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A B S T R A C T

As the proportion of renewable power generation increases annually, thermal power plants are supposed to 
operate in deep peaking with high flexibility to balance power supply and power demand as well as ensure grid 
security. Hydrogen co-firing in thermal power plants is one of the promising approaches to maintaining stable 
combustion during deep peaking periods, improving peak capacity, and reducing carbon emissions. This paper 
numerically investigated the thermodynamic performance of deep peaking at 30 % and 20 % heating loads for 
hydrogen co-firing in a 300 MWe subcritical power plant using the Aspen Plus model and conducted an economic 
analysis of four scenarios of boiler deep peaking and hydrogen production from valley electricity. The results 
show that as the hydrogen blending heat ratio increases from 0 % to 15 % with the constant total excess air ratio 
of 1.15 at 30 % heating load, the boiler thermal efficiency increases from 91.13 % to 92.05 %, the standard coal 
consumption decreases from 395 g/kWh to 331 g/kWh, and the CO2 emission per unit of fuel heat input also 
drops from 132.52 g/MJ to 112.55 g/MJ. If the boiler heating load is further adjusted to 20 %, hydrogen 
blending and oxygen enrichment can also improve the theoretical combustion temperature and boiler efficiency, 
as well as save coal and reduce carbon emissions. Regarding the economic analysis, the prices of standard coal 
and electrolyzers are two key factors affecting the payback time. As the capacity of electrolyzers decreases from 
60 MW in Scenario 2 to 20 MW in Scenario 4, the payback time drops from 10.45 years to 3.63 years. In the 
meantime, the hydrogen blending heat ratio also decreases from 15 % to 5 % at 20 % heating load. There exists a 
tradeoff between a high hydrogen blending ratio (which means more stable combustion at low heating loads) and 
a short payback time.

1. Introduction

According to the Global Energy Review 2025, the share of coal-fired 
power generation is almost 60 % in China in 2024, which makes the 
power industry one of the major contributors to carbon emissions [1]. To 
realize the carbon neutrality goal, the proportion of renewable energy, 
such as wind and solar energy, in power generation is increasing 
annually [2]. However, due to the fluctuation, intermittency, and 
randomness of power generation from renewable energy [3], this re
quires coal-fired power plants to operate in deep peaking with a high 
degree of flexibility to balance power supply and power demand as well 

as ensure grid security. Under this circumstance, steady combustion of 
coal-fired power plants at low heating loads is a key issue. The blending 
of gas fuels such as hydrogen, ammonia, and methane is one of the ap
proaches to solve the above problem [4–6].

Hydrogen co-firing in thermal power plants not only helps to main
tain stable combustion at low heating loads due to its high reactivity but 
also favors carbon reduction [7], which has gradually become a research 
hotspot in recent years. Some researchers have investigated the effect of 
hydrogen addition on gas-fired boilers, focusing on combustion stability 
[8], thermodynamic performance [9–10], pollutant emissions [11–12], 
etc. In the meantime, several studies of hydrogen co-firing in coal-fired 
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boilers have also been carried out. Ueki et al. [13] experimentally 
investigated the effect of hydrogen gas addition on the combustibility of 
pulverized coal using a drop tube furnace. It was found that the 
combustibility of coal was enhanced with an optimum hydrogen gas 
flow. Yao et al. [14] analyzed the effects of coupling hydrogen-derived 
fuels with coal on the thermodynamic parameters of a 300 MW 
tangentially fired boiler through thermal calculations, it was found that 
boiler thermodynamic parameters depended on the properties of 
hydrogen-derived fuels and coupling mass percentage, the coal con
sumption rate dropped after the large proportion of cofiring, thus the 
CO2 emission reduced. Wei et al. [15] numerically studied hydrogen 
co-firing in a 660 MW power plant concerning combustion stability, heat 
transfer, and NOx formation through computational fluid dynamics 
(CFD). If hydrogen is injected into the boiler from two layers of sec
ondary air nozzles with a hydrogen mixing ratio of 40 %, the boiler heat 
flow is 1.04 times higher, and the NOx mass slightly increases at the 
furnace exit, about 1.13 times.

