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Abstract

In this paper, the intricate problem of optimizing power metering within an
intelligent energy system, utilizing a multi-objective optimization decision-
making algorithm, is thoroughly explored. Given the current energy land-
scape, achieving efficient energy utilization and environmental sustainability
has become a focal point of research. As a pivotal aspect of future energy
management, the precision and optimization of power metering in intelli-
gent energy systems directly influence the effectiveness and cost of energy
consumption. To begin, this paper delves into the fundamental principles
and application backdrop of intelligent energy systems, highlighting the
significance of power metering in such systems. Subsequently, addressing
the multi-objective optimization challenges in power metering, a novel opti-
mization method based on a multi-objective optimization decision algorithm
is introduced. This algorithm achieves comprehensive optimization of power
metering, encompassing multiple objectives such as power cost reduction,
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enhanced energy efficiency, and environmental protection. The experimen-
tal results underscore the remarkable performance of this algorithm, which
not only elevates the precision of power metering but also achieves sub-
stantial savings in energy costs and significantly boosts energy efficiency.
Furthermore, the algorithm exhibits robust adaptability, making it capable of
addressing power metering optimization challenges across diverse scenarios.
Finally, this paper discusses the practical application prospects of the opti-
mization algorithm in intelligent energy systems, and points out the direction
of future research. The research in this paper provides new ideas and methods
for the optimization of power metering in intelligent energy systems, and has
important theoretical and practical significance for promoting the intelligence
and refinement of energy management.

Keywords: Smart energy systems, multi-objective optimization decision
algorithm, power metering optimization, energy efficiency.

1 Introduction

Since the beginning of the 21st century, the rapid development of the indus-
trial economy has promoted the same rapid development of the energy
industry, and electricity, as the most important form of energy, is receiving
more and more attention and research [1, 2]. At present, the power industry
around the world is facing countless challenges, such as the diversity of power
generation methods, optimal scheduling of expensive resources, demand-
side response, energy storage, and reduction of overall industrial carbon
emissions. Under the current framework of conventional power grids, the
key problems mentioned above obviously cannot be solved. The existing grid
is essentially a one-way network, which can only convert one-third of fuel
energy into electricity and cannot reuse waste heat. About 8% of the output
power is lost on the transmission line and only 20% of the generation capacity
can cope with peak load requirements. In addition, due to the hierarchical
topology of resources, the existing power grid is prone to domino effect faults.
Smart grid integration technology and methods to realize the intelligent inte-
gration of energy structure. It supports stakeholder interaction and optimizes
energy trading and consumption [3, 4]. Smart grids possess the capability to
predict and mitigate faults, optimize operations, and streamline maintenance.
Serving as a complementary enhancement to existing power grids, they ele-
vate performance, enable organic growth, maintain compatibility with legacy
systems, and facilitate the adoption of cutting-edge technologies. At the core
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of their functionality lies the integration of components under intelligent
distributed command, while growth and innovation hinge critically on the
development of smart microgrids. As the research into smart grids deepens
and specific demonstration projects are implemented, the innovative concept
of the smart energy grid has gradually garnered widespread attention [5, 6].
The original intention of smart grid research is to better deal with global
energy shortage and environmental problems, promote the development of
renewable energy and optimize the energy structure of the current society,
so smart grid has a great correlation and interaction with heat, gas and
hydraulic energy. Although electric energy is the main energy used in the
current social development, it cannot exist independently. It must be con-
verted from other energy sources or converted into other energy sources in
order to be better used by people [7, 8]. Therefore, the in-depth research
and development of smart grids must have From the overall point of view,
this requires the establishment of a higher level of intelligent energy grid
for unified management. At the same time, the establishment of a complete
intelligent energy network will also pave the way for the large-scale access
of renewable energy and new energy in China in the future, so that renewable
energy and new energy can be used to a greater extent to optimize energy
allocation and achieve the goal of “by 2020, the proportion of non-fossil
energy in primary energy consumption in China will reach about 15%”. All
over the world, many countries have carried out research on intelligent energy
network. On September 25, 2009, the National Institute of Standards and
Technology (NIST) announced the “General Framework and Development
Roadmap of Intelligent Network Industry Standards” version 1.0 (draft),
which is the outline of the construction of intelligent energy networks in
the United States [9]. Soon after, on November 27, 2009, the “China Smart
Energy Network Development Model and Implementation Plan Project” was
formally initiated. The project successfully underwent internal review on July
15, 2010, and its findings were publicly disclosed both domestically and
internationally on August 5, 2010. These groundbreaking research results
garnered significant recognition and praise from esteemed organizations like
the International Smart Grid Alliance and the Smart Grid Working Committee
of the International Electrotechnical Commission, marking China’s leader-
ship in setting global standards for smart energy grids. Although countries
have established industry standards and development models related to smart
energy grids, compared with the research on smart grids, the research on
smart energy grids is in the initial stage, and there is currently a lack of
specific strategies for dispatching various energy sources. How to fully learn
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from smart grids the key to promote the research of the entire smart energy
grid is to study the rich and detailed research materials in order to study other
energy grids such as heat and gas.

