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ABSTRACT

The traditional cost estimation method of waste gas treatment in chemical enterprises has low accu-
racy and long time. To solve the above problems, this experiment proposed a method of waste gas
treatment cost estimation for chemical enterprises based on Discrete Choice Model (DCM). This
method first analyzed the waste gas treatment cost of chemical enterprises to determine the emis-
sion amount of main pollutants in the waste gas of chemical enterprises. After that, the experiment
determined the main components of waste gas treatment costs of chemical enterprises, which were
mainly divided into environmental protection equipment costs, maintenance costs and pollution pen-
alty costs. On this basis, a DCM was constructed to analyze the waste gas of chemical enterprises.
Meanwhile, the model was used to estimate the waste gas treatment cost of chemical enterprises.
The final experimental results showed that the accuracy of this method to estimate the waste gas
treatment cost of chemical enterprises could reach 90%, and the estimation time was short, and it was
feasible.
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1. Introduction

Environmental pollution has always been a concern in
our country. A good ecological environment is the well-being
of HP’s people and the basis for human health and survival.
However, with the rapid development of China’s economy,
various industries in China have been greatly enhanced, but
the ensuing environmental pollution problems emerge in
endlessly [1]. In recent years, there have been many sudden
environmental pollution incidents, causing economic losses
and destroying the stability of China’s ecological environ-
ment. Among them, chemical enterprises are an important
cause of environmental pollution and accidents, and the
waste gas produced in the production process of chemical
enterprises is the primary source of environmental pol-
lution. According to records, 80% of the sudden environ-
mental pollution accidents from 2004 to 2008 were caused
by the leakage and fire of toxic and harmful chemicals in

chemical-related enterprises, which not only caused huge
economic losses, but also caused irreversible environmental
pollution [2]. In order to improve economic benefits, chemi-
cal companies continue to reduce the cost of waste gas pollu-
tion, resulting in incomplete purification of the treated waste
gas and affecting environmental pollution. Therefore, with
the goal of protecting the ecological environment, it is urgent
to formulate a strategy to restrict the pollutant discharge of
chemical enterprises. At present, the environmental impact
assessment of domestic chemical enterprises mainly focuses
on the qualitative description of the concentration distribu-
tion of pollutants and the impact of pollutants [3]. Mainly by
comparing the operating cost and corresponding efficiency
of pollution control facilities, the result is used as the waste
gas treatment cost of chemical enterprises. However, this
method of cost estimation is not scientific. How to improve
the cost estimation of waste gas treatment in chemical enter-
prises and improve the efficiency of waste gas treatment
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in chemical enterprises has become a hot research issue in
this field [4]. DCM is a complex and advanced multivar-
iate statistical analysis technique for dealing with discrete,
non-linear qualitative data. It has good practicability and
is widely used in the fields of economics and sociology [5].
Therefore, this study introduces this model into the cost
estimation of waste gas treatment in chemical enterprises,
which is of great significance to the emission reduction of
chemical enterprises, and it is also a relatively innovative
attempt. The technical route of this paper is as follows:

® Determine the main pollutants in the waste gas of chem-
ical enterprises by analyzing the confirmation conditions
of the waste gas treatment cost of chemical enterprises,
and obtain the emission volume of the main pol-
lutants in the waste gas;

* Determine the main components of waste gas treatment
costs in chemical enterprises, and extract environmen-
tal protection equipment costs, maintenance costs and
pollution penalty costs, respectively;

® On this basis, the DCM is used to correct the waste gas
treatment cost of chemical enterprises, and the cost
estimation of chemical enterprise waste gas treatment
based on the DCM is completed.

e Experimental analysis;

¢ Conclusion and prospect.