Moreover, some researchers focused on strategies for reducing 
cycling costs and improving the peak capacity of coal-fired power plants 
through power to gas. Romeo et al. [16] proposed an integration system 
of a Power to Gas (PtG) module (50 MWe) with fossil fuel thermal power 
plants (500 MWe) to reduce the minimum complaint load and avoid 
shutdowns. The utilization of PtG diminished the specific cost of pro
ducing electricity between 20 % and 50 %. Arslan et al. [17] designed a 
multi-generation system including power generation, domestic hot 
water, and hydrogen production for the waste heat recovery of a 150 
MW coal-fired power plant. The results showed that an increase of 
15.78–16.53 % in energy efficiency was achieved. Fu et al. [18] pro
posed a novel oxy-fuel power plant coupled with both liquid O2 storage 
and cold energy recovery systems to adapt to the peak-shaving 
requirements.

According to the aforementioned literature, hydrogen co-firing in 
thermal power plants is a promising approach to improving peak ca
pacity and reducing carbon emissions. However, the effects of hydrogen 
addition on the thermodynamic parameters of coal-fired boilers at low 
heating loads are rarely studied. This work aims to numerically inves
tigate the thermodynamic performance of deep peaking for a 300 MWe 
subcritical coal-fired power plant with hydrogen blending combustion 
through Aspen Plus software [19–20], which is commonly used for 
thermodynamic process simulation in thermal power plants. Addition
ally, an economic analysis is conducted to discuss the costs of hydrogen 
production from valley electricity and the benefits of coal saving and 
carbon reduction from hydrogen blending combustion. This paper can 
provide a reference for the deep peaking operation of thermal power 
plants.

2. Methods

2.1. 300 MWe boiler setup

Fig. 1 is the simplified diagram of a 300 MWe subcritical coal-fired 
boiler. It mainly includes two loops, which are the fuel-air-flue gas 
loop and the water-steam loop. In the fuel-air-flue gas loop, coal is 
crushed into powder in coal mills, dried, and fed into the furnace for 
combustion with the preheated air. After combustion, the ash from the 
combustion products is gathered and discharged from the furnace via 
the dry bottom hopper. The high-temperature flue gas flows through the 
furnace and subsequent heat transfer surfaces and finally exits the 
boiler. It is worth mentioning that the flue gas desulphurization, deni
trification, and dedusting processes are not considered in the study.

In the water-steam loop, the pumped water flows through the 
economizer, boiler drum, water wall, low-temperature superheater, 
platen superheater and wing wall, and high-temperature superheater, 
and finally becomes the superheated steam flowing into the high- 
pressure turbine to generate electricity. After working in the high- 
pressure turbine, both the temperature and pressure of the steam 

drop, and then it is sent back to the boiler, heated by the flue gas in the 
low-temperature reheater and high-temperature reheater, and finally 
becomes the reheated steam flowing into the intermediate-pressure and 
low-pressure turbines to generate electricity. After working in those 
components, the steam is condensed and pumped to the economizer to 
start a new cycle.

The coal type in this study is lignite, the detailed ultimate and 
proximate analyses are shown in Table 1.

The designed parameters for the 300 MWe subcritical coal-fired 
boiler (HG-1035/17.5-HM35) in China from the 30 % boiler 
maximum continuous rating (BMCR) case to the 100 % BMCR case are 
listed in Table 2. According to the boiler design manual, the boiler can 
be adjusted from 30 % to 100 % of the heating load. Additionally, the 
ultimate and proximate analyses of the lignite in Table 1 are the design 
fuel parameters for this boiler.