2 An Overview of Intelligent Energy Network
2.1 Concept of Intelligent Energy Grid

At present, there is no unified definition of smart energy grid in the world.
Wu Jiandong, an energy expert in China, first put forward the concept of
intelligent energy network. He and his research group pointed out in the
“China Intelligent Energy Network Development Model and Implementation
Plan Project” that intelligent energy network is essentially an energy inter-
active network that includes various types of energy and has functions such
as production, supply and sales. Intelligent energy network needs to make
comprehensive use of advanced communication, sensing, energy storage,
massive data optimization management and intelligent control technologies,
and develop from a single intelligent power network framework of smart
grid to an intelligent network framework covering power, heat, water power,
gas and other energy sources. The goal of the smart energy network is to
transform the existing energy circulation system, establish a network archi-
tecture for multiple energy production, transmission, and exchange, so as
to improve energy utilization efficiency, and promote the evolution of the
existing one-way energy system to include multiple types of energy and two-
way the operating energy system enables energy consumers in the energy grid
to consume energy and sell energy.

In China, “China Intelligent Energy Network Development Model and
Implementation Scheme Project” puts forward a more specific and detailed
development model and implementation scheme for the development of
China’s intelligent energy network, mainly including four major systems,
eight major fields, ten-element process models and ten aspects of intelligent
energy network reform and application [10, 11], among which the priority
development of eight major fields and ten-element process models have been
strongly affirmed by the International Electrotechnical Commission.

Figure 1 shows flow chart of multi-objective optimization of intelligent
energy system. The topic pointed out that in the future, my country will
establish a smart energy grid that fully covers the water, electricity and
thermal industry, and has a higher level and larger scale than the smart
grid. Specific measures will be put on the agenda during the “Twelfth Five-
Year Plan” period [12, 13]. Different from the United States, my country’s
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Figure 1 Flow chart of multi-objective optimization of intelligent energy system.

model of establishing a smart energy grid can be attributed to a “command-
ing heights” model of large-scale system integration. This model needs to
bundle electricity, water affairs, heat, gas, and energy storage resources into
overall resources, and consider the construction of energy networks from the
perspective of overall energy. It is no longer treated differently and integrated
according to different types of energy such as electricity, gas, and heat. The
energy network design is carried out as a whole from the very beginning,
so that redundant construction can be avoided and the compatibility of the
energy network is better, which is conducive to development and growth [14].

Currently, the smart energy network demonstration city project in
Zhangjiang Park, Pudong, Shanghai, is in full swing. The primary objective
of this demonstration project is to establish a comprehensive smart energy
network industry chain and supporting industrial bases [15]. By the conclu-
sion of the 12th Five-Year Plan, the park aims to generate an output value of
30 billion yuan. Statistics from relevant departments indicate that upon the
completion of China’s smart energy network, the entire industrial chain is
anticipated to reach a staggering trillion-yuan scale.

