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With the development of new energy and the proposal of the “double carbon” target, accelerating the flexibility transformation of coal-fired generating units and guiding coal-fired generating units to participate in deep peak shaving have become an effective means of absorbing new energy to ensure the stability of the grid. In this paper, the operation performance of a supercritical 630 MW coal-fired unit with 16.67%–100% rated load is obtained through experiments. The results show that: when the unit load is greater than 50% rated load, the economy is higher; when the unit load continues to decline from 50% rated load, the unit heat rate, absolute electrical efficiency, standard coal consumption and other economic indicators drop rapidly, and the operation economy becomes worse. When the load of the unit is reduced to 105 MW, which is 16.67% of the rated load, the absolute electrical efficiency is reduced to 38.54%, the heat of the unit is increased to 9,340 kJ/(kW·h), and the standard coal consumption of the power generation is increased to 359.25 g/(kW·h). The test results of the unit can provide a reference for the flexibility adjustment and operation optimization of the same type of units.
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1 INTRODUCTION
In September 2020, China clearly proposed the goals of “carbon peak” by 2030 and “carbon neutral” by 2060. Developing green and renewable new energy such as wind power and solar power is an effective means to promote energy transformation (Wang Y. et al., 2021; Liu et al., 2023; Lei et al., 2024). With the increasing proportion of new energy, the randomness, intermittency and volatility of new energy will bring significant challenges to the reliability of power supply of power system (Ou et al., 2024). In 2022, the power generation of thermal power plants accounted for 66.5% in China, to absorb new energy, which requires thermal power plants need to further tap the peak shaving capacity, and give full play to the role of “ballast stone” (He et al., 2022; Tong et al., 2022; Yan et al., 2022). The National Development and Reform Commission of China and the National Energy Administration jointly issued the Notice on the Transformation and Upgrading of National Coal power Units, which puts forward the requirements of flexible transformation to meet the requirements of deep peak regulation, so as to absorb new energy on a larger scale, and the deep peak regulation of coal-fired power plants will become normal (Pan et al., 2022).
The conventional operating load of coal-fired units is 50%–100% of rated load, and the load is reduced to 30% or even lower when deep peak shaving (Gu et al., 2016; Hui et al., 2024). When coal-fired units operate at low load, their safety and economy are significantly reduced. Re-searchers have conducted a large number of studies on the performance of coal-fired units in deep peak shaving (Wang J. et al., 2021). Cong et al. studied the operation characteristics of the 660 MW ultra-supercritical secondary reheating unit at 100%, 75%, 50% and 30% rated load through experimental methods and found that the operation parameters were stable and the emission of flue gas pollutants reached the standard, but the economy was significantly reduced (Cong et al., 2021). Liu et al. showed that the load can be adjusted to 30% of rated load and operate stably without equipment modification through experimental re-search (Liu et al., 2019). Shi et al. conducted an experimental study on the performance of a 600 MW supercritical air-cooled coal-fired unit under different depth peak shaving load, and the results showed that when the load of the unit was reduced from 100% to 30% of the rated load, the heat of the unit increased by 15.33%, the coal consumption increased by 51.33 g/(kW·h), and the plant power rate also increased significantly (Shi et al., 2023). Zhao et al. studied the thermal economy of the unit when the load of the unit is reduced from 50% to 30%, and the results showed that the economy is better when the peak shaving depth is more than 40% of the load of the unit (Bin et al., 2022). Wang et al. conducted an experimental study on the main equipment characteristics and unit economy of 1050 MW ultra-supercritical unit in the process of peak shaving operation at 30% and 20% load depth. The results show that when the load of the unit is below 30%, the boiler efficiency, steam turbine efficiency, plant electricity rate, and heat and coal consumption of the unit show a significant downward trend with the increase of depth peak shaving amplitude (Wang et al., 2023).
The above research results show that the deep peak shaving in the literature can achieve the goal of 20% deep target. In order to help achieve the “double carbon” goal and further tap the potential of deep peak shaving, this paper takes the 630 MW super-critical unit of a power plant as an example. The thermal characteristics of the unit under the normal operation range of 100 %–50% rated load and the deep peak shaving operation conditions of 50%–17% rated load are studied, which provides a reference for the wide load flexibility adjustment of coal-fired units and the improvement of new energy consumption capacity.
