for ensuring the reliable

and stable operation of new electric power systems.
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Fig.1 Schematic diagram of
a 300 MW subcritical CFB boiler
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Table 1 Design parameters under rated operating
conditions for a 300 MW subcritical CFB boiler
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Table 2 Proximate and ultimate analysis of the coal
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Fig.2 Variation of coal feeding rate and furnace

temperature before banked-fire operation
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Fig. 5 Variation of temperature rise at the inlet and

outlet of each heating surface over time
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banked-fire operation

In recent years, the installed capacity of renewable
energy generation, particularly wind and photovoltaic
the

intermittency, variability, and randomness of these

power, has increased significantly. However,
energy sources poses a significant challenge to the
reliable and stable operation of power systems. Utilizing
coal-fired power units to accommodate the developing
renewable energy sources is the only practically feasible
technological pathway for China to construct a safe,
efficient, clean and low-carbon energy system.

The circulating fluidized bed (CFB) boiler
demonstrates strong combustion stability and exhibits
outstanding performance under low load conditions.
Moreover, it has a special function, namely, banked-fire
operation. Experimental results on a 300 MW subcritical
CFB boiler show that the unit's power can rapidly drop to

1MW at a rate of 10.4% Pe/min and then maintain

long-term stable operation at an ultra-low load ratio of 1%,
with a total hot standby duration exceeding 110 minutes.
After reintroducing air following the coal, the main steam
flow and unit power quickly rose up, achieving a load
increasing rate of 3.5% Pe/min. As shown in Fig. 1, during
the hot standby period, the average bed temperature
decreased from 800°C to 553°C at a rate of 2.2°C/min;
165C

temperature

the main steam temperature and pressure drop by
1.7 MPa, the

deviation of each heating surface is basically within

and respectively; lateral
10°C; and the turbine and generator operat smoothly with
all parameters within safe limits. During the load lift phase,
the instantaneous CO concentration in the flue gas rises
sharply above 1%, but there is no risk of explosion. The
hourly average emissions of dust, sulfur dioxide, and
nitrogen oxide pollutants throughout the peak regulation

process meet ultra-low emission standards.
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Fig.1 Variation of several operation parameters during hot standby procedure for a 300 MW subcritical CFB boiler

This study indicates that CFB boilers possess
full-load range regulation capability. Future research can
delve into areas such as energy storage and safety

S15

technologies, aiming to further extend the hot standby
duration of CFB boilers, fully leveraging the unique
flexibility advantages of coal-fired CFB units.