2.2. Aspen Plus model of the 300 MWe power plant

The established Aspen Plus model of the 300 MWe thermal power 
plant is illustrated in Fig. 2. The simulation of coal combustion is divided 
into four processes, including coal drying (Rstoic & Flash module), py
rolysis (RYield module), combustion (RGibbs module), and flue gas and 
ash separation (Cyclone module). Coal is defined as a non-conventional 

Fig. 1. Simplified diagram of a 300 MWe coal-fired boiler. 
(1) boiler drum; (2) water wall; (3) platen superheater and wing wall; (4) high- 
temperature superheater; (5) high-temperature reheater; (6) low-temperature 
reheater; (7) low-temperature superheater; (8) economizer; (9) air preheater.

Table 1 
Detailed ultimate and proximate analyses of the lignite in this study.

Parameters (units) Value

Ultimate analysis Carbon (wt. %) 62.15
Hydrogen (wt. %) 5.06
Oxygen (wt. %) 15.04
Nitrogen (wt. %) 1.10
Sulphur (wt. %) 0.66

Proximate analysis Ash (wt. %) 15.99
Moisture (wt. %) 29.60
Volatile (wt. %) 26.10
Fixed carbon (wt. %) 28.31

Lower heat value (MJ/kg) 14.51
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component in the simulation process, the enthalpy and density of coal 
are calculated by the HCOALGEN model and the DCOALIGT model. The 
products of coal pyrolysis are C, H2, O2, N2, S, and ash. The yield of each 
product is dynamically linked to the input coal ultimate analysis and 
proximate analysis using the Fortran language. After the Cyclone model, 
the heat exchanges between the flue gas and working fluid are calcu
lated according to the HeatX module, which includes thermodynamic 
and heat transfer calculations, and the heat exchanges between the flue 
gas and air are calculated according to the MheatX module, which can 
complete multi-stream thermodynamic equilibrium calculations.

The thermal efficiency of the coal-fired boiler can be obtained ac
cording to Eq. (1). 

ηth = Qs / Qf                                                                                  (1)

where Qs indicates the absorbed heat of superheated steam and reheated 
steam, and Qf indicates the supplied heat of fuel entering the boiler.

The generating efficiency of the entire thermal power plant can be 
assessed according to Eq. (2). 

ηe = Qe / Qf                                                                                   (2)

where Qe indicates the generated electricity of the superheated and 
reheated steam.

The thermodynamic parameter comparison between the simulated 
values and the designed values in the 100 % BMCR case is shown in 
Table 3 to demonstrate the reliability of the Aspen Plus model.

The errors of these parameters are within ±1 % except for electricity 
generation, which is − 3.96 %. It should be noted that the values of the 
isentropic efficiency of three turbines and the neglect of pipeline pres
sure drop and heat loss may be the reasons for the error in electricity 
generation of the power plant [21].

2.3. Aspen Plus model of the 20 MW electrolyzer

Subsequently, the electrolyzer module is introduced to simulate the 
20 MW alkaline electrolyzer, as shown in Fig. 3. It is adapted to the 
valley electricity input from the power plant, and is more cost-effective 
than proton exchange membrane (PEM) electrolyzer and solid oxide 
water electrolysis (SOEC).

The alkaline electrolyzer parameters are listed in Table 4. The pre
vious study [22] investigated the Aspen Plus model of an alkaline 
electrolysis system for hydrogen production, which provides references 
for this study. For example, the recommended range for alkaline elec
trolyzer efficiency is generally from 56 % to 70 % [23–24], thus, the 
electrolyzer efficiency is set at 65 % with 100 % load. The calculated 
specific energy consumption is 51.3 kWh/kg H2.

3. Results and discussion

3.1. Thermodynamic performance of the 300 MWe power plant under 
different heating loads

Fig. 4 demonstrates that as the boiler heating load reduces from 100 
% to 30 % with the constant excess air ratio of 1.15, the combustion 
temperature in the furnace drops, thus the flue gas temperature at the 
furnace outlet decreases, and the exhaust gas temperature also slightly 
reduces. Under such circumstances, the boiler thermal efficiency drops 

Table 2 
Designed thermodynamic parameters for the 300 MWe subcritical coal-fired 
boiler.