2 THE UNIT OVERVIEW
A 630 MW ultra-supercritical reheat coal-fired power plant in China is taken as the reference unit. The system diagram of the reference unit is shown in Figure 1. The boiler of the 630 MW unit adopts the supercritical transformer DC boiler with the model of HG-1970/25.4-PM18, the burner adopts the swirling pulverized coal burner with the front and back wall combustion mode, and the preparation system adopts the pulverized system of double inlet and double outlet steel ball mill. The steam turbine is a super-critical, single intermediate reheat, condensing steam turbine with model N630-24.2/566/566. The parameters under the different turbine heat acceptance (THA) condition of this stage group are shown in Table 1.
[image: Diagram of a power plant cycle includes components like a boiler, high, intermediate, and low-pressure turbines, and a generator. Steam flows through turbines, while feeder water and air circulate between sections. Key elements: economizer, reheater, rotary air preheater, and condenser. Abbreviations indicate functions, such as HPT (High Pressure Turbine) and LPT (Low Pressure Turbine).]FIGURE 1 | Description of the 630 MW supercritical power plant configuration.TABLE 1 | Main design parameters of the unit under different operating conditions.	Name	Unit	Unit load
	THA	75% THA	50% THA
	Main steam pressure	MPa	24.20	20.06	13.53
	Main steam temperature	°C	566.0	566.0	566.0
	High pressure exhaust pressure	MPa	4.666	3.461	2.349
	High pressure exhaust temperature	°C	321.0	313.3	320.2
	Reheat steam pressure	4.199	3.115	2.114
	Reheat steam temperature	°C	566.0	566.0	566.0
	Intermediate pressure cylinder exhaust pressure	MPa	1.131	0.860	0.599
	Intermediate pressure cylinder exhaust temperature	°C	368.6	372.8	377.2
	Exhaust pressure	kPa	4.900	4.9	4.9
	Final feedwater temperature	°C	285.9	266.1	242.9
	Main steam flow rate	t/h	1796.4	1,295.6	853
	High pressure cylinder efficiency	%	87.34	\	\
	Intermediate pressure cylinder efficiency	%	92.61	\	\
	Heat rate	kJ/kWh	7,485	7,604	7,920


3 WIDE LOAD DEPTH PEAK SHAVING TEST OF THE UNIT
In order to fully understand the performance of the 630 MW coal-fired unit, the wide load performance test of the unit was carried out, which included seven pure condensation conditions: 630 MW, 475 MW, 300 MW, 240 MW,180 MW,140 MW and 105 MW. During the test, we should maintain the coal quality stable and meet pollutant emission standards. The main and auxiliary equipment were put into operation normally, the low temperature economizer was put into operation, and the heater was withdrawn from operation. In order to ensure the safety of the unit, deep peak shaving is carried out, that is, when the unit load starts to decrease from 300 MW, the load drop rate should be strictly controlled, each load condition operated stably for at least 2 h, and relevant data are collected until the load condition reaches 105 MW finally. Analysis of the unit under different operation load of boiler and steam turbine thermal efficiency indicators to explore the sliding pressure operation way the impact on the economy. Boiler efficiency was calculated using the Performance Test Code (PTC) developed by the American Society of Mechanical Engineers (ASME): ASME PTC-4 2013 (ASME, 2013). Steam turbine efficiency was calculated using the ASME PTC-6 2004 (ASME, 2004).
According to the standards, the boiler efficiency calculation method is expressed as:
ηb=100−QlossQr=100−q2−q3−q4−q5−q6
where ηb (%) expresses the boiler efficiency, Qloss (kJ/kg) denotes the energy losses in the daily operation of a coal-fired boiler. Qr (kJ/kg) represents the low calorific value of 1 kg coal. q2∼q6 (%) stand for the percentage corresponding to the heat loss of flue gas, unburnt carbon monoxide (CO), unburnt carbon, boiler surface and sensible heat loss from hot cinder respectively.
Turbine cylinders efficiency calculation method is expressed as:
ηi=h0−h1h0−h1′
where ηi (%) expresses the turbine cylinders (HPT, IPT, LPT) efficiency, h0 (kJ/kg) represents the enthalpy at the entrance state, h1 (kJ/kg) represents the enthalpy at the exit state for the actual process, h′1 (kJ/kg) represents the enthalpy at the exit state for the isentropic process.