To sum up, at present, most of the research on smart energy networks in
the world is at the level of macro theoretical research and industry standard
establishment. The actual engineering projects are mainly demonstration
projects. It can be said that smart energy networks are in the initial stage
of development, and many fields still need to be explored.

2.2 Basic Structure of Intelligent Energy Network

Due to the diversity of distributed energy types and the fact that electric
energy is not the only interactive energy, smart energy networks cannot
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be divided into AC micro-grids, DC micro-grids and AC and DC micro-
grids according to the different ways in which distributed power sources
are connected to micro-grids like micro-grids. Hybrid micro-grids and other
types generally need to be analysed in detail for the distributed energy
actually connected.

The intelligent energy network in the low-level area of Shanghai central
area involves three coupled energy quantum networks: electric network,
cold network and thermal network. The heat network includes oil-gas dual-
purpose boilers, ground source heat pump system heating part in winter and
triple-supply system heating part. The power network includes the mains
power connected to the periphery, the power supply part of the triple power
supply system and small wind turbines. The energy that the entire intelli-
gent energy network needs to be connected from the periphery is mains
electricity, diesel or natural gas consumed by boilers, and natural gas con-
sumed by the triple supply system. These energy sources are converted into
cooling and heating power through electric refrigerators, boilers and triple
supply systems. Transmitted within the network and supplied to users in
the building for use. It is a typical example of the intelligent energy net-
work. Therefore, the research on its optimal scheduling strategy can provide
certain reference and suggestions for the research on energy management
of the intelligent building subnet of the intelligent energy network in the
future.

2.3 Centrifugal Electric Refrigeration Unit

A refrigerator is essentially a device that transfers heat from a cooled object to
its surrounding medium, thereby achieving a colder temperature. Depending
on their operating principles, refrigerators can be categorized into four main
types: compression, absorption, steam jet, and semiconductor. Within the
category of compression refrigerators, we have further subdivisions based on
structural characteristics, such as piston-type, centrifugal-type, screw-type,
and rotary-type. Notably, the intelligent energy grid in the lower level of
Shanghai Centre exclusively utilizes centrifugal electric refrigerators [16].

This section delves into the operational mechanism of the centrifugal
electric refrigerator and establishes a correlation between its pivotal per-
formance indicator, namely the energy efficiency ratio, and two critical
factors: the cooling water inlet temperature (7,.) and power consumption
(Pjn)- This foundational understanding provides theoretical grounding for the
development of an economic model in subsequent chapters.
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Figure 2 Basic structure of centrifugal electric refrigerator.

2.4 Structure of Centrifugal Electric Refrigerator

Centrifugal electric refrigerators mainly consist of compressor, expansion
valve, evaporator, and condenser. Powered by electricity, they evaporate
refrigerant (usually water) in the evaporator to absorb heat for cooling.
The vaporized refrigerant absorbs energy in the compressor, transforming
into high-temp, high-pressure gas. This gas condenses back to liquid in the
condenser, then returns to the evaporator via the expansion valve, completing
the cycle [17, 18]. The whole system finally produces low-temperature chilled
water by consuming electric energy to supply users’ needs. Figure 2 below
depicts the basic structure of a centrifugal electric refrigerator.

The meanings of the parameters in Figure 2 are shown in Table 1, and all
parameters default to positive values.

