:' frontiers ‘ Frontiers in Energy Research

‘ @ Check for updates

OPEN ACCESS

Mohamed Mohamed,
Umm Al-Qura University, Saudi Arabia

Pang Xinfu,

Shenyang Institute of Engineering,
China

Eugene Chaikovskaya,

Odessa National Polytechnic University,
Ukraine

Aleksandr Kler,

Melentiev Energy Systems Institute
(RAS), Russia

Zhi Yuan,
yzisthecure@163.com

This article was submitted to
Wind Energy, a section of the journal
Frontiers in Energy Research

22 September 2022
07 November 2022
19 January 2023

Hou J, Yuan Z, Wang W and He S (2023),
Optimization method of wind power
consumption based on thermal storage
tanks against the background of
stepped carbon trading.

Front. Energy Res. 10:1050641.

doi: 10.3389/fenrg.2022.1050641

© 2023 Hou, Yuan, Wang and He. This is
an open-access article distributed
under the terms of the Creative
Commons Attribution License (CC BY).
The use, distribution or reproduction in
other forums is permitted, provided the
original author(s) and the copyright
owner(s) are credited and that the
original publication in this journal is
cited, in accordance with accepted
academic practice. No use, distribution
or reproduction is permitted which does
not comply with these terms.

Frontiers in Energy Research

Original Research
19 January 2023
10.3389/fenrg.2022.1050641

Optimization method of wind
power consumption based on
thermal storage tanks against the
background of stepped carbon
trading

Junyu Hou, Zhi Yuan*, Weiqging Wang and Shan He

Engineering Research Center of Renewable Energy Generation and Grid-Connected Control, Ministry
of Education, Xinjiang University, Urumqi, China

In the context of Chinese efforts to achieve the goal of “carbon peaking and
carbon neutrality” for the “Three North” area heating season, thermal power
units, due to their unique operation mode of “fixing electricity by heat” and the
resulting problem of insufficient wind power consumption by the night system,
were proposed as an optimization method for wind power consumption based
on thermal storage tanks in the context of stepped carbon trading. The
optimization method is applied to thermal power plants and considers the
constraints of cogeneration unit thermoelectric coupling, electrical power
balance, and thermal power balance. Taking the lowest total cost of thermal
power plants as the objective function, the Cplex solver in Matlab is used to
solve the objective function. The wind power consumption by the system, the
CO, emissions of thermal power plants, and the economy of the system are
analyzed in different scenarios. The calculation example results show that the
model proposed in this article not only improves the wind power consumption
rate of the system and reduces the CO, emission of the thermal power plant but
also improves the economy.

KEYWORDS

heat storage, cogeneration, thermal decoupling, wind power consumption, stepped
carbon trading

1 Introduction

In recent years, the installed capacity of wind power in Northwest China, North
China, and Northeast China has gradually increased. According to “China’s “14th Five-
Year” Electric Power Development Planning Research,” it is expected that the national
electricity consumption will reach 141 trillion KWh in 2050, the total power generation
will be 14.3 trillion KWh, and the total installed capacity will be 6.01 billion KW. Among
them, the installed capacity of wind power is 1.967 billion KW, and the power generation
is 4.36 trillion KW, accounting for 30.5% of the country’s total power generation, and it is
the largest power source in China (Sun. et al., 2017; Zhu et al., 2021). While the state
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strongly supports the development of wind power, the problem
of wind power consumption by the system also needs to be solved
urgently.

