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Abstract. Airport is a typical integrated energy system in a park with various energy requirements. In this
paper, a multi-dimensional quantitative analysis of system performance indicators was conducted by using a
comprehensive weighting method based on the analytic hierarchy process (AHP) and anti-entropy weight
method. A distributed energy system evaluation matrix model was used to evaluate and compare different
integrated energy designs. The results showed that electric boilers would increase the primary energy ratio
and primary energy consumption than the ones caused by gas boilers. Also, energy storage devices could
significantly decrease pollutant emissions of integrated energy systems but would increase investment costs

and reduce the economic indicators of system solutions. In a word, the configuration with ice storage,
combined cooling, heating and power (CCHP), gas boiler, ground source heat pump (GSHP), air source heat
pump (ASHP), and absorption chiller had the best evaluation indicators.

1 Introduction

With the development of the Energy Internet, integrated
energy systems will become more complex and intelligent
with the in-depth integration of equipment, energy, and
internet information. It not only involves various energy
subsystems of power, heating, cooling, and gas, and
multiple energy conversion systems but also is closely
related to economic, environmental, reliability,
meteorological parameters, energy resources, and
topographic environment. The urgency of energy reform,
the geographical location of the energy system, the
contribution of society, and the energy policy of the
government play a decisive role in determining if
technological innovation and management improvement
of an integrated energy system are necessary.

Integrated energy systems break the existing pattern
that planning, design, and operation of various energy
supply systems such as power, gas, heating, and cooling
systems are separated. In the planning, design,
construction, and operation stages of the integrated energy
systems, a new regional energy supply system that makes
full use of renewable energy is formed through the
coordination and optimization of various sectors,
including the production, transmission, distribution,
conversion, storage, and consumption of various types of
energy [1-2]. The integrated energy system includes
different types of energy such as electricity, heat, gas, and
cold. The conversion and transmission characteristics of
each type of energy are different. For example, electricity
can be easily transmitted and converted while heat and
cold can be easily stored. In multi-energy networks, that
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energy sources can be coupled and complementary is of
great importance. The construction of an integrated energy
system can promote the consumption of renewable energy
and improve the efficiency of energy use, so reasonable
multi-energy planning is especially important. Shao et al.
[3] analyzed and studied multi-energy planning. Based on
each subsystem and with the power system as the core, the
characteristics of each subsystem were obtained so that the
energy sources could be utilized in a complementary
manner. Considering the operational safety constraints of
power grids and natural gas networks, a multi-stage joint
planning model with gas network and power grid coupled
was proposed in the literature [15] with the aim of
minimizing the investment cost and operation cost.

Meanwhile, a comprehensive evaluation of the new
regional energy supply system using multiple types of
energy is required to ensure the reliability, economic
efficiency, and cleanliness of the operation of the new
system. Hong et al. [4] established an evaluation index
system for smart parks from various dimensions such as
social, environmental, engineering, economic, and energy.
Wau et al. [5-9] used different weighting methods, such as
the projection pursuit method, to assign weights to the
indicators of different systems. At present, the research of
energy systems mainly focuses on design optimization
[10-14], and few studies were conducted on the post-
project evaluation of regional integrated energy systems.
Peng et al. [15] constructed a distributed energy system
evaluation system based on the IAHP-coefficient of
variance method, which could be used for the evaluation
of the design solution of regional integrated energy
systems.
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Currently, there are many studies related to the Energy
Internet, smart power grid, integrated energy system, and
system evaluation, but no system has been formed yet to
meet the needs of the industry. Therefore, it is necessary
to establish a comprehensive evaluation model through an
evaluation index system and corresponding quantitative
evaluation method for comprehensive multi-energy
utilization so as to make a comprehensive evaluation of
the energy system.

2 Comprehensive Energy System
Evaluation Model for Airports

2.1 Integrated Energy System Physical Model for
Airports

An “energy station + energy island” integrated solution
was adopted. A comprehensive energy station was set up,
and CCHP, ice storage, and gas boiler were used. Several
energy islands were installed in the terminal, and ASHP
was used. The main role of the ASHP system is to regulate
peaks and provide medium-temperature chilled water
(12°C) by taking advantage of the low valley electricity
prices when the local cooling demand is required at night.
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Fig. 1. Integrated Energy System of Airports

2.2 Airport Load Conditions

Take an airport as an example, its electric load is 117,500
kVA, and its heat and cold loads are shown in Table 1.