Parameters (units) 100 % 
BMCR 
case

75 % 
BMCR 
case

50 % 
BMCR 
case

30 % 
BMCR 
case

The mass flow rate of 
superheated steam (t/h)

1035 776.25 517.50 310.50

Superheated steam 
pressure at the boiler exit 
(MPa(g))

17.5 17.09 12.86 7.23

Superheated steam 
temperature at the boiler 
exit (◦C)

540 540 536 523

Feed water pressure (MPa 
(g))

19.39 18.30 13.90 8.23

Feed water temperature 
(◦C)

282.8 264.7 241.6 217.6

The mass flow rate of 
reheated steam (t/h)

846.8 646.9 441.6 263.9

Reheated steam pressure at 
the boiler exit (MPa(g))

3.816 2.902 1.936 1.125

Reheated steam 
temperature at the boiler 
exit (◦C)

540 540 523 506

Reheated steam pressure at 
the boiler inlet (MPa(g))

3.996 3.039 2.030 1.201

Reheated steam 
temperature at the boiler 
inlet (◦C)

333.5 306.5 297.9 293.9

Fig. 2. Aspen Plus model of a 300 MWe thermal power plant. 
(1) coal drying; (2) coal pyrolysis; (3) coal combustion; (4) flue gas and ash separation; (5) high-pressure turbine (HPT); (6) intermediate-pressure turbine (IPT); (7) 
low-pressure turbine (LPT).
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from 92.49 % to 91.13 %, and the overall generating efficiency of the 
thermal power plant decreases from 40.80 % to 31.11 %.

Fig. 5 shows that as the boiler heating load decreases from 100 % to 
30 %, the CO2 emission per unit of fuel heat input rises from 129.83 g/ 
MJ to 132.52 g/MJ and the standard coal consumption increases from 
301 g/kWh to 395 g/kWh due to the decrease in the thermal efficiency 
of the boiler and the generating efficiency of the thermal power plant.

Additionally, the variation of gas components in the boiler exhaust 
gas is further discussed in the S1 section of Supplemental Material. In 
this study, the NOx concentration (6 % O2) is 284 mg/Nm3 in the 30 % 
BMCR case according to the zero-dimensional model in Aspen Plus. The 
pollutant order of magnitude is basically consistent with published 
studies [7,15].

Table 3 
Thermodynamic parameter comparison between simulated values and designed 
values in the 100 % BMCR case.

Parameters (units) Designed 
value

Simulated 
value

Errors

The mass flow rate of superheated 
steam (t/h)

1035 1035 –

Superheated steam pressure at the 
boiler exit (MPa(g))

17.5 17.5 –

Superheated steam temperature at the 
boiler exit (◦C)

540 541.1 0.20 %

The mass flow rate of reheated steam 
(t/h)

846.8 846.8 –

Reheated steam pressure at the boiler 
exit (MPa(g))

3.816 3.816 –

Reheated steam temperature at the 
boiler exit (◦C)

540 537.2 − 0.52 
%

Reheated steam pressure at the boiler 
inlet (MPa(g))

3.996 3.996 –

Reheated steam temperature at the 
boiler inlet (◦C)

333.5 337.0 0.75 %

Exhaust gas temperature (◦C) 144.4 144.1 − 0.21 
%

Thermal efficiency of the boiler ( %) 92.41 92.49 0.09 %
Electricity energy generation (MW) 335.343 322.048 − 3.96 

%

Fig. 3. Aspen Plus model of a 20 MW alkaline electrolyzer.

Table 4 
Parameters of the alkaline electrolyzer.

Parameters (units) Value

Operating temperature (◦C) 75.75
Operating pressure (bar) 7
Electrolyte concentration (wt. % KOH) 35
Input power (MW) 20
Energy efficiency (LHV) ( %) 65 [22–23]
Voltage (V) 1.93
Hydrogen yield (kg/h) 390.1
Oxygen yield (kg/h) 3096.4
Energy consumption (kWh/kg H2) 51.3

Fig. 4. Key boiler parameters under different heating loads.

