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Abstract

The multi-energy complementary distributed energy system (MCDES) covers
a variety of energy forms, involves complex operation modes, and contains a
wealth of control equipment and coupling links. It can realize the comple-
mentary and efficient use of different types of energy, which is the basic
component of the physical layer of the Energy Internet. In this paper, aiming
at the demand of the energy application for towns, a distributed energy sys-
tem based on multi-energy complementary is constructed. Firstly, the supply
condition of the distributed energy for the demonstration project is analyzed,
and the architecture of the multi-energy complementary distributed energy
system is established. Then the regulation strategy of the multi-energy com-
plementary distributed energy system is proposed. Finally, an overall system
scheme for the multi-energy complementary distributed energy system suita-
ble for towns is developed, which provides a solid foundation for the devel-
opment and promotion of the multi-energy complementary distributed
energy system.
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1. Introduction

The distributed energy system (DES) is the basic component of the physical
layer for the energy Internet, which can realize the complementary and efficient
use of different types of energy. From the source side, DES includes different
forms of energy such as cold, heat, electricity and gas; from the grid side, DES
includes different energy network architectures such as cooling grid, heating

grid, power grid and gas grid; from the storage side, DES includes electricity
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storage, heat storage, cold storage and so on; from the load side, DES includes
not only the main power load, but also the heating load and cooling load [1] [2]
(3] [4] [5].

In the research on DES, the University of Manchester in the United Kingdom
has developed a distributed energy system with an electric-heat-gas system and a
user interaction platform, which achieves the functions of energy consumption,
energy saving and demand response to user terminals [6]. By encouraging the
construction of E-Energy projects, Germany focuses on the integration of energy
and information systems, and adopts digital networks to realize the safe supply,
efficient utilization and climate protection of power generation [7]. Japan estab-
lished the Japan Smart Community Alliance as early as 2010, focusing on the
construction of demonstration projects for smart community technologies and
distributed energy systems [8]. In recent years, DES research has become a trend in
China. Aiming at building an intelligent industrial demonstration zone, Guangzhou
Mingzhu Industrial Zone has constructed a cooling-heating-electricity-gas distri-
buted energy system to improve energy utilization [9]. The Urban Energy Inter-
net demonstration project in Yanging, Beijing aims to build a regional distri-
buted energy system that supports a high penetration rate [10]. In conclusion,
the planning and design, optimization and coordination of the multi-energy
complementary distributed energy system (MCDES) have been widely studied,
but there is no overall design scheme for the distributed energy system for
towns.

This paper comprehensively uses a variety of energy production methods,
energy storage equipment and the principle of photothermal and chemical com-
plementarity to construct the urban multi-energy complementary distributed
energy system project in Zhangjiakou [11]. And an overall scheme of MCDES
suitable for towns is proposed, which has laid a solid technical foundation and

practical experience for realizing the large-scale distributed energy system.

2. Load Profile of Distributed Energy System
2.1. Load Characteristics

Zhangjiakou is a prefecture level city in Hebei Province, which is rich in new
energy resources. The main load of the multi-energy complementary distributed
energy system project is Zhangjiakou DahuaJianguo Hotel. The hotel mainly
receives group catering, accommodation, and conferences. The arrival time of
guests is uncertain, which causes unstable and fluctuating loads. Therefore,
through long-term observation and recording, the law and characteristics of the

distributed energy system load can be obtained.

2.2. Load Composition Analysis

At present, the hotel mainly relies on 3000 m’ solar energy for cross-season heat
storage and heating. Due to insufficient heating capacity, a 2 T/h heating electric
boiler (actually 1.5 T/h) and a 1 T/h hot water electric boiler (actually 0.5 T/h),
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which also provides hot water for swimming pools, are used to supplement heat.
The heating demand in winter and the cooling demand in summer lead to an
increase in power consumption. Other electric loads in the hotel include guest

rooms, restaurants, and meeting rooms.

2.3. Load Curve

The operating current of the main transformer is 1500 - 1700 A in winter and
600 - 800 A in summer, as shown in Figure 1.

The hot water consumption is 2000 - 2400 kWh/day in winter and 1000 - 2000
kWh/day in summer, as shown in Figure 2.

3. Design of the Multi-Energy Complementary Distributed
Energy System

Figure 3 shows the overall scheme of multi-energy complementary distributed
energy system in Zhangjiakou [12]. The system is composed of multiple mul-
ti-energy complementary units, including parabolic trough photothermal sub-
system, waste heat recovery and heat pump integrated subsystem, hundred
kW-level wind energy heating subsystem, electrochemical electricity storage

subsystem and so on.
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Figure 1. Operating current of main transformer.
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Figure 2. Consumption of hot water.
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Figure 3. The overall scheme of MCDES in Zhangjiakou.