1.1. Related work

There have been many scholars discussing the cost esti-
mation method of waste gas treatment in chemical enter-
prises. Guo et al. [6] proposed a cost control method for sew-
age treatment plant projects based on life cycle theory. This
method divided the sewage works of the sewage treatment
plant according to the degree of pollution by analyzing the
life cycle theory. At the same time, the method of cost control
and cost management was adopted to analyze the problems
existing in the project cost of the sewage treatment plant, and
the budget was reviewed, and the cost control system was
constructed to achieve the goal of cost control of the pollu-
tion treatment plant project. This method had high accuracy
in estimating the cost of sewage treatment in sewage treat-
ment plants. And this method was based on the whole life
cycle theory, which was theoretical and practical. Researchers
such as Shang and Fu [7] proposed a risk control method in
the investment estimation stage of water purification plants
and sewage treatment plants. The method was constructed
and implemented by using the method of social capital and
government cooperation (PPP). The model analyzed the rea-
sonable return efficiency of total investment on government
expenditure responsibility and social capital, and found that
overestimation or underestimation of investment would
bring great risks to the investment of government and social
capital. In addition, the experiment also analyzed common
investment risk factors in water quality evaluation, such as
design treatment process selection, building and building
estimation index selection, equipment and material cost
value, foundation treatment cost, etc. This method clarified
the processing cost by analyzing the processing risk, but
the cost estimation of this method took fewer factors into
account, resulting in lower accuracy of cost estimation. Zou

et al. [8] proposed a method for the accounting of green-
house gas emissions in the urban sewage treatment indus-
try and the analysis of temporal and spatial characteristics.
By analyzing the severity of greenhouse gas pollution in
cities and towns, the top greenhouse gases were subdi-
vided according to the degree of urban gas pollution, and
the scale and intensity of pollution control were analyzed.
Thereby slightly increasing the emission of gas pollution and
reducing environmental pollution. This method subdivided
gases into multiple types, which improved the accuracy of
estimation, but cost estimation requires more time.

DCM is widely used in various scientific fields by
researchers because of their strong practicability. Scholars
such as Guzman LA proposed a hybrid DCM to under-
stand the behavior of fare evaders to improve the fare eva-
sion problem in the global public transportation system. The
model took into account socio demographics, fare evasion
records, trip characteristics, and user satisfaction with public
transport systems, and used a unique method for estimating
stated preferences. The final experimental results found that
fare evaders on weekdays accounted for about 15%, which
verified the good practical value of the model [9]. Berbeglia
et al. [10] conducted an empirical study of different DCM
and estimation methods, including maximum likelihood
and least squares criteria. Experiments provided a large
amount of synthetic data, semi-synthetic data and real data,
and used the DCM to conduct a comparative study on these
data. The experimental results verified the predictive ability
of the DCM. Chen et al. [11] studied self-selection in DCM
using full information maximum likelihood procedures. The
program was able to maintain good performance for sample
sets in extreme cases. At the same time, the experiment also
used the “infinity identification” weight to identify the level.
In the end, the researchers applied the constructed model
to the selection of fishing locations, and the results showed
that the model had good predictive performance and was
of great economic significance.

In summary, the DCM has strong practicability, but the
existing methods for estimating the waste treatment cost of
chemical enterprises still have many deficiencies. Therefore,
this paper tries to combine the two, and proposes a method
for estimating the cost of waste gas treatment in chemi-
cal enterprises based on DCM. The method determines the
main pollutants in the waste gas of the chemical company
by analyzing the confirmation conditions of the waste gas
treatment cost of the chemical company, and obtains the
discharge amount of the main polluting gas in the waste
gas of the chemical company.

2. Study on the selection of main pollutants in chemical
enterprises and the treatment cost estimation model based
on DCM

2.1. Construction of waste gas treatment cost pollutant selection
model based on DCM

Waste gas treatment cost, as the cost of chemical enter-
prises to protect the natural environment, should meet the
traditional cost recognition conditions. However, due to its
particularity, the confirmation conditions should be sum-
marized in combination with environmental protection
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regulations [12,13]. Considering the characteristics of waste
gas treatment cost, the conditions for confirming the cost
of waste gas treatment are summarized as follows:

* Transactions or events leading to waste gas treat-
ment costs have indeed occurred. This is not only the
first condition of traditional cost recognition, but also
the first condition of environmental cost recognition.
Environmental cost is the outflow of economic benefits
of an enterprise, and its accounting performance is the
consumption of assets or the increase of liabilities.

e The transaction or event must be related to the environ-
ment. According to the connotation of environmental
cost, we can know that to recognize the expenditure of
a transaction or event as environmental cost, we must
first conform to its definition.

e The amount of cost incurred should be able to be reli-
ably measured or reasonably estimated. From an
accounting point of view, all economic events must be
able to be reflected in currency or reasonably estimated
before being recognized. For the confirmation of waste
gas treatment cost, part of the expenditure can be mea-
sured reliably, but a part of the expenditure related to
the environment cannot be accurately measured in the
current period. For this part of expenditure, it should be
estimated with the information model of environmental
economics and other related disciplines, and its value
should be estimated through the relevant model, and
internalized, and recognized as the environmental cost of
thermal power enterprises.