Fig. 5. Coal consumption and CO2 emissions of the boiler under different 
heating loads.
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3.2. Thermodynamic performance of the 300 MWe power plant with 
hydrogen co-firing

Based on the online data from the Shandong Power Trading Centre in 
China, the renewable energy output and real-time electricity price of the 
Shandong power grid in two typical days are shown in Fig. 6. In this 
study, 9:00 to 15:00 (6 h) is considered on average as the high incidence 
of renewable energy power (green line in Fig. 6) in a day. Meanwhile, 
the real-time electricity price (black line in Fig. 6) decreases to below 
200 CNY/MWh, or even a negative price. It is worth mentioning that the 
average valley electricity window (6 h/d) may apply to the North China 
and East China regions, which are geographically close to Shandong 
Province. While it may vary in other Chinese regions due to the different 
wind and solar resource endowments.

If it is considered to adjust the boiler to 30 % heating load during low 
electricity price hours, at the same time, hydrogen is produced from 
valley electricity, and then it is used for co-firing at 30 % low heating 
load of the 300 MWe boiler, which has the combined benefits of saving 
coal and reducing carbon emissions. The detailed strategy is to carry out 
boiler deep peaking for 6 h a day, the boiler heating load decreases to 30 
%, and this part of the generated valley electricity is used for hydrogen 
production by water electrolysis, which requires four 20 MW alkaline 
electrolyzers. Subsequently, the produced hydrogen is sent to the boiler 
for co-firing at 30 % heating load, and the highest hydrogen blending 
heat ratio can be up to 15 %. In the meantime, if the oxygen produced by 
water electrolysis is also used for oxy-fuel combustion, the air supply 
based on the 15 % hydrogen blending condition decreases to maintain 

the same excess air ratio. The oxygen content in the air sent to the 
furnace can increase from 21 % to 22.4 %.

Fig. 7 shows that as the hydrogen blending ratio increases from 0 % 
to 15 % with the constant total excess air ratio of 1.15, the theoretical 
combustion temperature in the furnace rises from 1514 ◦C to 1578 ◦C, 
while the flue gas temperature at the furnace outlet decreases. Under 
such circumstances, the boiler thermal efficiency increases from 91.13 
% to 92.05 %, and the overall generating efficiency of the thermal power 
plant rises from 31.11 % to 31.63 %. As for oxy-fuel combustion 
alongside hydrogen blending, the theoretical combustion temperature 
rises from 1578 ◦C to 1634 ◦C. Generally speaking, oxy-fuel combustion 
increases the reaction rate and combustion temperature and shortens the 
ignition delay time, which benefits the combustion stability [25]. 
However, the increase in combustion temperature caused by oxygen 
enrichment may result in the risk of wall temperature exceedance or 
corrosion inside the boiler [26].

Considering hydrogen injection and oxygen enrichment, the 
hydrogen and oxygen supply system and leakage detection devices are 
necessary in practice. The burners should be added or modified for 
hydrogen diffusion combustion in the furnace. It is required to evaluate 
whether the furnace, heat transfer surface, and flue gas treatment system 
need to be modified based on the hydrogen blending ratio or oxygen 
concentration to ensure the safe and efficient operation of the boiler.

Fig. 8 indicates that as the hydrogen blending heat ratio increases 
from 0 % to 15 %, the standard coal consumption decreases from 395 g/ 
kWh to 331 g/kWh and the CO2 emission per unit of fuel heat input also 
drops from 132.52 g/MJ to 112.55 g/MJ due to the combined effects of 
coal saving and energy efficiency improvement.

