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Table 1 Design parameters of a 300 MW unit under rated conditions

Main steam Main steam Reheat steam Reheat steam Main steam flow/ Heat consumption Feedwater
temperature/C pressure/MPa temperature/C pressure/MPa (t-h™ ") rate/(kJ-kW-h"") temperature/C
538 16.7 538 3.074 914.39 8§117.2 268.4
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Table 2 Verification of thermodynamic system model of 300 MW unit in off-design conditions

Items Load Design data/experimental data Simulation results  Relative errors /%

100% THA 300 299.87 —0.04
50% THA 150 149.74 —0.17

Output power/MW
20% THA 60.90 60.76 —0.23
Banked-fire 3.22 3.26 1.24
100% THA 16.70 16.70 0.00
} 50% THA 8.96 8.97 0.11

Main steam pressure/MPa
20% THA 13.39 13.39 0.00
Banked-fire 8.00 7.92 —1.00
100% THA 538.00 538.00 0.00
. 5 50% THA 538.00 538.00 0.00

Main steam temperature/C

20% THA 517.43 517.43 0.00
Banked-fire 430.00 430.00 0.00
1002 THA 3.07 3.07 0.00
50% THA 1.60 1.59 —0.50

Reheat steam pressure/MPa
20% THA 0.69 0.69 —0.72
Banked-fire 0.07 0.07 —1.37
100% THA 538.00 538.00 0.00
. 50% THA 538.00 538.00 0.00

Reheat steam temperature/C
20% THA 519.39 519.39 0.00
Banked-fire 430.00 430.00 0.00
538 C,
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Fig.2 The operation mode of CFB unit coupled with solar energy storage in banked fire condition
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Table 3 Economic index of steam turbine under

banked-fire condition

Main steam HP turbine 1P turbine LP turbine

flow/(th™) Q./%  94/% Q% 9/% Q% 9%
20 16.091  35.979 0.520 1.163 0.151 0.337
25 14.838  34.942 0.552 1.300 0.193 0.456
30 13.830  34.031 0.573 1.41 0.233  0.572
35 12.989  33.875 0.587 1.531 0.268 0.699
40 12.269  33.453 0.597 1.627 0.300 0.817
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Table 4 Economic index of high pressure heaters under banked-fire condition

Main steam 1#HPH 2#HPH 3#HPH

flow/(t*h™")  Q./% 14/ % B 0./% 74/ % 8 0./% 74/ % 8
20 0.05 0.13 0.982 0.086 0.192 0.966 0.134 0.300 0.938
25 0.058 0.137 0.984 0.087 0.204 0.972 0.145 0.342 0.938
30 0.058 0.143 0.985 0.087 0.214 0.973 0.152 0.374 0.94
35 0.028 0.151 0.986 0.087 0.227 0.975 0.157 0.409 0.942
40 0.058 0.158 0.986 0.087 0.238 0.976 0.160 0.435 0.944

x5 EXNIRTREMARNIFZFIER
Table 5 Economic index of low pressure heaters under banked-fire condition

Main steam 5#LPH 6%LPH 7#LPH

flow/(t-h™ ") 0.,/ % 9./ V0 ) 0./ % 0/ % ) 0./ % 0/ % 0
20 0.020 0.045 0.978 0.014 0.031 0.965 0 0 —
25 0.022 0.052 0.977 0.020 0.046 0.954 0 0 —
30 0.024 0.058 0.976 0.023 0.058 0.945 0.001 0.002 0.999
35 0.025 0.065 0.976 0.027 0.069 0.938 0.002 0.004 0.998
40 0.026 0.072 0.976 0.030 0.081 0.933 0.002 0.006 0.997

F6 FERTRTHRA[/MERFRBHRAFOBEFHER

Table 6 Economic index of deaerator, condenser and molten salt heater under banked-fire condition

Main steam flow/ Deaerator Condenser Molten salt heater
(th™") 0./ % 0/ % ) 0,/ % 0./ % o 0./ % 0/ % P
20 0.023 0.051 0.980 19.404 43.387 0.035 8.222 18.385 0.905
25 0.032 0.078 0.976 17.343 42.676 0.308 8.284 20.384 0.906
30 0.032 0.078 0.976 17.343 42.676 0.038 8.284 20.384 0.906
35 0.035 0.091 0.975 16.638 43.392 0.039 7.472 19.487 0.911
40 0.037 0.102 0.975 16.061 43.793 0.040 7.049 19.219 0.914
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Investigation on long-period near-zero load operation characteristics of
CFB power plants coupled with thermal energy storage
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ABSTRACT CFB banked-fire hot-standby technology is an extremely deep peaking technology
that can achieve near-zero power output. However, due to the limitation of steam parameters during
banked-fire operation, the safe operation time of steam turbine can be maintained only about 1 h-2 h.
To address the above issues, a long-period banked-fire technology scheme for CFB power plants
coupled with thermal storage has been proposed. During banked fire operation, high-parameter
regenerative steam generated through solar-thermal integration synergistically maintains turbine
operation with boiler primary steam, thereby breaking through the duration limitations of conventional
CFB units in banked fire conditions. To explore operation characteristics of the above unit, a
thermodynamic system model of the unit was established using the EBSILLON, obtaining key
operational parameters under main steam flow rates ranging from 20 t/h to 40 t/h. An exergy analysis
model was established to reveal exergy destruction distribution patterns in CFB units under ultra-low
load conditions, with quantitative evaluation of exergy performance indicators for critical components.
Results demonstrate that the unit achieves a minimum output of 3.3 MW during banked fire
operation, realizing near-zero external power output after deducting auxiliary power consumption.
Exergy analysis reveals that both exergy destruction and exergy efficiency of key components exhibit
increasing trends with rising main steam flow rates. The feedwater heater demonstrates superior
exergy efficiency exceeding 93% , while the high-pressure (HP) turbine shows relatively low
efficiency of approximately 50%. Component exergy destruction rates follow this descending order
from high to low: condenser, steam turbine, molten salt-water heat exchanger, feedwater heater.

KEYWORDS circulating fluidized bed, deep peak regulation, near-zero output, exergy
analysis, simulation

HIGHLIGHTS

1. Proposed CFB steam compensation technology, breaking traditional banked fire time limits.

2. Obtained operating characteristics of CFB unit coupled with heat storage under banked fire
condition.

3. Clarified the characteristics of CFB unit's energy loss distribution under extreme low load.

4. Quantified the exergy performance indexes of key components of CFB unit.

HEFIR https://www. cnki. net