In the process of confirming the cost of waste gas treat-
ment in chemical enterprises, it is a research difficulty to
divide the capitalization and expense. Because different
accounting treatment will have a great impact on the cur-
rent and future financial performance of the enterprise,
which will have a negative impact on the enthusiasm of
enterprise environmental management activities. This
paper holds that the view of FASB is more in line with the
actual needs of chemical enterprises. That is, environmental
expenditure should meet one of the following conditions to
be capitalized:

® The cost of prolonging the service life of enterprise
assets, improving its safety or improving its efficiency;

* Reducing or preventing the occurrence of envi-
ronmental pollution is conducive to protecting the
environment;

® The necessary costs incurred before the sale of the
assets originally prepared for sale are of high value
and long service life.

Based on the above analysis, the confirmation pro-
cess of waste gas treatment cost in chemical enterprises is
summarized, as shown in Fig. 1.

The multivariate logit model is the most widely based
model among the DCM. The model is based on random
utility theory, and considers that various decision-mak-
ing schemes of decision makers are mutually exclusive,
complete and limited. The specific expression of the Logit
model is:

P, = 1)

where n represents a certain decision maker and j represents
a certain decision-making scheme. C, for the set of all deci-
sion alternatives, V_ select i the utility fixed term of the
decision tree alternative for the decision maker. n the pol-
lutants in the exhaust gas of chemical enterprises include
SOZV No, CO,, fly ash, suspended particulate matter, etc. In
chemical enterprises, the discharge of these exhaust gas
pollutants is the main factor affecting the cost of exhaust
gas treatment. In this paper, the types of pollutants in the
governance cost of chemical enterprises are determined by
obtaining the emissions of pollutants in the exhaust gas of
chemical enterprises.

e Calculation of sulfur dioxide emissions:

P, =2a,x&xK, (1-v, ) @)

50,

where a represents the coal consumption rate, kg/(kWh),
&, represents the sulfur content of coal-fired applications,
K represents the conversion rate of sulfur from coal to flue
gas, and v represents the desulfurization efficiency.

e Carbon dioxide emissions:
PCOZ =3.66a,x D, x KCO2 3)

where P~ represents the carbon dioxide emission and
K, represents the oxidation rate of carbon in the dye.

[«

e (Calculation of carbon monoxide emissions:

P, =020kgx107a, 4)

co

where P_ represents carbon monoxide emissions.

2.2. Construction of waste gas treatment cost estimation model for
chemical enterprises based on DCM

Based on the pollution emission which is the most likely
to exist in the chemical enterprise waste obtained above, the
waste disposal cost is obtained. Waste gas treatment costs
are the expenses paid by chemical enterprises to reduce
environmental pollution and engage in environmental pro-
tection activities, mainly including equipment investment
and annual operating expenses [14]. The costs of waste gas
treatment in chemical enterprises include: Project construc-
tion fee, unforeseeable fee, project Guoheng design fee and
other miscellaneous expenses. The annual operation and
maintenance cost mainly includes the cost of raw materials,
such as absorbent, industrial water, power, steam, fuel, etc.
This includes the cost of labor and the annual cost of over-
hauling and overhauling equipment.

The cost of environmental protection equipment in
the equipment installation cost of chemical enterprises is:



M. Wang / Desalination and Water Treatment 290 (2023) 266-273 269

Waste gas generation

-
< Does it affect the
~ environment

\\ N
P ’ Termination of
~ -
e confirmation

/// Will it affect the economic . N
~_ benefits of chemical
~ enterprises

\ /

<

o
/

/ \

<_ Will it affect the indirect outflow of

~_ economic benefits of chemical
~_ enterprises e
™~ -
™~ -
S~

—>—YpNot confirmed yet
-
~

Reserve funds for
waste gas treatment

<._Whether the capitalization
\:onditions are met P

/Y_> Capitalization
-

~
N _—

<L

l Prepaid

Included in
profit and
loss

v

Waste gas treatment cost

Fig. 1. Waste gas treatment cost confirmation process for chemical enterprises.