Additionally, the NOx concentration (6 % O2) generally increases 
from 284 mg/Nm3 to 409 mg/Nm3 as the hydrogen blending ratio rises 
from 0 % to 15 %. This trend is consistent with published studies [7,15]. 
Considering the increase in NOx emissions after hydrogen blending, it is 
recommended to optimize the combustion organization of hydrogen and 
coal in the furnace, adjust the air staged combustion strategy, and add 
flue gas recirculation in order to eliminate high-temperature zones and 
control NOx generation from the source [27]. Meanwhile, NOx emis
sions can also be controlled through optimizing flue gas post-treatment 
(e.g., denitrification) while ensuring stable combustion at low loads 
[28]. Further discussion can be found in the S2 section of Supplemental 
Material.

Since hydrogen blending and oxygen enrichment benefit stable 
combustion at low heating loads, which can increase the combustion 
temperature and boiler efficiency, it is further considered that the boiler 
heating load is adjusted from 30 % to 20 % during the deep peaking 

Fig. 6. Renewable energy output and real-time electricity price of the Shan
dong power grid.

Fig. 7. Key boiler parameters under different hydrogen blending heat ratios at 
30 % boiler heating load.
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period [29], which is currently the advanced level of deep peaking 
technology on the boiler side of thermal power plants.

If the boiler heating load decreases to 20 %, the valley electricity is 
used for hydrogen production by water electrolysis, which requires 
three 20 MW alkaline electrolyzers. The produced hydrogen and oxygen 
are sent to the boiler for combustion at a 20 % heating load case. 
Similarly, the highest hydrogen blending heat ratio can be up to 15 %, 
and the oxygen content in the air can increase to 22.4 %.

Fig. 9 illustrates the thermodynamic parameter changes under 
different cases at 20 % boiler heating load. The results show that 
hydrogen blending and oxygen enrichment can improve the theoretical 
combustion temperature and boiler efficiency, as well as save coal and 
reduce carbon emissions.

3.3. Economic analysis of the 300 MWe power plant with hydrogen co- 
firing

Based on the thermodynamic calculation, four scenarios of 300-day 
deep peaking of the boiler per year and hydrogen production from 
valley electricity are discussed in this chapter, these are 1) 6-hour deep 
peaking to 30 % heating load per day, with all valley electricity used for 
hydrogen production; 2) 6-hour deep peaking to 20 % heating load per 
day, with all valley electricity used for hydrogen production; 3) 6-hour 

deep peaking to 20 % heating load per day, with two-thirds of valley 
electricity used for hydrogen production; 4) 6-hour deep peaking to 20 
% heating load per day, with one-third of valley electricity used for 
hydrogen production.

The cost and benefit comparisons of these four scenarios are listed in 
Table 5. The costs mainly include capital expenditures (CapEx), annual 
operating expenditures (OpEx), annual electricity costs for hydrogen 
production, and annual water consumption costs. The benefits mainly 
include annual coal savings and carbon reduction. As for Scenario 1, the 
capital expenditures are expensive, meanwhile, annual coal saving and 
carbon reduction benefits are insufficient to cover annual operating 
expenditures, electricity costs, and consumed water costs, which is not 
acceptable. Regarding Scenarios 2–4, as the capacity of electrolyzers 
decreases from 60 MW to 20 MW, the final payback time drops from 
10.45 years to 3.63 years. Additionally, it is noteworthy that the 
hydrogen blending heat ratio also decreases from 15 % to 5 % as the 
capacity of electrolyzers decreases from 60 MW in Scenario 2 to 20 MW 
in Scenario 4.

The potential targets for cost reduction and benefit improvement are 
further discussed in the S3 section of Supplemental Material, which 
indicates that the prices of standard coal and electrolyzers are two vital 
parameters affecting the payback time.

4. Conclusion

In this study, the steady-state thermodynamic performance of deep 
peaking at 30 % and 20 % heating loads for hydrogen co-firing in a 300 
MWe subcritical power plant was numerically investigated using the 
Aspen Plus model, and the economic analysis of four scenarios of boiler 
deep peaking and hydrogen production from valley electricity was 
conducted. The main conclusions are as follows: 

(1) The coal-fired boiler itself can achieve 30 % to 100 % heating 
load regulation. As the boiler heating load reduces from 100 % to 
30 % with the constant total excess air ratio of 1.15, the boiler 
thermal efficiency and the overall generating efficiency both 
decrease while the standard coal consumption and the CO2 
emission slightly increase.