3 Ice Storage System

As the social economy continues to grow and urban landscapes expand,
urban electricity consumption is also increasing at a remarkable rate. This
is particularly evident during peak hours, when thousands of households
turn on their air conditioners, causing the total load to surpass the grid’s
capacity, leading to frequent power outages that disrupt the daily lives of
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Table1 The meaning of the parameter

Parameter Name Meaning

P; Input electrical energy

Qc Condenser exchange energy

Qe Energy exchanged by evaporator

Te Condenser refrigerant temperature

T; Condenser cooling water inlet temperature
Tout Condenser cooling water outlet temperature
Te Evaporator refrigerant temperature

Tein Inlet temperature of evaporator chilled water
Teout Chilled water outlet temperature of evaporator
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Figure 3 Ice storage system structure.

urban residents. Conversely, during periods of low electricity consumption,
the urban load diminishes, resulting in a significant waste of power sup-
ply capacity. Such significant fluctuations in power load can lead to grid
frequency instability, compromising the grid’s stable operation. Given the
absence of energy storage devices on the grid side, it becomes necessary to
devise an energy management system on the user side to balance power loads
and achieve peak shaving and valley filling. This necessity gave birth to the
ice cooling system [19]. Figure 3 below shows the basic structure of the ice
storage system.

The four valves Vi, Vo, V3 and Vj in the figure above can form four dif-
ferent operating conditions of the entire ice storage system through different
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switch combinations. The chiller creates ice, and it works in tandem with the
dual-mode unit and the ice storage tank for cooling purposes. Alternatively,
the ice storage tank can function independently to melt ice for cooling, or
the dual-mode centrifugal chiller can provide cooling autonomously. It is
crucial to note that these operational modes are mutually exclusive; at any
given moment, the entire system can operate under a single condition only.
For instance, it is not feasible for the dual-mode chiller to produce ice
simultaneously while the ice storage tank melts ice. These operations cannot
occur concurrently.

3.1 Centrifugal Electric Refrigerator Model

According to the first law of thermodynamics, the formula (1) can be
obtained:

Qc = -Pzn + Qe (1)

The above formula reflects the basic energy relationship of the centrifugal
refrigerator, that is, a certain high-grade energy is given to the compressor,
and the compressor improves the energy grade through an equal moisture
process, so that the energy is transferred from the low-temperature body
(evaporator) to the high-temperature body (condenser), that is to say, the
refrigerator does not directly convert the input electric energy into cooling
output, but uses high-grade electric energy to transfer low-grade heat energy
from low-temperature objects to high-temperature objects, so the cooling
capacity obtained by the refrigeration mechanism can be greatly more than
consumed electric energy. Considering the process of constant moisture, there
is a formula (2).

Qc + qc o Qe + qe
T. T

In Formula (2), g. and g, are the heat loss of condenser and evaporator
respectively, which are mainly caused by internal losses such as liquid friction
between compressor and expansion valve, throttling loss of expansion valve,
deheating of condenser and heat leakage. The most important performance
parameter COP of a centrifugal electric refrigerator is defined as (3):

Qe
P;

2

COP =

3)

COP measures refrigeration efficiency, typically 2—8 for fridges. Higher
COP equals better efficiency and energy savings, with less power for more
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cooling. The formula (4) can be obtained by synthesizing the above formulas

(1), (2) and (3).
S R (%Tc - qc> o

cop - "T.To.\ T

For a refrigerator, the operating characteristics of the refrigerator are
usually described by the inlet temperature 7. of the condenser cooling water
and the outlet temperature Tout of the evaporator chilled water. Therefore, it
is necessary to convert the refrigerant temperature Tc of the condenser and
the refrigerant temperature Te of the evaporator in the formula (4) to obtain
the formula (5).

m , Qe
T, =TM" 4+ =<
e=1c ¥ M,
0 &)
T, =T — —Mi

In formula (5), Mc and Me are the heat exchange coefficients of the
condenser and evaporator, respectively, and they are substituted to obtain (6).

1 Tin 4 Qe 1 [ (Tcm + Ji%)
cop - Yt oem e to | e @ & 6)
Tout — 3 Qe Tou —

As you can see, the formula mentioned earlier is quite intricate. Then
according to the experimental data points, the COP can be fitted into the
function of the cooling water inlet temperature 7}, and power consumption
P, as shown in (7). _

COP = f(T}", Py,) 7

After obtaining the COP characteristic fitting function of the cooler used,
according to the current electricity price policy, the economic model of the
electricity cost required by the cooler in the corresponding period of time can
be established, and the economic optimal scheduling of the entire network in
steady state can be further carried out.