Heat rate value calculation method is expressed as:
HR=Wms−Wsh×hms−hfw+Whr−Wrh×hhr−hcr+Wsh×hms−hsh+Wrh×hhr−hrhPe
where HR (kJ/kg) stands for the power output, Pe (MW) stands for the power output; Wms (t/h), Wsh (t/h), Whr (t/h), Wrh (t/h) stand for the mass flow of main steam, superheated spray water, reheated steam, reheat spray water; hms (kJ/kg), hfw (kJ/kg)), hhr (kJ/kg), hcr (kJ/kg), hsh (kJ/kg), hrh (kJ/kg) stand for the enthalpy of main steam, feed water, reheated steam, main steam, superheated spray water, reheated steam, reheat spray water, superheated spray water, reheat spray water.
Absolute electrical efficiency ηel (%) is calculated by:
ηel=3600HR
Power consumption rate ηau (%) is calculated by:
ηau=PauPe
where Pau (MW) stands for the auxiliary power consumption.
Standard coal consumption for power generation bgs (g·kW−1 · h−1) is calculated by:
bgs=1000HRQnet,arsηbηp
where Qnet,ars (kJ/kg) stands for the low heating value of the standard coal, ηp (%) stands for piping efficiency.
Power supply standard coal consumption bss (g·kW−1 · h−1) is calculated by:
bss=bgs100−ηau
4 THE EXPERIMENTAL RESULTS AND ANALYSIS
4.1 The change of boiler efficiency
With the reduction of unit load, the loss and thermal efficiency of coal-fired boilers also decrease (Yue et al., 2023). When the unit is in the range of 630 MW–105 MW with wide load peak shaving, the variation of boiler thermal efficiency with unit load is shown in Figure 2.
[image: Line graph showing the relationship between boiler efficiency and load in megawatts (MW). Efficiency increases, peaking at about ninety-three percent between three hundred MW and five hundred MW, then slightly declines.]FIGURE 2 | Variation curve of boiler efficiency with unit load.As can be seen from Figure 2, with the unit load decreasing from 630 MW to 105 MW, the boiler efficiency increases first and then decreases. When the unit load is 475 MW rated load, the boiler efficiency reaches the highest. When the boiler efficiency de-creases from 475 MW to 105 MW, the boiler efficiency decreases obviously. When the unit load decreases from 475 MW to 240 MW, the boiler efficiency decreases from 93.58% to 92.79%, which decreased by 0.79%. When the unit load decreases from 240 MW to 105 MW, the boiler efficiency decreases to 89.61%, and the boiler decreases significantly by 3.18%. The boiler efficiency at 105 MW decreases by 3.97% compared with that at 475 MW.
4.2 Analysis of turbine performance
The level of unit load has a great influence on the heat rate of steam turbine (Huang et al., 2022). When operating at rated load, three high pressure regulating valves are fully open and one regulating valve is closed. When the load of the unit gradually decreases from the rated load, one regulating valve of the turbine is closed, and the opening degree of three regulating valves is gradually reduced. When the load of the unit is reduced to 180 MW, the two high-pressure regulating valves of the steam turbine are closed, and the opening of the two inlet regulating valves is small. As the load of the unit continues to decrease, the two high-pressure regulating valves of the steam turbine are closed, and the opening degree of the two inlet regulating valves continues to decrease. As the unit operation mode has a great impact on the economy, in this performance experiment, the unit load adjustment adopts the sliding pressure operation mode, and the operation parameters of the steam turbine under different loads are shown in Table 2.