H,=m,x Ay ®)

where 1, denotes the sum of installation costs and construc-
tion and construction cycle interest on behalf of waste gas
treatment of chemical enterprises; A ., represents the finan-
cial recovery coefficient of waste gas treatment equipment
after installation in chemical enterprises.

After the installation of environmental protection
equipment, after a certain stage of waste gas treatment, the
equipment needs to be maintained regularly. At this time,
maintenance costs also account for a certain proportion,
environmental protection equipment maintenance costs are:

H, = Z":cj )

where o, represents the maintenance cost of type j envi-
ronmental protection equipment in a chemical enterprise.

In the waste gas treatment of chemical enterprises, it is
inevitable that the emission of polluting gases exceeds the
standard, and the relevant departments will fine them at
this time. This project is also a part of the waste gas treat-
ment cost of chemical enterprises. The cost of the waste gas
pollutant in chemical enterprises is:

(9,%G)) @)

where H_represents the emission cost of waste gas pollut-
ants from chemical enterprises, 8, represents the discharge
charge standard for the type i gas pollutant, G, represents
the total emission of waste gas pollutants.

The above are the main costs involved in the accounting
of waste gas treatment in chemical enterprises. Accounting
for it is conducive to improving the accuracy of the cost
estimation of waste gas treatment in enterprises, and it can
also better allow enterprises to choose a reasonable waste
gas treatment plan for treatment. The purpose of chemical
enterprises to calculate the cost of waste gas treatment is to
choose a treatment plan. This paper analyzes the utility of
cost accounting by choosing a discrete model to improve
the accuracy of waste gas treatment costs in chemical
enterprises.

Based on the above analysis, this paper further improves
the waste gas treatment of chemical enterprises by select-
ing discrete models. DCM is consistent with Lancaster
demand theory, that is, consumer choice is determined by
utility or value, and utility or value comes from a particu-
lar commodity or service attribute. Assuming that the total
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utility of an alternative can be represented by a utility equa-
tion, the scheme with large total utility is selected [15]. The
utility of waste gas treatment in chemical enterprises is an
important basis for cost estimation. It is assumed that the
utility of waste gas treatment in chemical enterprises consists
of two parts, namely:

G/. =F +¢g, (8)

where F, represents the observable composition of the utility
of waste gas treatment cost options in chemical enterprises
and the unexplained part of waste gas treatment costs in
chemical enterprises.

From the above analysis, it can be found that the choice
of chemical enterprises in the cost accounting of waste gas
treatment is not determined according to the actual scale
of public utilities, but is formed by comprehensive consid-
eration of factors. Due to the existence of random items in
waste gas cost accounting, chemical enterprise managers
cannot be very sure to predict the preferences of residents.
For all options, the cost treatment options are:

v, =8[(E+z)]>(F+5)v., )

Assuming that the random errors in the waste gas cost
control of chemical enterprises exist independently of each
other or are not related in the cost accounting scheme, there
will be certain limitations in the determination of the cost
accounting scheme [16-19]. At this time, on the basis of the
DCM, according to the Logit model, the cost estimation
scheme is estimated, that is:

ex pAL,

o, = A
D.exp
j=1

(10)

where L, = L(x,R) is the utility function representing cost
accounting, x, represents the vector of waste gas cost com-
position of chemical enterprises, R is vectors representing
environmental properties, A represents scale parameters,
usually its value is 1.

In the utility function L, there are many different forms
of representation function. In this paper, it is applied to the
waste gas cost treatment of chemical enterprises. Only the
simplest form of function is considered, that is, according
to the nature of the function. To improve the accuracy of
waste gas treatment in chemical enterprises, the waste gas
treatment cost plan [20-22] was determined, namely:

L=R+YaX/(i=12,..Nu=1.U) (11)

On the basis of the above utility function analysis, the
ultimate purpose of selecting the discrete model is to obtain
the unbiased estimation of the cost processing parame-
ter o a is used to explain the selection behavior and also
includes the marginal utility of the cost estimation attri-
bute. Therefore, to achieve the cost accounting estimation of
chemical enterprises [23-25], vector o needs to be rectified,
namely:

L=t+Y Dxs, +> aX +> a,xs, (12)
where 1 represents the constant term of the specified scheme
for waste gas treatment costs of chemical enterprises, X
is the attribute variable representing the selected set in
cost accounting, s, is Attitude variables representing social
environmental and economic variables.