3.2 Ice Storage System Structure

During periods of low power consumption, the ice storage system efficiently
utilizes excess power capacity to create and store ice in its designated storage
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Figure 4 Power metering error distribution map.

device [20]. Then, during peak power consumption hours, the system releases
the stored cold capacity by melting the ice, thereby reducing the peak
power load on the grid. This innovative approach not only helps balance
power demand but also signifies the advancement direction of the current
air-conditioning industry, truly embodying the concept of peak shaving and
valley filling.

Figure 4 shows power metering error distribution map. Ice storage system
includes dual-mode fridge, ice tank, and heat exchanger. Fridge serves as cold
source. As its name suggests, it differs from the traditional centrifugal electric
refrigerators mentioned earlier. The standard air-conditioning refrigeration
mode and the supplementary ice-making refrigeration mode. When operating
in the ice-making mode, the chiller efficiently produces chilled water at a
reduced temperature, effectively supporting the freezing process for cold
storage [21]. Concurrently, the ice storage tank serves as an energy storage
device within the ice storage system. The specialized medium within the tank
has the ability to solidify, thereby storing cold capacity, or liquefy, releasing
cold capacity. This allows for the flexible transition between energy storage
and energy release states of the entire system. The plate heat exchanger serves
as the conduit for the ice storage system to exchange cold energy with the
external chilled water network [22]. It is made of many metal sheets, and the
channels for liquid flow are formed between the metal sheets. The chilled
water supplied by the ice storage system and the cold water from the external
network exchange heat through the metal sheets, and the heat recovery
rate can reach more than 90%. Table 2 below shows the correspondence
between the operating conditions of the ice storage system and the switching
conditions of the four valves.
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Table 2 Operating condition of ice storage system

Operating Condition Open Valve  Regulating Valve  Close Valve
Ice Making of Centrifugal Chiller with Va, Vi / Vi, V3
Dual Working Conditions

Combined Cooling of Dual Working 1 Vi, Vo, V3, Vy /
Condition Unit and Ice Storage Tank

Ice storage tank melting ice for separate / Vi, Vo, V3 Vy
cooling

Separate cooling of centrifugal chillers % Vs, Vi Vs

with dual working conditions
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Figure 5 Cost-effectiveness analysis under different optimization strategies.

4 Dynamic Scheduling Strategy of Intelligent Energy
Network Based on Distributed Predictive Control

4.1 Overview of Distributed Predictive Control

Different from the traditional control theory, these algorithms take the step
response or impulse response of the control object as the model, use the
rolling optimization method to calculate the optimal value of each sampling
point of the control quantity in a certain time domain and implement the
control effect on the system. This control method shows good control effect
in the complex industrial process that is difficult to accurately model [23].
Subsequently, in 1978, Richard analyzed the cause, principle and actual
control effect of this kind of algorithm in detail, so Model Predictive Control
(MPC) was born as a new control theory.

Figure 5 shows cost-effectiveness analysis under different optimization
strategies. Compared with the traditional control theory, model predictive
control has the following important characteristics: (1) It does not completely
rely on the precise mathematical model of the controlled plant, and can adopt
traditional transfer functions, state equations, and non-parametric models
such as step response or impulse response; (2) Industrial systems under model
predictive control have better performance under uncertain disturbances, that
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Figure 6 Comparison of the convergence performance of the multi-objective optimization
algorithm.

is, excellent robustness; (3) The mathematical form of the model predictive
control algorithm is simpler, and it is easier to implement the algorithm for
industrial computers.

