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Abstract. With the development of society, people's demand for clean energy is constantly increasing, and
it is in this context that the concept of integrated energy systems was born. As the main component of the
energy internet, the integrated energy system is now considered to be the main form of energy operation in
the future of human society, and the synergistic optimization of different forms of energy can better enhance
energy utilization and achieve the effect of 1+1>2. The planning and design of the comprehensive energy
system will involve the data collation and characteristic analysis of energy types, so many factors should be
taken into account when planning the specific scheme and operation of the comprehensive energy system's
general access, different types of energy forms should be fully considered in the planning of the characteristics
of the energy, such as easy control of electrical energy, convenient production, but it is difficult for us to make
a decision within a short period of time under normal circumstances.

1 Introduction
Integrated Energy System (IES) is not a new concept[1],
because there are already practices related to the
cooperation and optimization of different forms of
energy[2], such as Combined Cooling Heating and Power
(CCHP) [3], which is to achieve the purpose of cutting
peaks and filling valleys through the cooperative
optimization of heat and electricity in CCHP[4], improve
the utilization efficiency of energy and make the
conversion between different forms of energy more
flexible[5].
The Ubiquitous Network literally refers to a
widespread network for the public and society, which is
characterized by omnipresence, omnipresence and
omnipotence[6], and is not limited by time, place,
personnel and other factors[7]. As one of the important
links in the strategic goal of "three types, two networks,
world class", the Ubiquitous Electricity Internet of Things
(IoT) focuses on each link of the power system and fully
applies modern information technology such as mobile
internet and artificial intelligence[8]. In addition,
advanced communication technology enables the
interconnection and human-computer interaction of all
aspects of the power system, providing intelligent and
convenient services for the planning of the integrated
energy system[9].

*

2 Key technologies for Integrated
Energy Systems
2.1. Triple supply of cooling, heating and
electricity
Combined Cooling, Heating and Power (CCHP) CCHP
not only meets the demand for electricity generation, but
the heat released will be recycled as a by-product to be
used as a heat source for space heating, water heating and
space cooling. Compared to a stand-alone heating and
power system, a CCHP system is more economically
efficient because it not only improves energy efficiency
and saves energy, but also reduces fuel and energy costs.
The combination of CCHP with renewable energy sources
such as biogas, for example, further promotes the energy
transition and contributes to the growing greenhouse
effect by reducing CO2 emissions, a potential that cannot
be ignored[10].
2.2 Energy conversion technologies
The application of this technology focuses on the effective
conversion of primary and secondary energy, which makes
the value of energy utilization compared to the past has
been greatly enhanced, including the common primary
energy involving bioenergy, wind and solar energy and
other renewable clean energy, secondary energy is mainly
electrical energy[11].
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2.3 Energy storage technology

Electricity

The energy storage technology in the comprehensive
energy system mainly serves different forms of energy, the
main technologies used are generally cold storage
technology, heat storage technology, gas storage
technology, electricity storage technology, four kinds of
energy storage technology applied in the comprehensive
energy system, energy storage is efficient and easy to
convert and cross-use between different forms of
energy[12].
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Fig1. Integrated Energy System planning diagram.

By understanding the current resources and economic
situation of the target region, we can realize the optimal
combination of multiple energy resources and the optimal
matching of multiple energy conversion technologies in
the region, so that the application of different energy forms
can be extended from point to point, from local to systemic,
and maximize the benefits.

3.3 Optimization model for integrated energy
system planning
3.3.1 Objective functions
In this paper, an integrated energy system planning and
optimization model is developed based on a fixed
investment, with the aim of achieving the lowest overall
cost, lowest carbon emissions, and highest overall energy
efficiency when the integrated energy system is oriented
towards ubiquitous access.
(1) Lowest annualized equivalent cost
The economic operating costs consist mainly of
annualized costs such as initial investment in equipment,
system operating costs, maintenance costs and
depreciation costs, with the following objective functions:
𝐹
𝐶
𝐶
𝐶
𝐶
𝐶
(1)
𝐶
is the annualized equivalent comprehensive cost;
𝐶
is the annualized cost of the initial investment in the
equipment; 𝐶
is the operating cost of the system; 𝐶
is the maintenance cost of the system; 𝐶
is the
depreciation cost of the equipment.
(2) Minimal carbon emissions
𝑓 𝜔
(2)
𝐹 = 𝑚𝑖𝑛𝐶 = 𝑃 𝜂
is the minimum carbon emissions; 𝑃
𝑚𝑖𝑛𝐶
and 𝑓
are the electricity and gas purchases of the
integrated energy system, respectively; and 𝜂
and
𝜔
are the CO2 emission factors per unit of electricity
and gas, respectively.
(3) Highest overall energy efficiency
𝐹
𝑚𝑎𝑥𝐸𝐶
(3)

3 Integrated Energy System planning
and design methodology
3.1 Design planning objectives
The planning and design objectives of comprehensive
energy systems should be determined according to local
conditions and needs, and should follow the basic
principles of safety, reliability and balanced supply and
demand, on the basis of meeting users' energy needs,
coordinating with the regional policy environment, market
conditions and energy structure, and adapting to the
overall economic and social development of the region,
not only from the economic perspective, but also from the
environmental protection and green perspective.
3.2 Build the theoretical framework of integrated
energy system
The comprehensive energy system is usually composed of
supply side, transmission side and demand side. In the face
of ubiquitous power IoT, the supply side equipment is
divided into independent equipment and coupled
equipment; the demand side includes electric load, heat
load and cold load. The integrated energy system planning
scenario constructed in this paper is shown in the
following diagram:

𝑚𝑎𝑥𝐸𝐶 is the maximum combined energy efficiency,
is the system electrical load, 𝑐𝑜𝑛
and 𝑐𝑜𝑛
𝑃
are the electricity and gas consumption, respectively, and
𝜂 is the conversion factor of natural gas to electricity by
heat.
3.3.2 Constraints
(1) Energy balance constraint
∑ 𝑃 𝑡
∑ 𝐻 𝑡
∑ 𝐿 𝑡

2

∑𝑃
∑𝐻
∑𝐿

𝑡
𝑡
𝑡

(4)
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Heat load/kW

Cold load/kW

Electric load/kW

𝑡 ,𝐻
𝑡 , and 𝐿
𝑡 are the customer's
𝑃
electrical, heating, and cooling loads, respectively; 𝑃 𝑡 ,
𝐻 𝑡 , and 𝐿 𝑡 are the power supply of equipment i,
the heating power of equipment m, and the cooling power
of equipment n, respectively.
(2) Physical constraints on equipment
𝑃
𝑃 𝑡
𝑃
(5)
𝑆𝑂𝐶
𝑆𝑂𝐶 𝑡
𝑆𝑂𝐶
𝑃
and 𝑃
are the minimum and maximum
power of device i, respectively; 𝑃 𝑡 is the real-time
and 𝑆𝑂𝐶
output of device i at moment t; 𝑆𝑂𝐶
are the minimum and maximum remaining energy of the
energy storage device, respectively; 𝑆𝑂𝐶 𝑡 is the
remaining energy of the energy storage device at moment
i.
3.3.3 Integrated Energy System planning scenario
constraints
(1) Investment quotas

𝐶
𝐶
(6)
∑ 𝐶 _𝑄 _
𝐶
𝐶
is the initial investment in the integrated energy
𝐶
is the maximum investment that the
system, 𝐶
integrated energy system can afford, 𝐶 _ is the
investment cost per unit of capacity of equipment i,
𝑄 _ is the planned capacity of equipment i, and 𝐶 is
the integrated energy.
(2) Energy interaction constraints
𝑷𝒈𝒓𝒊𝒅
𝑷𝒎𝒂𝒙
𝑷𝒎𝒊𝒏
𝒈𝒓𝒊𝒅
𝒈𝒓𝒊𝒅
(7)
𝒎𝒂𝒙
⌋
⌊𝑷
𝑷
𝑷𝒎𝒊𝒏
𝑵𝑮
𝑵𝑮
𝑵𝑮
𝑃
and 𝑃
are the minimum and maximum
values of the power exchanged between the grid and the
integrated energy system, respectively, and 𝑃
and
𝑃
are the minimum and maximum values of the
interaction between the natural gas grid and the integrated
energy system, respectively.
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Fig2. Annual thermal and thermal electrical load for 8760
hours.

4. Examples of models

Time/h

4.1 Basic data
In order to verify the validity of the integrated energy
system planning and optimization model in this paper, a
park in China is selected as a case study for simulation.
The annual power load, heat load and cold load are shown
in Figure 2, light and wind speed are shown in Figure 3,
the technical and economic parameters of the equipment
are shown in Table 1, and the performance coefficients of
the equipment are shown in Table 2.

Fig3. Annual wind speed, light intensity for 8760 hours.
Table1.

Equipment

Amount
invested in
equipment
（Yuan/kW）

Annual
operation and
maintenance
costs
（Yuan/kWh）

Fans

7600

0.0665

5000

0.00125

2000

0.05

8000

0.05

Photovoltaic
(e.g. cell)
Energy storage
battery
Ground source
heat pump

3

Technical economy of equipment
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Electric boiler

3000

0.3

Gas boiler

3000

0.05

200

0.7

3000

0.05

3000

0.36

200

0.05

Heat Storage
Tank
Conventional
refrigeration
units
Dual-state
refrigeration
units
Ice storage tank
Table2.

system planning for a quota investment is made to ensure
that this integrated energy planning model can ensure the
realization of economic, environmental, and social
benefits at the time of ubiquitous access.
(2) Optimization of multiple objectives such as
annualized equivalent integrated costs, carbon emissions,
and integrated energy efficiency and sensitivity analysis of
investment quotas are performed to arrive at the most
appropriate investment quotas for achieving various
benefits.
However, the planning method proposed in this paper
is only from the perspective of investors. With the
development of integrated energy system and the
continuous development and improvement of various
pricing mechanisms, the planned integrated energy system
in the future will be added to more optimization means in
order to get more economical and environmentally
friendly planning and allocation scheme.

Equipment performance factor.

Parameters
Electric boiler performance factor
Gas boiler heat generation
efficiency
Ground source heat pump
heating/cooling efficiency
Thermal storage tank filling and
discharging thermal efficiency
Energy storage charge/discharge
efficiency
Energy storage self-discharge rate
Performance factor for
conventional refrigeration units
Refrigeration coefficient for dualstate refrigeration units
Cold storage coefficient of dualstate refrigeration units
Ice storage tank charge/discharge
coefficient

Parameter
values
0.95
0.90
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4.2 Planning results analysis
Based on the above data, the Pareto method of solving and
sensitivity analysis of the indicators resulted in the
following: for the integrated energy efficiency in this case,
when the investment quota increases from $40 million to
$60 million, there is an upward trend; when the investment
quota increases from $40 million to $65 million, the
annualized equivalent integrated cost of the system shows
a downward trend; when the investment quota increases
from $40 million to $65 million, the annualized equivalent
integrated cost of the system shows a downward trend;
when the investment quota increases from $40 million to
$70 million, the carbon emissions of the system shows a
downward trend.
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4.

5.

5. Concluding remarks
This paper proposes an investment quota-based model for
integrated energy system planning based on the need for
efficiency of integrated energy system planning in the face
of a ubiquitous access to electricity grid scenario, with the
following contributions:
(1) A preliminary framework for integrated energy
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