The heating demand of the Chinese “Three North Regions” in
the heating season is mainly met by Combined Heat and Power
(CHP), but due to its unique operation mode of “setting electricity by
heat,” the space for wind power to be connected to the Internet in the
heating season is limited. This greatly limits the consumption of wind
power, and the thermal power unit will generate a large amount of
CO, in the process of operation (Zhou et al., 2020), which is not
conducive to the realization of the goal of “carbon peaking and
carbon neutrality” in China. In order to improve the on-grid rate of
wind power in the power system, it is necessary to perform a thermo-
decoupling operation on the CHP to reduce the forced output of the
unit. Existing decoupling operation methods include using heat
pumps (Kim Yu et al, 2022; Mohamed et al, 2022), electric
boilers (Yang. et al,, 2020; Li et al, 2021), etc., to heat electricity,
using heat storage tanks for heat compensation (Sinha et al., 2019;
Song et al., 2021) or building heat. Inertia (Picallo-Perez et al., 2021)
improves the flexibility of CHP heating. Among them, the use of heat
storage tanks to compensate for heat supply can not only increase the
wind power grid space but also has a good coal-saving effect and low
investment cost, which is one of the ideal measures to solve the wind
power consumption in the heating season (Lv et al, 2015). In
Western countries such as Denmark, the coordinated operation
of heat storage tanks and thermal power units has become an
important measure to increase the grid connection of wind power
and other renewable energy (Lund and Mathiesen, 2009).

At present, many scholars at home and abroad have carried out
research on the installation of heat storage tanks in thermal power
plants to improve wind power consumption. Lv et al. (2015)
compared the three wind power consumption schemes of
pumped water storage, wind power heating, and heat storage
tanks and concluded that the heat storage scheme of a thermal
storage tank has better economy. The impact of heat storage capacity
on wind power consumption is studied, but the analysis is not
comprehensive enough (Lv et al., 2015). Cao et al. (2021) proposed
an evaluation method for the wind power consumption capacity of a
thermal power plant heat storage scheme, considering the actual
situation of a thermal power plant operation (Cao et al., 2021). Cui
et al. (2021) studied the regulation characteristics of electric thermal
combined energy storage to realize the transfer of heat energy in the
time scale, thereby promoting the system’s absorption of wind
power. However, the impact of the construction cost and
operation cost of the heat storage tank on the system economy is
not considered (Cui et al,, 2021). Ge et al. (2019) analyzed the
utilization of wind power under different heat load levels and the
wind power consumption effect of the thermal power plant heat
storage tank under an optimal control strategy but did not consider
the influence of the heat storage tank capacity on the wind power
consumption, nor did they consider the system and he impact of fuel
and other costs on system economics (Ge et al., 2019). The above
studies did not consider the carbon transaction cost of the system,
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FIGURE 1

Electrothermal characteristics of the back pressure unit

resulting in units with low carbon emissions not giving priority to
the system, and the system carbon’s emissions were not alleviated.

To sum up, against the background of the Chinese striving to
achieve the goal of “carbon peaking and carbon neutrality,” it is very
necessary to conduct optimization research on thermal storage tanks
in thermal power plants in the context of stepped carbon trading.
Therefore, this article optimizes the system with a cogeneration-
wind farm-heat storage tank in the context of stepped carbon
trading. In order to improve the wind power consumption of the
system, reduce the CO, emissions of the thermal power plant, and
improve the economics of the thermal power plant, this article first
increases the thermal storage tank by adding the thermal power
plant. We cooperate with the CHP unit to supply heat, decouple the
CHP unit’s “heat-based electricity” operation mode, and increase the
space for the system to receive wind power during the heating
period. Second, by introducing the system carbon transaction cost, it
is forced to make high-efficiency and low-carbon emissions” units
give priority to output in order to reduce the CO, emissions of the
thermal power plant and the fuel cost of the unit to improve the
economics of the thermal power plant.

2 Operating characteristics of each
power source and the principle of
low-carbon dissipation in heat
storage tanks and ladder carbon
trading

2.1 Thermal power unit operating
characteristics

Extraction type and back pressure type are two different types
of thermal power units. Unlike conventional generator sets, the
power generation output of thermal generator sets is limited by
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FIGURE 2
Electric and thermal characteristics of the extraction unit.

thermoelectric coupling constraints. There is a coupling
relationship between the thermal power and the electric power
of the thermoelectric unit, which is called the “electrical-thermal
characteristic.” Figures 1, 2 show the operating characteristics of
the thermoelectric unit.