3. Performance verification of waste gas treatment cost
estimation model of chemical enterprises based on DCM

In order to verify the scientific effectiveness of the pro-
posed method, simulation experiments are carried out. The
experiment was carried out by comparing the proposed
method, literature method, literature method and liter-
ature method [4-6].

3.1. Experimental environment and parameters

The object of the experiment is a small and medium-sized
chemical enterprise, which covers an area of 300 m? The
waste gas produced by its chemical products is more con-
sistent than that produced by the same industry. The exper-
iment was carried out on the MATLAB platform, and the
experimental data were collected and analyzed by SPSS 13.0
software. The specific experimental environment is shown
in Fig. 2. Fig. 2 shows the waste gas treatment instrument,
which includes the instrument battery, the instrument power
control device, and the instrument display platform. Waste
gas treatment instrument QL series UV photolysis waste
gas treatment equipment, its model is QLHB, the ignition
temperature is 10°C, and the treatment concentration is
1,000 mg/L.

The experimental parameters are shown in Table 1.

In the above experimental parameters and experimental
environment setting, a comparative method was adopted
to compare the proposed method, literature method, liter-
ature method and literature method [4-6]. The accuracy of
waste gas treatment cost estimation and the time of waste
gas treatment cost estimation were taken as experimental
indexes.

3.2. Analysis of experimental results of the model

3.2.1. Accuracy analysis of cost estimation of waste gas
treatment

To verify the scientific effectiveness of the proposed
method, the accuracy of waste gas treatment cost estima-
tion of the proposed method, literature method, literature
method and literature method is analyzed experimentally
[4-6]. The experimental results are shown in Fig. 3.

It can be seen from Fig. 3 that the accuracy of the four
methods of waste gas treatment cost estimation varies with
the number of iterations. Among them, the method pro-
posed in this paper and the method in literature has higher
cost estimation accuracy [4]. The method in this paper is
higher than that in literature [4], which can reach 90%. The
recognition rate of the method in literature is about 88% [4],
about 75% in literature [5], and about 72% in literature [6].
In contrast, the proposed method has the highest estimation
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Fig. 2. Experimental environment.

Table 1

Experimental parameters
Parameter Values
SO, emission concentration (Mg/M?) 200
NO emission concentration (Mg/M?) 300
Smoke (Mg/M?) 30
Sampling interval (S) 2
Number of iterations (times) 50

Estimation accuracy /%

' : The proposed method
BV 6 e d}“"‘“‘,h o Method of literature [4]
s o i_ r Method of literature [5]
i 1 T Method of literature [6]
] i I I i I I | ]
0 5 10 15 20 25 30 35 40 45

Iterations / times

Fig. 3. Comparison of accuracy of waste gas treatment cost
estimation.

accuracy. This is because the proposed method determines
the main pollutants in the waste gas of chemical enterprises
by analyzing the confirmation conditions of the waste gas
treatment cost of chemical enterprises, and obtains the emis-
sion of the main polluting gases in the waste gas. After the
experiment determined the main components of the waste
gas treatment cost of chemical enterprises, the cost of envi-
ronmental protection equipment, maintenance cost and

Waste gas treatment equipment

Equipment power control

Equipment power control

16 |—
—+—— Method of literature [4]
14— —4&— Method of literature [5]
—8— Method of literature [6]
12 ——The proposed method

Estimated time/ s

| | | |
5 10 15 20 25 30 35 40 45 50
Estimated times / s

Fig. 4. Time-consuming comparison of waste gas treatment
cost estimates.

pollution penalty cost were respectively extracted. On this
basis, the DCM is introduced to correct the waste gas treat-
ment cost of chemical enterprises, so it has higher accuracy.