Figure 6 shows comparison of the convergence performance of the multi-
objective optimization algorithm. Although there are many kinds of model
predictive control algorithms, the specific ideas can be summed up in three
parts: predictive model, rolling optimization and feedback correction [24].
Predictive models form the foundation of predictive control. Model predictive
control focuses on the control sequence within a specific control time domain,
utilizing these models to calculate the output at each sampling point across
a predetermined predictive time domain in the future. At the heart of this
process lies rolling optimization, which serves as the crucial component of
model predictive control. It takes a certain index of the system as the control
requirement [25]. Usually, the minimum sum of the variance of the index of
the control object and the expected trajectory deviation in the prediction time
domain is used as the goal of the entire optimization problem [26]. In sum-
mary, model predictive control is a model-based, rolling implementation
combined with feedback correction optimal control algorithm [27].

Figure 7 shows convergence analysis of multi-objective optimization
decision algorithms. In practical industrial applications, model predictive
control can predict future changes of the plant through the impulse or step
response sequence of the controlled plant and can naturally introduce process
time delays. For multivariable systems, it can obtain better control effects
than conventional control methods [28]. In large-scale systems, traditional
model predictive control derives from the form of distributed predictive
control (DMPC) [29]. The large system is decomposed into multiple sub-
systems, and the data between the subsystems communicate with each other.
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Each subsystem uses the data of itself and other subsystems to complete
its own MPC problem solving, which significantly reduces the amount of
calculation and can Reach the optimal state of the entire system. According
to the characteristics of distributed network structure in industrial field, the
researchers formulate a distributed predictive control algorithm based on
Nash optimization, and discuss the information interaction problem of this
network structure.

Figure 8 shows cost-effectiveness analysis under different optimization
algorithms. Drawing upon the aforementioned coordination method for cou-
pled systems, this chapter delves into the dynamic optimization of distributed
systems that feature coupled objectives yet possess uncoupled subsystems.
The objective is to ensure that the entire system operates in an efficient
and economical manner, while upholding the prerequisite of satisfying the
total predicted cooling load. Figure 9 illustrates the stability assessment of
intelligent energy systems.
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Figure 9 Stability assessment of intelligent energy systems.

4.2 Design of Distributed Predictive Control for
Multi-Refrigerator Cooling System

Conventional electric refrigerator and ice storage system combined control
strategy is divided into upper and lower layers. The upper layer economic
optimization strategy is mainly introduced in chapter three. According to
the predicted load data, the power of each electric refrigerator under air-
conditioning and ice-making conditions and the cooling power of the ice
storage tank are calculated in steady state operation. In order to make
the entire system electricity cost the lowest. In the lower-level dynamic
performance optimization strategy employing distributed predictive control,
we consider the inherent dynamic process involved in the actual start-up
of electric refrigerators. As such, each electric refrigerator utilizes model
predictive control (MPC) to determine the real-time cooling power setpoint.
The expected value for this cooling power is derived from the upper-level
strategy, representing the steady-state cooling power setpoint of each refrig-
erator under specified air-conditioning conditions. In order to overcome the
shortcomings of centralized control, such as huge calculation, high time and
high cost, this chapter uses DMPC to coordinate the control quantities of each
sub-controller, and all MPC data interact in real time, so that each electric
refrigerator can track the expected value of cooling and the total cooling
power can track the total expected value [30]. The electric refrigerator that
is not used or the electric refrigerator in the ice-making working condition
directly skips the dynamic control. The dashed line network is the data
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Figure 11 Power measurement optimization before and after the comparison.

transmission channel between the subsystems MPC. Figure 10 shows energy
system stability assessment.

4.3 Dynamic Model of Electric Refrigerator

The lower control system is divided into N subsystems according to the
number of electric refrigerators under air conditioning conditions. Each
subsystem is composed of MPC and corresponding controlled electric refrig-
erators. The data of different subsystems MPC are exchanged in real time by
a communicator to complete the calculation task, so that the cooling power
of each electric refrigerator under air conditioning conditions can track the
expected value and the total cooling power can track the total expected value.