The heat source for the external heat supply of the back
pressure unit is the exhausted steam discharged from the steam
turbine, the linear coupling relationship between its power
generation and heating power is shown in Figure 1, and its
power generation is completely determined by the heating power.
Therefore, the relationship between heating power and power
generation is as follows (Lu. et al., 2016):

P1=9H1+ﬁ (1)

where P; represents the generating power of the unit; H;
represents the external heating power of the back pressure
thermoelectric unit; 6 represents the elastic coefficient of the
electrical power and thermal power of the unit, 6§ = AP/AH,
which can be considered as a constant; and 8 is the thermal
output power corresponding to the minimum electric output of
the back pressure thermoelectric unit.

The extraction-type unit extracts heat from the two poles of
the steam turbine to achieve external heating. If the intake steam
volume is constant, the external heating extraction volume will
increase, the heating power will continue to increase, but the
electrical power will continue to decrease. As shown in Figure 2,
in the designated area, the extraction steam unit can adjust its
power generation and heating power. The area surrounded by the
EDCBA in the figure is the normal working area of the extraction
steam unit. Although its power generation has a certain
adjustable range, when its heating power continues to
increase, the adjustable range of its power generation will
decrease accordingly. According to the operating principle of
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the unit, the relationship between power generation, heat, and
net power generation in pure condensing conditions is:

P=P,+yH, (2)

where P represents the generating power of the unit in pure
condensing condition, P, is the electric output of the steam
extraction thermoelectric unit, H, is the thermal output of the
steam extraction thermoelectric unit, and # is the reduction of
electric power when more unit heating heat is extracted when the
intake steam is constant.

Its electrothermal characteristics are expressed as follows:

{max(@HZ + B, P oin — HH,) S Py < Py — H, 3)

0<H; <H

where P .« indicates the maximum generating power of the unit,
P iy indicates the minimum generating power of the unit, and
H 1oy indicates the maximum heating power of the unit.

2.2 Wind power output model

Wind turbine model the output power P4, of a wind turbine
in a period of time is determined by the average wind speed v; at
the height of the wind turbine hub in that period of time, and its
piecewise function expression is as follows (Guo. et al., 2015).
Stochastic production simulation of power system with the wind
farm is

0 0<v;<vy
w(V) va<ve<w,

Py v <v <

0 Vi 2 Vo

4)

Prqy =

where v, is the cut-in wind speed, v, is the cut-out wind speed,
v, is the rated wind speed, Pwr is the rated output power of wind
turbine, and w (v;) can be approximated as a linear function:

Vi — Vi
w(v) =py¥
r — Vei

(©)

2.3 Principle of heat storage tanks to
absorb wind power

From the operating characteristics of the thermoelectric unit,
it can be seen that there is a coupling relationship between the
thermal output and the electrical output of the unit. The
adjustment range of CHP power generation is limited by its
thermal output. Under constant heating power, its heat output
will limit the adjustment range of its power generation
accordingly. Therefore, when the wind power output is high
at night and the heat load demand is large, the forced output of
the thermal power unit will be too high, and the system cannot
provide sufficient wind power grid space. For this reason, if a
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System model.

thermal power plant is equipped with a heat storage tank, in the
nonwind power consumption period, the thermal power unit will
also store heat in the heat storage tank while meeting the heat
load, and during the wind power consumption period, the output
of the thermal power unit will be reduced to supply heat. The
insufficient part is supplemented by the heat stored in the heat
storage tank (Zhang et al., 2022) so that the system can absorb
more wind power.

2.4 Integrated thermal power plant system
model

Figure 3 is a system structure diagram of an integrated
thermal power plant, including a heat storage device, a
thermal power unit, a conventional unit, and a wind
turbine. The integrated thermal power plant combines
thermal power, wind power, and heat storage tank systems,
which the
nonconsumption wind power period, when the electricity

can realize thermo-decoupling. During
load is high, the output of the thermal power unit is
increased, and the excess heat is stored by the heat storage
device; at night, when the load in use is reduced and the wind
power output is high, the output of the thermal power unit is

reduced to reduce This increases the wind power consumption
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of the system. In the context of the country’s efforts to achieve
the goal of “carbon peaking and carbon neutrality,” the
introduction of a carbon trading mechanism into the
system can further improve the system’s wind power
consumption capacity and reduce the system’s CO, emissions.