TABLE 2 | Operation parameters of steam turbine under different loads.	Parameter name	Unit	630 MW	475 MW	300 MW	240 MW	180 MW	140 MW	105 MW
	Main steam pressure	MPa	23.98	22.48	15.77	13.30	10.32	9.65	9.43
	Main steam temperature	°C	562.2	561.6	549.0	542.3	544.7	542.2	537.2
	High pressure exhaust pressure	MPa	4.79	3.61	2.36	1.90	1.47	1.15	0.94
	High pressure exhaust temperature	°C	327.6	310.5	303.5	300.6	298.9	299.8	292.9
	Reheat steam pressure	MPa	4.48	3.35	2.18	1.75	1.32	1.03	0.84
	Reheat steam temperature	°C	559.8	563.5	557.8	551.2	546.9	546.3	546.9
	Intermediate pressure cylinder exhaust pressure	MPa	1.079	0.818	0.539	0.438	0.329	0.259	0.206
	Intermediate Pressure cylinder exhaust temperature	°C	359	364.8	362.7	359.3	354.9	356	356
	Exhaust pressure	kPa	7.72	5.74	6.24	5.46	4.9	4.98	5.03
	Final feedwater temperature	°C	288.3	269.5	244.3	231.7	217.6	204.7	194.9
	Main Steam flow rate	t/h	1988.63	1,439.47	890.66	702.48	519.09	406.51	312.62


It can be seen from the test results in Table 2 that the main steam pressure, the pressure of reheated steam and the temperature of reheated steam gradually decrease with the gradual reduction of the load of the unit in the process of wide load peak shaving. When the load of the unit is lower than 50% of the rated load, the main steam temperature of the unit is controlled in the range of 537 °C–549 °C, which is 20 °C–30 °C lower than the design value, and the decrease is more. When the load of the unit is less than 300 MW, the temperature of the reheated steam is controlled in the range of 546 °C–557 °C, about 10 °C–20 °C lower than the design value, and the feed water temperature decreases with the reduction of the load of the unit.
The change of steam turbine operating parameters has a certain degree of influence on the economic performance of steam turbine, which is mainly reflected in the change of cycle thermal efficiency and relative internal efficiency (Wang and Gu, 2023). According to the actual operating parameters of the unit under different working conditions, the efficiency of the turbine high, intermediate and low-pressure cylinders is calculated, and the results are shown in Figure 3.
[image: Line graph showing steam turbine cylinder efficiency versus load in megawatts. Three lines represent HPT, IPT, and LPT efficiencies. HPT rises sharply, IPT maintains high efficiency, and LPT shows gradual increase.]FIGURE 3 | Cylinders efficiency changes of steam turbine under different loads.The efficiency of the high-pressure cylinder is 84.12% under the 630 MW working condition and 87.34% under the designed working condition, which is 3.22% lower than the designed value. When the load of the unit is in the range of 630 MW–240 MW, the efficiency of the intermediate pressure cylinder is 5%–6.5% higher than that of the high-pressure cylinder, the efficiency of the intermediate pressure cylinder decreases from 87.86% to 87.20%, and the efficiency of the high-pressure cylinder decreases from 84.12% to 77.15%. When the unit load is in the range of 240 MW–105 MW, the efficiency of the intermediate pressure cylinder decreases from 87.20% to 86.25%, a de-crease of 0.95%. Due to the sliding pressure operation, when the load of the unit de-creases from 240 MW to 180 MW, the efficiency of the high-pressure cylinder increases from 77.15% to 80.24%. This is because that the complete closure of the 3# regulating valve reduces the intake throttle loss. As the load of the unit continues to decrease, the efficiency of the high-pressure cylinder decreases from 80.24% to 69.15%. It can be seen that when the load of the unit is less than 50%, the operation economy decreases more, especially when the load is less than 30% of the rated load. Therefore, the operation mode of deep peak shaving should be further studied to improve the economy of the unit.
The steam turbine heat rate and absolute electrical efficiency of the unit are calculated according to the operating parameters, and the results are shown in Figure 4. The heat of the unit gradually increases with the decrease of the load. When the load of the unit is 630 MW, the heat rate is 7,840.32 kJ/(kW·h), and the absolute electrical efficiency is 45.92%. When the unit load is 300MW, the heat rate of the unit is 8,409.82 kJ/(kW·h), which is 569.5 kJ/(kW·h) higher than that of 630 MW and the absolute electrical efficiency is 42.81%, which is 3.11% lower than the 630 MW operating condition. When the load of the unit drops below 300 MW, the heat rate of the unit operation increases significantly, and the absolute electrical efficiency decreases greatly. When deep peak shaving is car-ried out, the heat rate and absolute electrical efficiency of the unit decrease significantly. When the load is reduced to 105 MW, the heat rate increases to 9,340 kJ/(kW·h), which is 1,499.9 kJ/(kW·h) higher than the rated working condition of 630 MW. The absolute electrical efficiency is reduced to 38.5%, which is 7.4% lower than the rated condition of 630 MW.