(2) Considering the boiler heating load adjusts to 30 % with 
hydrogen blending and oxygen enrichment combustion, as the 
hydrogen blending heat ratio increases from 0 % to 15 % with the 
constant total excess air ratio of 1.15, the boiler thermal effi
ciency increases from 91.13 % to 92.05 %, the standard coal 
consumption decreases from 395 g/kWh to 331 g/kWh, and the 
CO2 emission also drops from 132.52 g/MJ to 112.55 g/MJ. If the 
boiler heating load is further adjusted to 20 %, hydrogen 
blending and oxygen enrichment can also improve the boiler ef
ficiency, as well as save coal and reduce carbon emissions.

(3) As for the economic analysis, the prices of standard coal and 
electrolyzers are two vital parameters affecting the payback time. 
As the capacity of electrolyzers decreases from 60 MW to 20 MW, 
the final payback time drops from 10.45 years to 3.63 years. 
Meanwhile, the hydrogen blending heat ratio also decreases from 
15 % to 5 % at 20 % heating load. The tradeoff exists between a 
high hydrogen blending ratio (which means more stable com
bustion at low heating loads) and a short payback time.

Finally, it is worth mentioning that the dynamic performance in 
terms of load-following behavior and combustion characteristics is 
essential in real-world applications, which will be further investigated in 
future work.

Novelty and significance statement

The novelty of this research is the comprehensive thermodynamic 
and economic analysis of deep peaking for hydrogen co-firing in a 300 

Fig. 8. Coal consumption and CO2 emissions of the boiler under different 
heating loads at 30 % boiler heating load.

Fig. 9. Key boiler parameters under different hydrogen blending heat ratios at 
20 % boiler heating load.
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MWe subcritical coal-fired power plant with hydrogen production from 
valley electricity. The route proposed in this study has proved to be 
technically and economically feasible. It is significant because this 
research discusses a potential environment-friendly and cost-efficient 
decarbonization approach in the thermal power industry, which con
tributes to the achievement of the dual-carbon goal in China.
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Table 5 
Economic comparison of four scenarios of boiler deep peaking and hydrogen production from valley electricity.

Parameters (units) Scenario 1 Scenario 2 Scenario 3 Scenario 4

CapEx (CNY) Electrolyzer 
(2000 CNY/kW [30,31])

160,000,000 
(80 MW)

120,000,000 
(60 MW)

80,000,000 
(40 MW)

40,000,000 
(20 MW)

Hydrogen storage tank 
(320 CNY/m3 [32])

12,800,000 
(20,000 m3 × 2)

9600,000 
(15,000 m3 × 2)

6400,000 
(10,000 m3 × 2)

3200,000 
(5000 m3 × 2)

Burners and pipes 25,000,000 25,000,000 25,000,000 25,000,000
Total 197,800,000 154,600,000 111,400,000 68,200,000

OpEx (CNY, 2 % of CapEx [33]) 3956,000 3092,000 2228,000 1364,000
Hydrogen production electricity costs (CNY, the valley electricity price is 100 CNY/MWh) 14,400,000 10,800,000 7200,000 3600,000
Consumed water costs (CNY, water consumption is 0.204 ton/MWh [30], industrial tap water price is 

5 CNY/ton [30])
146,880 110,160 73,440 36,720

Standard coal savings (tons per year) 10,474 29,994 27,376 24,757
Coal saving benefits (CNY, standard coal price is 700 CNY/ton) 7332,000 20,996,000 19,163,000 17,330,000
CO2 emission reduction (tons per year, 2.6 tons of CO2 from 1 ton of standard coal) 27,232 77,985 71,177 64,369
Carbon reduction benefits (CNY, carbon tax is 100 CNY/ton) 2723,200 7798,500 7117,700 6436,900
Payback time (year) None 10.45 6.64 3.63
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