2.5 Step-by-step carbon trading
mechanism

In the Chinese power industry, the baseline method is mainly
used to determine the carbon emission quota of the system (Liu
et al,, 2021). For the integrated thermal power plant aiming at
increasing the wind power consumption rate, the carbon
emission source is the thermal power unit. In order to
simplify the model, it is assumed that the carbon emissions of
thermal power units are proportional to the output, and based on
the initial allocation, when the actual carbon emissions exceed
the initial allocation, the excess amount will be purchased at a
step-by-step price.

C :PlCe"'I'IQJ1 (6)

where C; represents the total amount of carbon emissions and ¢"
and ¢° represent the unit heating power and the carbon emission
intensity of power generation, respectively.
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Schematic diagram of stepped carbon trading.
. . . r C
The following formula represents the carbon emission 60,0<22_1<0.1
allowance of the device: O
G
-65,0.1<—--1<0.2
Co=Pi§ + H' ) C
- G
where C, represents the total amount of carbon emission -70,0.2< o 1<0.3
1
allowances and &' and & represent the unit heating power Teo, = 3 c ®)
and carbon emission allowances per unit of power generation, 60,0 < C—z -1<0.1
respectively. IC
2
According to the relationship between the actual carbon 65,0.1< c, - 1<0.2
emissions and the carbon quota allocated free of charge, the c
2
step-by-step trading mechanism established in this article is 70,0.2< o 1<0.3
¢ 1
shown in Figure 4. The abscissa is the proportion of the The carbon trading cost is:
actual carbon emissions exceeding the carbon quota
8 Fo=Te (C = C2) ©)

allocated free of charge, and the higher the proportion,
the higher the carbon trading price is.

We formulate the carbon trading price system according to
the stepped carbon trading mechanism. When the actual carbon
emission of the system exceeds/falls below the initial allocation,
the step-by-step price purchase/sale is implemented for the
excess carbon emission quota. The specific expression is as
follows (Cui. et al., 2018)
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2.6 Analysis of carbon reduction
mechanism using carbon trading policies

The carbon trading mechanism is that the power industry
uses the market adjustment method to promote the low-carbon
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Cost analysis diagram of the thermal power plant.

emission units to give priority to the system; the high-carbon
emission units actively reduce CO, emissions, which is
equivalent to improving the online space of wind power,
which in turn is conducive to the development of low-carbon
power. Figure 5 is a cost diagram of the thermal power unit. It can
be seen that if the carbon trading mechanism is not introduced,
units 3 and 4 will give priority to output due to the low unit cost
of thermal power, and the CO, emission of unit 3 is much higher
than that of unit 4. But because there is no carbon trading cost
limit, the units will be three CO, emissions and persist for a long
time, hindering the development of low-carbon operation of the
power system. If the carbon trading mechanism is introduced,
the units with high CO, emissions will need to bear higher
carbon trading costs, while the units with low CO, emissions will
only need to bear lower carbon trading costs, making the total
unit power generation cost of unit 3 higher. For unit 2, at this
time, units 4 and 2 with low CO, emissions and good
performance give priority to the output so as to promote the
system to reduce carbon emissions.

3 Optimal allocation model of
thermal power plant heat storage
considering carbon trading

3.1 Overall objective function considering
heat storage tank cost

Taking the lowest total cost of thermal power plants in a daily
dispatch period as the objective function, including the fuel cost
of conventional units and thermal power units, the daily
converted total cost of heat storage tanks and the carbon
transaction cost of thermal power plants, the objective
function is:

F= min(F1 +F2 +FC) (10)
F1:f1+f2+f3 (11)
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F2 = Chz + Ch3 (12)
Fc = Tc()z (Cl - CZ) (13)

where F and F; represent the total cost of the system and the fuel
cost of all units, respectively, F, represents the daily chemical
total cost after the conversion of the heat storage tank, and F,
represents the carbon transaction cost.

3.1.1 Fuel cost of the unit
The fuel cost of a conventional generator set can be expressed by
the quadratic equation of the generated power (Wang et al., 2022):

N T
f1=)Y P} +bPj +c (14)

j=1t=1

where Pj; represents the electrical output of the conventional
unit j under pure condensing conditions in the period t and a;, bj,
and ¢j represent the coal consumption coefficient of the unit j.

