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In the context of “double carbon,” waste disposal has become a critical issue so far, and how to deal with it is the key to ensuring compliance with the double carbon target, the most practical treatment is still incineration, and how to establish the site selection and legal compensation mechanism is crucial. This paper establishes an environmental dynamic monitoring system for waste incineration power plants based on the Gaussian model and successfully solves the health risk of surrounding residents. Regarding the economic compensation issues, we first applied the AHP to analyze the pollutants comprehensively, constructed the judgment matrix, and conducted a consistency test, determined the weight of each index, and integrated various emissions into one pollutant, which is convenient for the concentration of pollutants. Then, by taking into account the effects of wind direction, rainfall, topography, and other factors on the diffusion of pollutants, we calculated the pollutants around the waste incineration power plant site based on the “elevated continuous point source” “diffusion model.” To obtain the concentration distribution, monitoring points were set up at representative locations, and the environmental monitoring system of the waste incineration power plant was established. Finally, Matlab software was used to draw the contour map of pollutant concentration, and the concentration level of pollutants was divided according to waste incineration. Given the income of the power plant, the economic level of the surrounding residents, the amount of compensation from the local government, and the pollution level, economic compensation plans for the surrounding residents were developed. Through analyzing the proposed compensation scheme, it can be known that the compensation scheme can satisfy the surrounding residents. The highlights of this paper can be described as follows: First, the analytic hierarchy process is used to comprehensively consider the pollutants, simplifying the establishment process of the model. Second, the pollutant concentration is graded, and the concentration equivalent map is drawn to make the monitoring point layout more representative. The economic compensation plan is more reasonable and more convincing to the public.
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Introduction

On September 22, 2020, President Xi Jinping announced at the 75th General Assembly General Debate that China will increase its national contribution, adopt more robust policies and measures, and strive to peak its carbon dioxide (CO2) emissions by 2030 to achieve carbon neutrality by 2060. Carbon neutrality is a comprehensive goal that involves all sectors of the national economy and the whole process of social reproduction. Strong measures are needed to achieve peak and carbon neutrality, including source reduction, energy substitution, energy saving and efficiency improvement, recycling, process transformation, carbon capture and utilization, and other means. Achieving carbon peaking and carbon neutrality is a dynamic process that involves all aspects of society, including the transformation of energy technologies and production methods, the transformation of economic development methods, and the transformation of lifestyles. Compared with traditional sanitary landfills, waste incineration reduces the amount of CH4 and CO2 generated during landfill degradation, while incineration serves as an alternative to fossil fuels through resource utilization. In a region where incineration replaces landfills, it can be said that domestic waste disposal has achieved carbon peaking (Dongyue and Guangwei, 2021; Yanqing et al., 2021; Liu et al., 2022; Naqvi et al., 2022).

The “garbage siege” is a global problem, particularly prominent in today’s China. In 2012, the national municipal solid waste transportation volume reached 171 million tons, an increase of 13 million tons over 2010. The data shows that more than two-thirds of the cities in the country are facing the problem of a “garbage siege,” and the landfill has accumulated a total of 750,000 mu of land. Therefore, waste incineration has gradually become one of China’s primary means of garbage disposal. Municipal wastes are sorted and treated, the recyclable and harmful garbage is removed, and the remaining garbage is incinerated in an incinerator, which can avoid encroachment on a large amount of land and generate electricity and obtain a considerable economy via waste incineration. Benefit, However, due to various reasons such as poor government supervision and short-sighted investors, the waste incineration power plants built in various places have experienced increasing environmental pollution problems over the past few years, which significantly inhibits the promotion of waste incineration technology in China. The location selection of new waste incineration plants in the city has been increasingly difficult due to opposition from residents (Fan, 2018; Pu and Li, 2018; Wang, 2018; Yang et al., 2018; Yu et al., 2018).

The risk of environmental pollution caused by waste incineration plants is directly related to the scale of construction investment and the intensity of operational supervision. Due to the lack of scale effect, pollution control will also affect small-scale waste incineration plants, resulting in severe pollutant discharges, difficulty meeting new national emission standards, and a more significant environmental hazard. With the increase in urbanization level, land resources are becoming increasingly tense, and residents’ living standards are gradually increasing, and their environmental awareness is becoming stronger. Many public waste incineration projects have been publicly investigated during the EIA phase. The location selection of incineration plants is also becoming more and more difficult. Some of the completed waste incineration plants have sufficient environmental protection distance before the urban area planning. However, as the surrounding residents and factories are gradually approaching the waste incineration plant, some of the built incineration plants exert a particular impact on the surrounding environment. Residents around the incineration plants are accumulating and expressing their dissatisfaction. This phenomenon has seriously damaged the image of the waste incineration industry and even concealed its environmental benefits of waste reduction and resource utilization. Therefore, the location selection of existing urban waste treatment facilities is becoming more and more difficult. Currently, major cities in China are now tempted to replace small-scale incinerators with new large incinerators. However, large incineration plants have problems such as the high cost of garbage transportation and road construction. Therefore, studying the scale of construction of large incineration plants in different cities is worthwhile. In the operation supervision of waste incineration plants, measurement and monitoring are mainly carried out in waste incineration plants, and there is a lack of peripheral dynamic monitoring from the perspective of the surrounding environment. Therefore, forming an effective environmental monitoring system for all waste incineration plants is difficult (Cao and Zhang, 2017; Chen, 2017; Song and Gao, 2017; Wei, 2017; Wei and Wen, 2018; Zhang et al., 2021).