Table 1. Heat and cold loads.

Floor qud Cold Hetat Heat
Indicat Indicat Loa
Name Area Load/
Jkm? or MW or d/M
/W-m? /W-m? W
IT;r.‘E.nal 06 | 160 | 96 120 | 72
Termi urding
-nal
Reserved |, 160 32 120 24
Land
Ground
Transpor- | | 160 16 120 12
tation
GTC Centre
Parking
Building 0.23 90 20.7 100 23

The operating hours of the airport are generally all day
long, that is, from 0:00 to 23:00. The load between
different time periods varies greatly, and the loads of a
typical winter day and a typical summer day are shown in
Figures 2 and Figure 3. A typical winter day has a more

pronounced load segmentation in terms of the heat load,
and the heat load is mainly divided into two categories,
that is, the heating load and the hot water supply load. The
heat load changes significantly with time. The electric
load does not vary much throughout the day, which shows
a flat trend. Also, a typical summer day has a more
pronounced load segmentation in terms of the cold load.
Since the cold load is mainly provided by the electric
refrigerator or double duty chiller units, the electric load
and the cold load change in the same way.
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Fig. 2. Heat Load and Cold Load of a Typical Winter Day
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Fig. 3. Heat Load and Cold Load of a Typical Summer Day

2.3. Captions/numbering

To achieve the "multi-source optimization goal" that cold,
power, gas, heat, and other energy sources can be utilized
in a comprehensive and optimal manner, it is necessary to
start from three aspects of the Energy Internet, that is,
economy, energy, and environmental protection.
Therefore, this project established a two-level index
system from these three dimensions for the
"comprehensive evaluation" of intelligent energy
utilization in the park, as shown in Figure 4.



E3S Web of Conferences 245, 01022 (2021)
AEECS 2021

https://doi.org/10.1051/e3sconf/202124501022

Equivalent investment cost  (Type: Minimized)

Economy Maintenance expense (Type: Minimized)

Interaction cost (Type: Minimized)
Comprehensive
—

~ / CHICTOV Cf 1 ("Tvpe: inimize:
Optimization i Primary cnergy consumption (Type: Minimized)
Energy

Primary energy ratio (Type: Maximized)
. CO, emissions (Type: Minimized)
Environmental

protection

NO, cmissions (Type: Minimized)

Fig. 4. Evaluation Index System

According to the AHP, the multi-attribute index system
can be divided into two levels, in which "comprehensive
optimization" includes four aspects in the first level, that
is, economy, energy, environmental protection, and
reliability. Furthermore, each aspect of the first level
includes several second-level indicators with different
attributes.

This paper took economy, energy, and environmental
protection as the three first-level indicators. According to
the three first-level indicators, several second-level
indicators with different attributes were built, which
included equivalent investment cost, maintenance expense,
interaction cost, primary energy consumption, primary
energy ratio, CO, emissions, and NOx emissions. By
means of the three first-level indicators and seven second-
level indicators, the multi-attribute index system of
intelligent energy utilization in the park was established.

To establish the evaluation model of the integrated
energy utilization system in the park, weights should be
assigned to the first-level and second-level indicators.
According to the AHP, experts or decision-makers can
judge the relative importance of each first-level and
second-level index, so as to solve the subjective weight of
the index by using the quantitative value of relative
importance. To ensure the consistency of the decision-
making logic of experts or decision-makers, logical
consistency judgment is also required. The anti-entropy
weight method is then used to obtain the objective weights
of the indicators based on the normalized values of the
second-level indicators. To avoid the indicator weights
from being too objective or subjective, the linear
weighting principle is used to combine the obtained
subjective and objective weights, so as to calculate the
combined weight of the second-level indicators.