The heat source for the external heating of the back pressure
unit is the exhausted steam discharged from the steam turbine,
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and the heating cost can be considered zero. Therefore, its fuel
cost is the same as Eq. 9.
The fuel cost of an exhausted thermal power unit is:

N T
f3 = ZZQJPit + bJPJ,I + Cj

j=1t=1

= aj(Pej,t + ﬂjHj’t)z + bj(Pej,t + q]HJ’t) + Cj (15)

where P, represents the net power generation output of unit j at
time t, Hj represents the thermal output of extraction-type unit j
at time t, and 7; represents the thermoelectric ratio of extraction-
type thermal power unit j.

3.1.2 Cost of heat storage tank

When optimizing the capacity of the heat storage tank, the
cost of the heat storage tank will have a certain impact on the
overall operating economy of the integrated thermal power plant
and the selection of the heat storage tank capacity. Therefore, the
related costs of the heat storage tank must be fully considered.

The initial investment, construction, operation, and maintenance
costs make up the total cost of the heat storage tank. The cost of
materials, installation, and land occupation is the investment cost of all
aspects of the heat storage tank. For the specific analysis and
calculation, please refer to the existing engineering (Yang et al,, 2022).

Chl = Vh*u
_r(r+1)" Cy
P (r+ 1) 1365 (16)
Chl*e
Ciz =
7365

where F, is the daily total cost of the heat storage tank after
conversion, Cp; is the total investment cost of the heat storage
tank, Cy; is the daily depreciation expense converted from the total
investment cost, C3 is the daily maintenance cost of the heat storage
tank, V', is the capacity of the heat storage tank, and ¢ is annual. The
proportion of maintenance and investment costs of n, r, and u
represents the useful life, depreciation rate, and unit construction
cost, respectively.

3.1.3 Carbon trading cost
This part refers to formula (7) and will not be repeated here.
3.2 Restrictions
3.2.1 Energy balance constraints
N M R
zPl,j,t + sz,j,t + ZPS,j,t + Pray = Py
j=1 j=1 j=1

17)

N M
zHl,j,t + ZHZ,j,t + Hcr,tfl - Hcr,t = Hz,t
j=1 j=1

Frontiers in Energy Research

10.3389/fenrg.2022.1050641

where Py i, Py jr, and Psj; represent the electrical output of
extraction steam, back pressure, and conventional units at time t,
respectively; H) ;¢ and H) ;. represent the thermal output of
extraction steam and back pressure units at time t, respectively;
N. M. and R represent the number of extraction units, back
pressure units, and conventional units in the system, respectively;
and P,;, H,;, Prqy, and H,; represent the total electricity, heat
load, wind power output, and residual heat in the thermal storage
tank. When H,;_1 — H; > 0, the heat storage tank releases heat;
when H,, ;1 — H¢ <0, the heat storage tank stores heat.

3.2.2 Unit operation constraints
Generator set output size and climbing constraints.

Ph,min < Ph,j,t < Ph,max
Prjt = Phji1 < Py (18)
Prji1 — Ppji<Puq

where Pp max> Phmin» Phd> and Pp, are the maximum and
minimum generating power and the descending and
ascending power of the unit, respectively.

Electric output operation constraints of exhausted thermal
power units.

Prji1 = Prj <Py

Pj,min SPj,t SPj,max

Pjt — Pji 1 <Py

maX(GHz +ﬁ>Pmin - 71H2) SPZ SPmax - 1’]H2

19)

where Pj, max> Pj, min» Pd> and Py are the maximum and minimum
power generation and the down- and upslope power of the
pumped thermal power unit under the pure condensing
condition, respectively.

Thermal Output Operation Constraint of Exhaust-Type
Thermal Power Units.

0<H<H pux
Hj - Hj . <H, (20)
Hj, - Hy <Hq

where H ,y, Hy, and Hy are the maximum thermal power and
the upper and lower thermal ramping powers of the air-extracted
thermal motor, respectively.

3.2.3 Wind power output constraints

Pra¢ < Prayy (21)

where Prqy,; is the predicted wind power.