[image: Graph depicting the relationship between load and two variables: heat rate and absolute electrical efficiency. Load is shown on the x-axis in megawatts, while heat rate is on the left y-axis in kilojoules per kilowatt-hour and absolute electrical efficiency percentage is on the right y-axis. A red line shows the heat rate decreasing as load increases. A blue line shows absolute electrical efficiency increasing with load. The lines intersect at around 300 megawatts.]FIGURE 4 | Heat rate and absolute electrical efficiency of the unit under different loads.4.3 Analysis of power consumption and standard coal consumption of unit plant
In the case of deep peak shaving of the unit, the deviation of the main engine and auxiliary machine from the designed operating condition leads to the decrease of efficiency, resulting in the increase of the power consumption rate of the unit (Wang et al., 2024). According to the measured data during the test, the power consumption of the plant, the standard coal consumption of power generation and the standard coal consumption of power supply are calculated. The variation curve of plant power consumption rate with unit load is shown in Figure 5, and the variation curve of standard coal consumption for power generation and standard coal consumption for power supply with unit load is shown in Figure 6.
[image: Line graph depicting the power consumption rate as a percentage against load in megawatts (MW). The rate decreases sharply from 12% at 100 MW to about 6% at 300 MW, then slightly fluctuates between 300 MW to 600 MW.]FIGURE 5 | The variation curve of plant power consumption rate.[image: Graph plotting standard coal consumption versus load (MW). The x-axis represents load from zero to seven hundred MW, and the y-axis shows coal consumption from 280 to 420 grams per kilowatt-hour. Two curves are shown: a blue curve for power generation and a red curve for electricity supply, both demonstrating a decrease in coal consumption as load increases.]FIGURE 6 | Standard coal consumption for power generation and power supply.Figure 5 shows that with the decrease of unit load, the plant electricity consumption rate gradually increases. When the unit load decreases from 630 MW to 475 MW, the plant electricity rate decreases from 5.26% to 4.63%, the main reason is the improvement of boiler efficiency. When the unit load continues to decrease from 475 MW and the unit adopts sliding pressure operation, the boiler load decreases and the plant electricity consumption rate gradually increases. When the unit load is reduced to 300 MW, the plant electricity consumption rate increases to 5.08%. When the unit load is reduced to less than 300 MW, the power consumption rate of the plant increases significantly. When the unit load is reduced to 105 MW, the plant electricity rate rises to 12.22%, increasing by 7.14%. This is because when the load of the unit is low, the proportion of power consumption of the main auxiliary machinery increases significantly, resulting in a gradual increase in the power consumption rate of the unit plant.
Figure 6 shows that the standard coal consumption for power supply and power generation can be divided into two stages: the 630 MW–300 MW stage and the less than 300 MW stage. When the unit load is 630 MW rated load, the standard coal consumption for power generation and power supply are 291.59 g/(kW·h) and 307.78 g/(kW·h) respectively. When the unit load decreased from 630 MW to 300 MW, the standard coal consumption for power generation and power supply increased to 312.21 g/(kW·h) and 328.92 g/(kW·h), increasing by 20.62 g/(kW·h) and 21.14 g/(kW·h) respectively, and the increase of coal consumption is relatively gentle in this stage. When the unit is deeply peak-shaving and the load is reduced to 105 MW, the standard coal consumption for power generation and power supply increases to 359.25 g/(kW·h) and 409.26 g/(kW·h) respectively. Compared with the rated working condition of 600MW, the standard coal consumption for power generation and power supply increased by 47.04 g/(kW·h) and 80.34 g/(kW·h), respectively, and the coal consumption increased sharply at this depth peak shaving stage. In conclusion, when the unit load is lower than 300 MW, the economy of unit operation decreases significantly.
5 BENEFIT ANALYSIS OF DEPTH PEAK REGULATION
According to the Henan Provincial Energy Regulatory Office’s 2019″Henan Power Peak Balancing Auxiliary Service Trading Rules (Trial)” and the “Notice on Revising and Improving some provisions of the Provincial Power Peak Balancing Auxiliary Service Rules” issued in 2024: In the principle of deep peak load compensation in Henan Province, when the unit load rate is 40 %–45% (excluding 45%), the upper limit of the quotation is 0.2 yuan/(kW·h); When the unit load rate is 30%–40%, the upper limit of the quotation is 0.5 yuan/(kW·h); When the unit load rate is less than 30%, the quotation limit is 0.7 yuan/(kW·h). The benchmark on-grid electricity price in Henan province is 0.3779 yuan/(kW·h), and the depth peak charging period is 15 min. According to the above criteria, the peak-regulating benefits of the unit in different peak-regulating intervals for 1 h were analysed.