The combined weight can be obtained by means of
linear combination, which can be expressed as

;= ho; + Lo,
A+, =1 )

where o is the weight vector and 1, 1, are the linear
combination coefficients.

Obtaining the linear combined weights is to determine
the appropriate combination coefficients. On the one hand,
it can ensure that the generalized weighted distance
between all the solutions and the ideal solution is
minimized, that is,
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where f is the generalized distance between solution i
and the ideal solution.

On the other hand, the uncertainty coefficients of the
combination coefficients should be eliminated as much as
possible. According to Jaynes’s maximum entropy
principle, the obtained combined weight coefficients of
indicators determine the maximum value of the
information entropy H, which can be expressed as

MaxH ==Y (4 1n(4)+4,1n(4,)) 3)

By using a linearly weighted optimization method, the
following single objective can be constructed.
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where 4 is the equilibrium coefficient between the two
objectives, 0 <u < 1.

The Lagrange function can be constructed to solve this
single-objective optimization problem, and the linear
combination coefficients A; and A, are calculated as
follows.
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3 Evaluation of Integrated Energy
System Design Solution of Airports

3.1. System Design Solutions

In this section, five design solutions are selected for
comparison with one economic optimization solution, and
the specific composition of the six solutions is shown in
Table 2.
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Table 2. Font styles for a reference to a journal article.

Solution

Composition

1.No energy
storage solution (I)

Power grid + heat network+
CCHP + GSHP + gas boiler +
ASHP + direct-fired chiller

2.No energy Power grid + heat network+
storage solution CCHP + GSHP + electric boiler
(1) + ASHP + direct-fired chiller

3.Heat storage only
solution

Power grid + heat network+
CCHP + GSHP + electric boiler
+ heat storage device +ASHP +

direct-fired chiller
Power grid + heat network+
CCHP + GSHP + electric boiler

4.Ice storage only

solution + ASHP +absorption chiller+ ice
storage unit
5 Economic Power grid + heat netwgrk+
OI" timization CCHP + GSHP + gas boiler +
. ASHP + absorption chiller+ ice
solution

storage unit
Power grid + heat network+
CCHP + GSHP + electric boiler
heat storage device +ASHP
absorption chiller+ ice storage
unit

6.Heat and ice
storage solution

(1) No Energy Storage Solution (I) A

Electricity is mainly provided by CCHP and purchased
from large power grids. Heat is mainly provided by GSHP
and purchased from heat networks, and the remaining heat
demand is provided by gas boilers. Cooling is mainly
provided by GSHP, absorption chiller units, ASHP, and
direct-fired chillers.

(2) No Energy Storage Solution (II) B

Electricity is mainly provided by CCHP and purchased
from large power grids. Heat is mainly provided by GSHP
and CCHP and purchased from heat networks, and the
remaining heat demand is provided by electric boilers.
Cooling is mainly provided by GSHP, absorption chiller
units, ASHP, and direct-fired chillers.

(3) Heat Storage Only Solution C

Electricity is mainly provided by CCHP and purchased
from large power grids. Heat is mainly provided by GSHP
and CCHP and purchased from heat networks, and the
remaining heat demand is provided by electric boilers.
Peak clipping is carried out by heat storage devices.
Cooling is mainly provided by GSHP, absorption chiller
unit, ASHP, and direct-fired chillers.

(4) Ice Storage Only Solution D

Electricity is mainly provided by CCHP and purchased
from power grids. Heat is mainly provided by GSHP and
CCHP and purchased from heat networks, and the
remaining heat demand is provided by electric boilers.
Peak clipping is carried out by heat storage devices.
Cooling is mainly provided by GSHP, absorption chiller
units, ASHP, and ice storage units.

(5) Economic Optimization Solution E

Electricity is mainly provided by CCHP and purchased
from power grids. Heat is mainly provided by GSHP,
CCHP, and gas boilers, and purchased from heat networks.
Cooling is mainly provided by GSHP, absorption chiller
units, ASHP, and ice storage units.