3.2.4 Operation constraints of heat storage tanks
The heat storage and heat release rate constraints of the heat
storage tank are:

- <
{ Hcr,t Hcr,tfl = Hcr,max (22)

Hcr,tfl - Hcr,t < Hfr, max
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where H, max and H;, may are the maximum rates of heat storage
and heat release in the heat storage tank, respectively.

4 Case simulation

4.1 Case data

This article takes the heating season in a certain area of the
country’s “Three Norths” as an example for simulation analysis.
This area includes two exhausted heat-generating units, two
conventional units, two back pressure heat-generating units,
and a wind power plant with an installed capacity of
300 MW. The installed capacity ratio of 2000 is in line with

> |«

the actual situation of the country’s “Three North” regions, and
the heat load of the system in the heating season is almost
constant. It is assumed that it is 1.5 x 103MW, the dispatching
unit time is 1 h, and the dispatching period T is 24 h. #, 5, and 0,
respectively, take 0.15, 0, and 0.75; u takes the value of 0.75 MW/
h. According to relevant data and cases at home and abroad (Cao
etal,, 2020), the construction unit price of the heat storage tank is
400,000 yuan/MWh, the service life 7 is 30 years, and 0.5% is the
annual maintenance cost ratio. The parameters of the unit are
shown in the literature (Danish Energy Agency, 2010). The
electric load power forecast of the system is shown in
Figure 6, and the wind power forecast power is shown in
Figure 7. In this article, the Matlab toolkit Cplex is used to
optimize the solution.

In order to verify the effectiveness of the heat storage tank in
improving the ability of the system to absorb wind power, reduce
the CO, emission of the system, and improve the economy
against the background of carbon trading, the operation
results under different operating scenarios are analyzed and
compared, of which Scenario 1 is the optimization proposed
in this article. Method: The scenarios are as follows: 1) Scenario 1:
Installing heat storage tanks to test the traditional carbon
transaction cost, 2) Scenario 2: Installing the heat storage tank
without considering the system carbon transaction cost, and 3)
Scenario 3: Not installing heat storage tanks and not testing the
carbon transaction cost of the system.

4.2 Simulation analysis

Under the constraints of satisfying the objective function and
electric power balance, there will be the output of each unit as
shown in Figure 8. Since this article mainly studies the wind
power consumption of the system, only the output of the wind
power to the system will be separately exemplified, that is, the
wind power of the system. Consumption situation: According to
the relationship between the carbon transaction cost and the
output of each unit, the CO, emissions of the thermal power
plant units can be obtained, and under the action of the carbon
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transaction cost, the units with high efficiency and low carbon
emissions will give priority to output, which can effectively
reduce the system’s CO, emissions. The daily chemical cost of
the heat storage tank is determined by its capacity of the heat
storage tank. The larger the capacity, the higher the cost, but
more wind power is consumed. The total cost of the thermal
power plant can then be used to compare the economics of each
scenario.

As can be seen from Figure 9, the carbon transaction cost of
Scenario 1 is 36,000 yuan; because Scenario one and Scenario
three do not consider the system carbon transaction cost, the
carbon transaction cost is 0 yuan. Scenarios 1 and 2 take the same
capacity of heat storage tanks; therefore, the daily chemical cost
of heat storage tanks in both scenarios is 51,000 yuan. In Scenario
3, because no heat storage tanks are installed, the daily chemical
cost of heat storage tanks is 0. The fuel cost of units in Scenarios 1,
2, and 3 is 380.17, 428.06. and 487.34 ten thousand yuan,
respectively; the assembly is 389.95. 433.19, and 487.34 ten
thousand yuan, respectively Although the carbon transaction
cost of Scenario 1 is higher than that of Scenario 2, the total cost
of Scenario 1 is 441,000 yuan less than that of Scenario 2 because
Scenario 1 consumes more wind power and reduces the forced
output of thermal power units. Therefore, the fuel cost of thermal
power units is less than that of Scenario 2. Although Scenario
3 only considers the fuel cost of the unit, the forced output of the
unit is too high because there is no heat storage tank to assist the
unit in heating, and the wind power consumption is seriously
insufficient; therefore, the total cost is higher than that of
Scenarios 1 and 2. To sum up, the economy of thermal power
plants has improved.

