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Abstract. During the heating period, the thermal storage electric boiler
helps the thermal power units to participate in the deep peak regulation by
converting the electric energy into heat energy for heating users, but in the
non-heating period, the thermal storage electric boiler can not operate
because there is no heat user, as a result, the thermal storage electric boiler
is shut down in summer, and can not assist the thermal power unit to
participate in the deep peak regulation. Therefore, this paper designs an
electric thermal storage boiler regenerative system for peak shaving in
summer. In this regenerative system, electric boiler is used to heat
circulating water in heating period, and electric boiler is used to heat
condensed water in non-heating period, and in the non-heating period, the
number of low-pressure heaters can be adjusted according to the load and
heat storage capacity of the units, so that the electric boiler can assist the
thermal power units to participate in the deep peak regulation throughout
the year, taking a 350MW unit with 70MW regenerative electric boiler as
an example, the heat exchange capacity is calculated to verify the
feasibility of the regenerative system. In this paper, a new method of
heating condensate by regenerative electric boiler in non-heating period is
proposed to solve the problem that the new energy can not be used and the
energy is wasted in summer.

1 Introduction

In order to promote the development of new energy in our country and focus on solving
the problem of new energy consumption in the "three north" region, the state and local
governments have adopted a series of measures to promote the development of new energy,
to solve the problem of new energy development from various angles such as technology
route and industrial policy!"#. Thermal storage boilers are widely used in cogeneration
units because of their fast start-up and high load”®”). During the heating period in winter,
the balance of peak-valley electricity and wind-photovoltaic energy dissipation can be
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carried out in the power grid of electric boiler, and the flexibility of cogeneration unit can
be increased®®). But in the non-heating period, the peak-load regulation requirements and
heating load of the unit are reduced, which leads to the shutdown of the thermal storage
electric boiler in the non-heating period and the decrease of the equipment utilization ratio.
Therefore, this paper presents a regenerative system of electric thermal storage boiler for
peak load regulation in summer, which is used to solve the technical problem of energy
waste caused by waste wind power in summer.

2 System design

The main starting point of the design of regenerative electric boiler regenerative system is
the coupling of regenerative electric boiler with heating network circulation system and
condensate system, in winter, the auxiliary units of Electric Boiler and heat network
circulation system are used to regulate the peak load and ensure the heat supply. In summer,
the auxiliary units of Electric Boiler and condensate system are used to regulate the peak
load and improve the utilization efficiency of thermal storage electric boiler. The
regenerative system of the electric thermal storage boiler used for peak shaving in the
power plant can ensure the auxiliary units of the electric boiler to participate in deep peak
shaving in summer.

Fig. 1. Regenerative system of electric thermal storage boiler for peak shaving in summer.

In figure 1:1 is the condenser, 2 is the condensate pump, 3 is the condensate three-way
Valve, 4 is the low-pressure heater extraction steam backstop door, 5 is the low-pressure
heater inlet steam electric door, 6 is the low-pressure heater, 7 is the low-pressure heater
bypass electric door, 8 is electric inlet and outlet doors for low pressure heaters, 9 is electric
inlet and outlet doors for heat-supply network heaters, 10 is electric inlet doors for heat-
supply network heaters, 11 is water for heat users, 12 is electric inlet doors for circulating
water side of heat-supply networks for water heat exchangers, 13 is water heat exchanger
condensing water side outlet electric door, 14 is water heat exchanger, 15 is heat storage
electric boiler circulating water outlet electric door, 16 is heat network heater outlet electric
door, 17 is heat network heater, 18 is the heat network circulating water pump three-way
Valve, 19 is the water heat exchanger circulating water side outlet electric door, 20 is the
heat network circulating water pump, 21 is the heat storage electric boiler, 22 is the heat
network circulating water return electric door, 23 is the water for water heat exchanger
condensation water side outlet temperature measurement point.
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3 System operation

The operation mode of the electric thermal storage boiler used for peak shaving in summer
includes the operation mode in heating period and that in non-heating period.

During the heating period, the electric door at the inlet of the circulating water side of
the water-water heat exchanger heat network, the electric door at the outlet of the
condensing water side of the water heat exchanger, the electric door at the outlet of the
circulating water side of the water heat exchanger heat network and the three-way valve of
the condensing water to the side of the water heat exchanger are closed, operation
Relationship between isolated water-water heat exchanger and system.

During the low load of the power network during the heating period, on the one hand,
the heat storage electric boiler converts the surplus electric energy into heat energy stored
in the heat storage body, on the other hand, it closes the electric door of the circulating
water outlet of the heat storage electric boiler's heat network, open the electric inlet steam
door of the heating network heater, the electric outlet door of the heating network heater
and the three-way valve of the circulating water pump of the heating network to the side of
the heating network heater, reduce the amount of electricity on the grid in two ways.

During the heating period when the load of the power network is at its peak, the electric
door of the circulating water outlet of the heat storage network of the heat storage boiler is
opened, and the opening of the three-way valve of the circulating water pump of the heat
storage network is adjusted according to the heat storage capacity of the heat storage boiler
and the heating demand of the heat users, that is to adjust the circulating water flow into the
heating network heater and the thermal storage electric boiler, to reduce the amount of
steam pumped into the heating network heater, to increase the generating capacity of units
and to increase the amount of electricity connected to the network on the premise of
meeting the heating demand.