Figure 6 Test results show that as the load decreases, the coal consumption for power generation and power supply of the unit increases significantly. Therefore, when analysing the benefit of deep peak regulation, besides calculating the deep regulation service fee, the influence of coal consumption cost should also be calculated, and the unit price of standard coal is calculated at 1,000 yuan/ton. Deep adjustment income (yuan/h) is calculated based on the decrease of power supply cost caused by service fee subsidy minus the increase of power supply cost caused by the increase of coal consumption in deep adjustment. Since there is no subsidy when the load is 45%, the calculation is based on 45%. The increase of coal consumption under deep adjustment load affects the in-crease of power supply cost according to the following formula:
S=Bst−B45×Sc1000000
Where, S is the effect of increasing coal consumption, yuan/(kW·h); Bst is the coal consumption of deep adjustment load, g/(kW·h); B45 is the coal consumption of 45% load, g/(kW·h); Sc is the unit price of standard coal, yuan/t.
According to the test results in Figure 5, the coal consumption change of power supply in different intervals is analyzed according to the linear change. When the unit load is in the range of 240 MW–300 MW, the coal consumption increases by 1.44 g/(kW·h) when the load is reduced by 1%. When the load of the unit is in the range of 180 MW–240 MW, the coal consumption increases by 2.03 g/(kW·h) for each 1% reduction in load, and the corresponding cost is 0.0343 yuan/(kW·h). When the unit load is in the range of 140 MW–180 MW, the coal consumption increases by 2.56 g/(kW·h) for each 1% reduction in load. When the load of the unit is in the range of 105 MW–140 MW, the coal consumption increases by 5.58 g/(kW·h) for every 1% reduction in load. The comprehensive benefit of deep peak regulation is calculated, and the results are shown in Table 3. It can be seen from the table that when the coal price is 1,000 yuan/ton and the peak regulation service fee is subsidized according to the upper limit, the greater the depth of peak regulation, the greater the benefit.
TABLE 3 | Comprehensive benefits of depth peak regulation for 630 MW units.	Load/MW	Coal consumption increasing influence/Yuan/(kW·h)	Subsidies influence/Yuan/(kW·h)	Deep comprehensive benefit/Yuan/(kW·h)
	252	0.0072	0.025	0.0178
	240	0.0099	0.0513	0.0414
	180	0.0293	0.1033	0.074
	140	0.0455	0.3329	0.2874
	105	0.0766	0.7371	0.6605


6 CONCLUSION
For supercritical 630 MW coal-fired unit at 16.67%–100% rated load wide load tests are carried out to explore the thermal efficiency under different operating conditions, the main conclusions are as follows:
	1. When the unit load is greater than 40%, the boiler efficiency changes little, and achieves 93.58% of the maximum boiler efficiency when the load is 475 MW. When the unit load is less than 40% for depth peak shaving, the thermal efficiency of the boiler decreases continuously. When the unit load is 105 MW, the boiler efficiency is only 89.61%.
	2. During the sliding pressure operation of the unit, when the load decreased from 630 MW to 105 MW, the efficiency of the turbine cylinders changed as follows: the intermediate-pressure cylinder efficiency decreased slightly from 87.86% to 86.25%; the low pressure cylinder efficiency dropped more significantly from 85.86% to 79.58%; due to the influence of the opening and closing of the control valves, the high pressure cylinder efficiency fluctuated considerably, showing a trend of 84.12% → 77.15% → 80.24% → 69.19%.
	3. By comparing the performance indexes of the unit load at 100%–50% rated load and less than 40% rated load deep adjustable peak shaving, the various economic indexes of the unit do not change much, when operating within 630 MW–300 MW load. When the unit is in depth peak-shaving, the performance indicators gradually become worse, the heat rate of the unit increases significantly, the standard coal consumption of power generation and power supply increases obviously, and the operation economy of the unit decreases significantly.
	4. The impact of deep peak shaving on the revenue of power plants is analyzed from three aspects: unit heat consumption, standard coal consumption for power generation and power supply, and deep peak shaving subsidies. The greater the depth of peak shaving, the greater the revenue, which conforms to the requirements of market rules. However, from the perspective of safety, the greater the depth of peak shaving of the unit, the worse the stability and the greater the operational risk. Therefore, the extent to which the unit participates in deep peak shaving should be comprehensively determined based on safety and economy.
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