As can be seen from Figure 10, the CO, emission of Scenario
1 is 18,097.76t, the CO, emission of Scenario 2 is 20,311.48t, and
the CO, emission of Scenario 3 is 24,137.21t. The reason for this
is that the first Scenario considers the system carbon transaction
cost, forcing low-carbon emission units to give priority to output,
reducing system CO, emissions. On the other hand, wind power
is a clean energy source, and the consumption of wind power by
the system in Scenario 1 is higher than that in Scenario 2, which
reduces the output of the thermal power unit and reduces the
generation of CO,.

Figure 11 is a comparison of wind power consumption in
three Scenarios under the same heat storage capacity. It can be
seen that the consumption of wind power in Scenario 1 is higher
than that in Scenarios 2 and 3, and Scenario 2 is higher than
Scenario 3, indicating that the heat storage tank can improve the
wind power consumption of the system; Scenario 1 is higher than
Scenario 2, indicating that carbon trading can also improve the
wind power consumption of the system. As can be seen from
Figure 11 and Figure 12, from 9:00 a.m. to 22:00 p.m., due to the
high electricity load, the system is in the nonwind power
consumption period; therefore, the thermal power unit can
increase the output, and the excess heat is stored in the heat
storage tank. The heat storage tank is in a heat storage state for
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use at night. From 23:00 p.m. to 8:00 a.m. the next day, the power
load of the system is low and the wind power output is too large.
At this time, part of the heat load is provided by the heat storage
tank, and the other part is provided by the thermal power plant,
which effectively reduces the forced output of the unit.

Figures 13, 14 show the comparison of wind power
consumption by different heat storage tank capacities in
Scenario 1 and Scenario 2, respectively. It can be seen that the
larger the capacity of the heat storage tank, the more the system
can absorb wind power. In Scenario 1, when the capacity of the
heat storage tank is 837.856 MW, the system can
completely absorb wind power. The capacity of the heat
storage tank to achieve complete consumption of wind power
in Scenario 3 is 166.682 MW higher than that of Scenario 1 to
achieve complete consumption of wind power. Considering that
the larger the capacity of the thermal storage tank, the higher its
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investment cost and maintenance cost. In practical engineering
applications, the optimal heat storage capacity is generally
adopted.

In summary, the heat storage tank optimized against
the background of stepped carbon trading can not only
increase the wind power consumption of the system
and reduce the CO, emission of the thermal power plant but

also improve the overall economy of the thermal power plant.

5 Conclusion

In order to effectively reduce the CO, emissions of thermal
power plants and improve the wind power consumption
capacity and this proposes  an
optimization method for wind power consumption based
on thermal storage tanks in the context of stepped carbon
trading. The following conclusions are drawn through the
simulation analysis of the example.

economy, article

1) The installation of heat storage tanks in the thermal
power plant can achieve a certain degree of decoupling
of the thermal power unit’s “heating and electricity”
operation mode, improve the operational flexibility of
the thermal power unit, and reduce the forced output of
the system due to heat supply. Therefore, we must improve
the system to accept wind power space, improve the
system’s economy, and reduce CO, emissions of the
system.

2) The optimization of the thermal storage tank in the context
of carbon trading not only significantly improves the
system’s ability to absorb wind power and reduces
the CO, emissions of the thermal power plant but
also improves the overall economy of the thermal power
plant.

W
=~

The ability of the thermal power plant’s heat storage tank to
absorb wind power in the lifting system is related to its heat
storage capacity. In actual application, the capacity of the heat
storage device should be reasonably configured according to
the actual situation, such as the system wind turbine capacity.

The main purpose of this article is to improve

the utilization rate of wind power and reduce
CO, emissions of the power industry. By doing so, the

forced output of thermoelectric power can be reduced,

and the power system can be integrated into the
carbon trading system. This could infringe on
the power generation interests of traditional power

plants, and the plan would be hindered; therefore, the
government would need strong support for the reform of
the power system.
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