(6) Heat and Ice Storage Solution F

Electricity is mainly provided by CCHP and purchased
from power grids. Heat is mainly provided by GSHP and
CCHP and purchased from heat networks, and the
remaining heat demand is provided by electric boilers and
heat storage devices. Peak clipping is carried out by heat
storage devices. Cooling is mainly provided by GSHP,
absorption chiller units, ASHP, and ice storage units.

3.2 Quantification of Evaluation Indexes of
Design Solutions

To evaluate the six solutions for decision making, a
quantitative analysis was conducted for the seven second-
level indicators above.

(1) Obtaining subjective weights based on the AHP

A first-level indicator matrix of order 3 and a second-
level indicator matrix of order 7 were constructed to judge
the relative importance of all these indicators. Based on
the judgment matrix of the first- and second-level
indicators, the subjective weights of each first- and
second-level indicator were obtained, which were shown
in Table 3.

Table 3. Subjective Weights of First- and Second-Level

Indicators
Indicators Subjective weight
Economy W, 0.413
First-level
indicators Energy W» 0.260
Environment W3 0.327
Equivalent
investment cost Wi 0.343
Maintenance 0308
expense Wiz
Interaction cost W13 0.349
Second- Primary ener:
level ty energy 0.504
. consumption Wz
indicators . -
Primary energy ratio 0.496
W2
CO2 emissions W31 0.519
NOx emissions W32 0.481

3.3 Comprehensive Evaluation of Design
Solutions

By substituting the normalized index values and the
obtained subjective weights of the first-level indicators
and the combined weights of the first- and second-level
indicators into the evaluation model, it could be obtained
that the evaluation value of the no energy storage solution
() was 0.217, the evaluation value of the no energy
storage solution (II) was 0.083, the evaluation value of the
heat storage only solution was 0.109, the evaluation value
of the ice storage only solution was 0.682, the evaluation
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value of the economic optimization solution was 0.963,
and the evaluation value of the heat and ice storage
solution was 0.754. According to the evaluation values of
the solutions, the solutions could be ranked as economic
optimization solution > heat and ice storage solution > ice
storage only solution > no energy storage solution (I) >

heat storage only solution > no energy storage solution (II).
1.0 4

0.8 4
0.6 4

0.4 4

Evaluation value

024F

0.0+

(3] (2 3) 4 &) (6)
Solutions
Fig. 5. Comprehensive Evaluation of System Solutions

Comparing the no storage solution (II) with the cold
storage only solution and the economic optimization
solution, we could see that the fuel cost decreased due to
the ice storage devices shifting the power consumption of
chillers during the electricity price peak. Besides, since the
cold load peak almost covered the two electricity price
peaks in summer, the fuel cost decreased more, resulting
in increased revenue.

Comparing the ice storage only solution with the
economic optimization solution and the heat and ice
storage solution, we could see that all three solutions used
an ice storage system that took advantage of low
electricity prices at night to store ice and release it at peak
electricity prices, which could greatly reduce gas
consumption and thus pollutant emissions compared to
direct-fired chillers. The economic optimization solution
used gas boilers instead of electric boilers (mainly coal-
fired), making the solution more economical and reducing
energy consumption and pollutant emissions.

4 Conclusion

For the integrated energy system in the airport project, this
paper established an evaluation model of different
integrated energy design solutions and completed the
comparison of six typical integrated energy solutions in
airports by using a comprehensive weighting method
based on the analytic hierarchy process (AHP) and anti-
entropy weight method.

The economic optimization solution can significantly
reduce the fuel cost through the combination of ice storage,
CCHP, and gas boilers, while the equivalent investment
cost of the heat and ice storage solution reduces the
economic advantage of this solution.

From the analysis of energy indicators composed of
primary energy ratio and primary energy consumption, the
configuration of electric boilers in the integrated energy
system will significantly reduce the system energy
indicators.

From the analysis of environmental indicators
consisting of pollutant emissions, energy storage devices
including heat and ice storage devices can significantly
reduce the pollutant emissions of the integrated energy
system.

This paper evaluated and analyzed the design solutions
of the integrated energy system in airports from multiple
perspectives, which provides design ideas for the
construction of the airport energy station with optimal
comprehensive indexes.
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