3.1. Trough Photothermal Subsystem

In order to achieve multi-energy complementarity, MCDES uses a trough pho-

tothermal system to decompose methanol into H, and CO syngas, drives a 500

kW internal combustion generator set, and provides high-efficiency power and

heat. The specific technical parameters are as follows:

o Electricity: a 500 kW internal combustion generator set, generating power of
500 kW and efficiency of 35.1%;

e Thermal energy of power exhaust: 250°C, 211.4 kW; 170°C, 293.3 kW; 90°C,
373.9 kW;

e Cylinder jacket water heat energy: 70°C - 90°C, 369.25 kW.

3.2. Waste Heat Recovery and Heat Pump Integrated Subsystem

In order to realize the cascade utilization of heat energy, the power waste heat

depth cascade utilization system is designed, and a low-grade waste heat driven

full heat recovery heat pump and an efficient compression heat pump are devel-

oped. The specific technical parameters are as follows:

e Electricity: cooling and generator power is 4.5 kW;

e Refrigeration inlet: water temperature < 20°C, flow rate > 15 m*/h;

e Absorption heat pump unit: temperature < 70°C, heating capacity is 210.5
kw;

¢ Four-stage compression heat pump unit: the heating temperature < 70°C, the
heating capacity is 249 kW, and the required power is 200 kW.

3.3. Hundred kW-Level Wind Energy Heating Subsystem

A hundred kW-level wind energy direct heating (cooling) system is designed,
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which can meet the needs of winter heating and summer cooling for 3000 m?

buildings in towns. The specific technical parameters are as follows:

e Heating capacity > 300 kW, wind energy utilization factor > 42%;

e Hot water outlet temperature > 60°C, cold water outlet temperature 5°C -
10°C.

3.4. Solar Cross Season Heat Storage Subsystem

Aiming at supplying heat to 3000 m? buildings in towns, solar tower heliostat
technology is used to gather heat, which includes 66 heliostats with a total area
of 760 m?, a heat absorber with a total height of 22.313 m, and a cylindrical con-
crete structure heat storage pool with an effective volume of 3000 m>.

3.5. Distributed Photovoltaic Power Generation Subsystem

In the multi-energy complementary distributed energy system, a 1 MW polysi-
licon photovoltaic power generation system is designed.

3.6. Electrochemical Storage Subsystem

In the multi-energy complementary distributed energy system, a 500 AH storage
system is designed. In addition, a smart control and display system is built for
MCDES.

3.7. Design of Energy Output

Based on the distributed energy system project designed above, Figure 4 shows
the power generation situation in winter and Figure 5 shows the heating situa-
tion in winter

As can be seen from Figure 4 and Figure 5, due to the uncertainty of hotel
load and the discontinuity of distributed energy, in addition to the inability to
carry out active control, there are also intermittent situations, which leads to in-
sufficient energy supply as well as the waste of oversupply. Therefore, energy
storage is a very critical link. The establishment of a 3000 m? cross-season ther-
mal storage cistern provides the necessary guarantee for the full and stable heat

use of the system.

4. Control Strategy of the Multi-Energy Complementary
Distributed Energy System

4.1. Control Method Selection

Due to the poor regularity of load changes in MCDES, it is difficult to carry out
active control, so the buffer intermediate cistern is selected for random real-time
control.

The operating time of the thermochemical power generation and heating sys-
tem can be extended, which is directly related to the selected gas storage tank. In
order to save investment, a 50 m’ gas storage tank can be used to extend the op-

eration for 2 hours.
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Figure 4. Power generation situation of DES project in winter.
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Figure 5. Heating situation of DES project in winter.

From the equipment operation principle and heating diagram, if the
four-stage compression heat pump unit is driven by photovoltaic power, it can
only operate during the day. Therefore, aiming at improving the controllability,
an electric drive method is used to increase the temperature.

Since the renewable energy supply in this system cannot fully meet the peak
load of the hotel, the system must be connected to the grid. Once the load in-
creases, mains electricity is still needed to supply power and to drive the electric

boiler to supply heat.

4.2. Real-Time Power Control

The multi-energy complementary distributed energy system adopts the
grid-connected operation mode without power injection. Under normal cir-
cumstances, after meeting the electricity demand of the hotel, the surplus electric
energy is first sent to the electricity storage part, whose capacity is small. In ad-
dition, hot water electric boilers or compression heat pump units can be started

to use other surplus electricity for heating.

4.3. Real-Time Thermal Control

There are many links and equipment for distributed heating in this system,
which are generally collected in the buffer intermediate cistern to supply heat to
the hotel. When the temperature of the intermediate cistern is too high, hot wa-

ter can be sent to 3000 m’ cross-season thermal storage cistern. When the tem-
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perature of the intermediate cistern is too low and the distributed energy supply
is unable to provide power, the hot water of the cross-season thermal storage
cistern can be drawn for supplementary heating. The cross-season thermal sto-
rage cistern is a layered pool with an upper water temperature of 50°C, which

can meet the heat demand of users such as hotels.

5. Conclusion

This multi-energy complementary distributed energy system performs real-time
measurement and control of all energy supply equipment to analyze the operat-
ing characteristics and data. For the stable, reliable, intelligent and efficient op-
eration of the system, a new type of active control strategy is proposed and an
overall system scheme suitable for towns is developed, which provides technical

support for the grid-connected operation in the future.
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