Figure 11 shows power measurement optimization before and after the
comparison. The fridge’s refrigeration power approximates a first-order
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system response. Its step response time is four times its time constant,
estimated using startup time. Considering the delay in the actual control
system, the transfer function of the process when the refrigeration power of
the electric refrigerator reaches the set value is shown as (8).

1

H(s) = e ™ ®)

d is the first-order inertia link time constant and e is the delay time, then the
discrete state space model form of the s-th subsystem is shown as (9).

xs(k+ 1) = Aszs(k) + Bsus(k)
ps(k) = Cs$s(k) )
s=1,2,....N

Where u(k) is the set value of the output power of the electric refrigerator
at time k, that is, the optimization variable of the following optimization prob-
lem, p(k) is the actual output power of the electric refrigerator at time & + 1,
and x is the multiple of the delay time of the electric refrigerator relative to the
sampling time of the discrete system. x(k) = [p, (k)p, (k+1)...p(k+n)]is
a state variable. A is determined by the sampling time and the time constant
of the electric refrigerator. If the sampling time is A, there are (10) and (11)
formulas.

0 1 0
A, = 0o o0 - : (10)
Do
0 0 e—At/T
Bi=1[0 - 0 1—eatm]" an
Co=[1 0 - 0]

5 Research Conclusion

This paper first introduces the defects of the current conventional power
grid and the advantages of the next generation smart grid, and leads to
a higher level of smart energy grid concept including electricity, heat,
hydraulic, gas and energy storage by the in-depth research and development
and implementation of smart grid. Subsequently, the development model and
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implementation plan of China’s intelligent energy network are elaborated
in detail according to the content of the “National 12th Five-Year Plan for
China’s Intelligent Energy Network Development Model and Implementa-
tion Plan Project”. Given the intricate and varied energy components of
the intelligent energy network, effectively managing and dispatching these
various energy sources to ensure the network’s overall efficiency represents
a pivotal technology. Upon reviewing domestic and international research in
the realm of smart energy grids, it becomes evident that, in comparison to the
research on smart grids, the study of optimal dispatching in intelligent energy
networks is still in its infancy. Furthermore, there is a paucity of research
focusing on the optimal dispatching of other energy sources, such as heat and
gas. This paper takes the intelligent energy network in the low-rise area of
Shanghai Center as a case study, and conducts a detailed study on the optimal
dispatching method of the intelligent energy network in the actual high-rise
building.

The research in this paper starts from the operating characteristics and
control methods of the distributed energy sources at the bottom of the intelli-
gent energy network, and then analyzes the optimal scheduling strategy of the
intelligent energy network from the perspectives of steady state and dynamic
state. The main work and innovations can be divided into the following three
aspects:

(1) The basic working principles and control methods of distributed energy
sources in the intelligent energy grid in the lower level of Shanghai
central area are analyzed and studied. Conventional electric refrigera-
tors, ice storage systems, fans and combined cooling, heating and power
systems are emphatically introduced. The model of power consumption
of conventional electric refrigerators with respect to refrigeration power
and cooling water inlet temperature is established. The control strategy
of grid-side and machine-side converters of wind turbines is expounded.
The energy flow and management model of combined cooling, heating
and power systems is explained by graphs and formulas.

(2) The steady-state economic dispatch strategy of intelligent energy net-
work is put forward. According to the supply source of electric load,
cooling load and heat load of intelligent energy network in the low-level
area of Shanghai center and the actual distribution energy allocation sit-
uation, the steady-state dispatch is simplified, and the dispatch problem
of conventional electric refrigerator and ice storage combined cooling
system is mainly studied. Continuous variables are utilized to quantify
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the output power of the electric refrigerator, while discrete variables
represent the start-stop states of the refrigerator and the ice storage tank.
To this end, the concept of the average cooling price of the ice storage
tank is introduced, enabling the establishment of an economic model for
the joint cooling system. This, in turn, forms a mixed integer mathemati-
cal programming problem. The economic value of the strategy is verified
by using the branch and bound algorithm in Matlab environment.
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