3.2.2. Time-consuming analysis of waste gas treatment cost
estimation

In order to further verify the feasibility of the proposed
method, the experiment analyzed the waste gas treatment
cost estimation time of the proposed method, the method
in literature and the method in literature [4,5]. The exper-
imental results are shown in Fig. 4.

Experimental results in Fig. 4, it is not difficult to find
that the four methods all have a certain time-consuming
cost estimation, and there is a certain gap in the time-con-
suming process. Wherein the evaluation time of the DCM
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constructed in this paper is about 0.2 s; The evaluation time
of the method in is about 3 s [4]; The evaluation time of the
method in is about 2 s [5]; and the method in the evalua-
tion time of is about 1.8 s [6]. In contrast, the method con-
structed in this paper is much less time-consuming than the
experimentally selected references. Therefore, it is verified
that the method for estimating the cost of waste gas treat-
ment in chemical enterprises based on the DCM has supe-
rior estimation performance and strong practicability.

4. Discussion

The article discusses from the perspective of the cost
of waste gas treatment by chemical companies. In order to
enable chemical companies to ensure their own economic
benefits while dealing with waste gas emissions in a timely
manner, this article proposes a cost estimation method for
chemical companies to treat waste gas. The proposed method
is implemented based on a DCM. Compared with other cur-
rent cost processing and control methods, the method in this
paper has certain advantages. The pollution treatment cost
control method based on the life cycle theory in literature
also has good practicability [6], but it does not consider the
discharge and types of pollutants, and its overall method is
not comprehensive enough. The cost control method for sew-
age treatment in literature considers many risks [7], but the
factors considered for cost estimation are not enough, result-
ing in low accuracy of final cost estimation. In literature [8],
a greenhouse gas emission accounting method based on spa-
tio-temporal feature analysis is proposed. This method com-
prehensively considers the types of emitted gases, so you can
improve the accuracy of the overall estimation, but it does
not account for the time-consuming estimation. Advantage.
In contrast, this experiment method has the highest estima-
tion accuracy and is less time-consuming. The main reason
is that the method in this paper firstly determines the main
pollutants and their emissions in the waste gas of chemical
enterprises. After that, the cost of environmental protection
equipment, maintenance cost and pollution penalty cost in
chemical enterprises are explored. The DCM finally intro-
duced in the experiment corrected the cost of waste gas
treatment in chemical enterprises to improve the estimation
accuracy of waste gas treatment costs in chemical enter-
prises. Compared with the current waste gas treatment cost
control method, the DCM introduced by the method in this
paper is a relatively innovative measure.

5. Conclusion

Problem of low estimation accuracy in the cost account-
ing of waste gas treatment in chemical enterprises, which
leads to the increase of enterprise costs, this paper pro-
poses a method for estimating the cost of waste gas treat-
ment in chemical enterprises based on DCM. By analyzing
the conditions for determining the cost of waste gas treat-
ment, the main pollutants in the waste gas of chemical enter-
prises are determined, and the emission of main polluting
gases in the waste gas is obtained. The main components of
waste gas treatment cost in chemical enterprises are deter-
mined, and the cost of environmental protection equipment,
maintenance cost and pollution penalty cost are extracted,

respectively. On this basis, the DCM is used to correct the
waste gas treatment cost of chemical enterprises, and the cost
estimation of chemical enterprise waste gas treatment based
on the DCM is completed. Compared with the traditional
method, the cost estimation accuracy of the waste gas treat-
ment method proposed in this paper can reach 90%, which
has a certain degree of credibility. Using this method to esti-
mate the cost of waste gas treatment in chemical enterprises
takes a short time, about 0.2 s, which can improve work
efficiency to a certain extent. The results of this experiment
have basically achieved the purpose of the experiment, and
the proposed model can be applied to the actual accounting
of chemical waste treatment costs. In addition, this model
can also be applied to the field of waste pollution treatment
cost control in the civil aviation transportation industry to
a certain extent, and its application prospect is quite wide.
However, although the method proposed in this paper is fea-
sible at this stage, there are still some limitations. For exam-
ple, more consideration should be given to the factors of
exhaust pollution control, so as to further improve the accu-
racy of cost estimation. How to continuously improve the
processing cost estimation scheme of chemical enterprises
can become the next research direction.
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