In the non-heating period, close the electric inlet steam door of the heating network
heater, the electric door of the circulating water outlet of the heating network boiler, the
electric door of the outlet of the Heating Network Heater and the three-way Valve of the
circulating water pump of the heating network to the side of the heating network heater,
operation Relationship between isolated heat net heater and system.

When the load of power grid is low in non-heating period, close the electric door at the
inlet of the circulating water side of the water-water heat exchanger, the electric door at the
outlet of the condensate water side of the water heat exchanger, the three-way valve of the
circulating water pump, the electric door at the outlet of the circulating water side of the
water-water heat exchanger and the three-way valve of the condensate water to the side of
the water-water heat exchanger, the surplus electric energy is converted into heat energy
and stored in the heat storage body, and the condensed water is heated through the low-
pressure heater without reducing the amount of steam extracted from the low-pressure
heater and the amount of electricity connected to the network.

During peak load of power grid in non-heating period, open water-water heat exchanger
heat network circulating water side entrance electric door, water-water heat exchanger heat
network circulating water side exit electric door, hot network circulating water pump three-
way valve leading to thermal storage electric boiler side and water-water heat exchanger
condensate side exit electric door, then, according to the load of the unit and the heat
storage capacity of the electric boiler, the opening of the condensate three-way valve
leading to the low-pressure heater and the water-water heat exchanger is adjusted, that is,
the condensate flow rate leading to the low-pressure heater and the water-water heat
exchanger is adjusted, open or close the electric door by-pass of the low-pressure heater or
the electric door of the inlet and outlet of the low-pressure heater, that is to determine the
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operation of the number of low-pressure heaters, reduce the unit steam extraction, increase
the power grid.

4 Feasibility check

Taking a 350MW unit as an example, during the non-heating period, the regenerative
power of the electric heat storage furnace of the unit is 70MW. The unit can operate stably
under the condition of 30% tha at the lowest, the surplus electricity and the abandoned wind
power are stored to the electric heat storage furnace, the daily heat storage time is 5 hours,
the daily heat storage time is 5 hours, the heat storage efficiency is 95% , then the electric
heat storage furnace can release the maximum heat of 33250kW * h per day.

The normal operating condition of the system is 50%THA, the condensate flow rate is
390 t/h, the outlet water temperature of the condensate pump is 33 °C, the condensate water
temperature before the deaerator is 128°C, and the enthalpy difference between the outlet of
the condensate pump and that before the deaerator is 400 kJ/kg, it is assumed that 40% of
the total condensed water flows through the water-water heat exchanger during the heat
release period of the electric storage furnace, and the heat transfer power of the water-water
heat exchanger is 17.7 MW.

The temperature of circulating water at the outlet of the electric heat storage boiler is
200°C, the temperature of circulating water drainage is 50°C, the heat transfer Coefficient K
of the water-water heat exchanger is 800W/W/(m? * K) for counterflow heat transfer, and
the temperature of the condensing water at the outlet of the condenser is 33°C, the outlet
condensation water temperature of the low pressure heater is 128°C. To sum up, the inlet
water temperature at the cold end of the water-water heat exchanger is 33°C, the outlet
water temperature is 128°C, the flow rate is 160 t/h, the inlet water temperature at the hot
end is 200 ° C, the outlet water temperature is 50°C, and the flow rate is 100.8 t/h. Based
on the specific heat capacity of the water, the heat capacity at the hot end is 117200, the
cold end has a thermal capacity of 185900 and the number of heat transfer units NTU is
3.612.

The heat capacity ratio is calculated as follows:

R, = L 0.563 (1)
w.

c
2

The formula for calculating the heat transfer efficiency is:

o
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Taking into account that the water-water heat exchanger contains 5% heat loss, if the
electric heat storage boiler is used to store all the heat every day, the daily heat exchange
capacity is 315000kW, and the heat can be released for about 18 hours, considering that the
heat exchange effect of the electric heat storage boiler is poor when the temperature of the
heat storage brick is low, the daily heat exchange time can still reach more than 10 hours,
that is to say, the auxiliary unit of Regenerative Electric Boiler can participate in the deep
peak regulation for 10 hours every day when it runs in summer.

5 Conclusion

(1) in this paper, an electric thermal storage boiler reheat system is designed, which is used
for peak shaving in summer in power plant, in heating period, the auxiliary units of
Regenerative Electric Boiler and circulating water system of heating network are used to
participate in the deep peak regulation and ensure the heating demand, and in non-heating
period, the auxiliary units of Regenerative Electric Boiler and condensate system are used
in the deep peak regulation, the utility model solves the problem that the utility ratio of the
current regenerative electric boiler can only be put into use during the heating period, and
also solves the problem that the power plant participates in the deep peak regulation in
summer.

(2) taking a 350MW thermal power unit with a 70MW solid heat storage electric boiler
as an example, the feasibility of its application in summer is verified. The calculation
results show that the auxiliary units of the thermal storage electric boiler can participate in
deep peak regulation 10 hours a day during summer operation, to get the corresponding
peak-shaving revenue.

This work is supported by the Science and technology project of State Grid Jilin Electric Power
Company Limited. The project number is KY-GS-21-01-05.
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