Environmental compensation is an essential manifestation of social equity. The location of urban waste treatment facilities in the provision of garbage disposal services for the entire city will inevitably impact the local environmental quality. The essence of this problem is the damaged areas in the urban development process, while other areas transport the garbage out of the local area and protect it. At the same time, the land is used for economic development to obtain income, and its essence is that the beneficiary is in the process of urban development. The environmental compensation mechanism can improve social equity to a certain extent, not only to compensate for the psychological damage caused by the construction of sanitation facilities in the local area but also to compensate the residents for their reduction in economic income due to the use of land for sanitation facilities. Generally, the degree of opposition to the construction of sanitation facilities will naturally also decrease, so it is essential to establish an environmental compensation mechanism (Han, 2017; Li et al., 2017; Lu, 2017; Ma and Tsai, 2017; Qian et al., 2017; Zhao and Ren, 2017; Zhao et al., 2017; Ma et al., 2018).



Analysis of issues

Shenzhen plans to build a medium-sized waste incineration plant with a planned waste disposal capacity of 1,950 tons per day (including three incinerators capable of handling 650 tons of waste per day, with a smoke outlet height of 80 m, operating 24 h a day). To meet the need to build a dynamic monitoring system for the environment and make reasonable economic compensation for the surrounding residents based on potential pollution risks, relevant departments hope to comprehensively consider various factors that cause environmental pollution as well as hazards to the surrounding waste incineration plants (for example, incinerators). With consideration of the discharge amount of pollutants, the distance from the residential zone to the waste incineration plant, the wind direction, the weather conditions such as rainfall, the topography and the occlusion of the building, etc., a feasible dynamic monitoring and evaluation method is established based on scientific quantitative analysis to investigate the environmental impacts of waste incineration plants. A reasonable economic compensation plan is developed for potential environmental risks.

It is assumed that the emission of incinerators meets the national new pollutant discharge standards, and an environmental indicator monitoring method is designed according to the surrounding environment of the waste incineration plant to realize the reasonable emission of flue gas from the waste incineration plant. Based on the actual monitoring results of the designed environmental dynamic monitoring system, a rational risk-bearing economic compensation scheme for surrounding residents’ is designed.

In the question, the emission of the incinerator is assumed to meet the national new pollutant discharge standards. Under this premise, it is necessary to comprehensively consider factors such as pollutant discharge amount, the distance from the residential area to the waste incineration plant, the wind direction, the rainfall, the topography, and the occlusion of the building. A feasible environmental monitoring system is established to determine the degree of building occlusion on the air’s concentration and spread of pollutants. An economic compensation plan is developed for the surrounding affected residents. First, each influencing factor should be analyzed according to the data given.

Since the environmental indicators are detected as atmospheric pollutants, and there are many kinds of incinerator emissions, this paper intends to integrate multiple pollutants into one kind of emission to facilitate the calculation of emission concentration and the establishment of the evaluation system. Then, comprehensively considering the above factors, the model is built according to the site selection of waste incineration power, and the distribution of pollutant concentration around the waste incineration power plant is obtained. Monitoring points are set up at representative locations, and waste incineration power generation is under monitoring is realized. An economic compensation plan is developed for the surrounding residents by grading the pollutant diffusion concentration. Finally, the environmental monitoring system is evaluated in terms of its effectiveness, pertinence, and accuracy.



Model assumptions and symbolic descriptions


Model assumptions








	

	(1) Hypothesis 1: According to the hypothesis SPD, the average wind speed in 10 min is the average wind speed per day and is the average wind speed at the exhaust port;









	

	(2) Hypothesis 2: According to the topography and geomorphology around the site, the atmospheric stability is assumed to beClevel;









	

	(3) Hypothesis 3: Assume that the contaminant concentration is y, z, and the direction distribution is a normal distribution;









	

	(4) Hypothesis 4: It is assumed that the contaminants are conserved during the diffusion process.





Model preparation

Before solving the problem, we first searched the website of the Shenzhen Meteorological Bureau. We obtained the wind direction and rainfall data at the waste incineration power plant site from 2011 to 2012. Then, EXCEL software was used to process the data. Finally, Google Earth software was applied to obtain information on topography, settlements, and buildings within a range of 1,000 m around the location of the waste incineration power plant.


Meteorological data of Shenzhen City in 2011–2012

In addition to the data on wind speed and wind direction shown in Annex 4, we also searched from the website of the Shenzhen Meteorological Bureau and found the average annual rainfall from 2011 to 2012. Some data are shown in Table 1.


TABLE 1    Daily rainfall (unit: mm) in Baoan district (G3531) from 2011-04 to 2012-03.

[image: Table 1]



Data after EXCEL processing

The annual wind speed was statistically compiled by EXCEL, and the wind direction frequency and average anemometer of each season and year were obtained. The detailed results are shown in Table 2.


TABLE 2    EXCEL processing data results.

[image: Table 2]



Dominant wind direction frequency map at the site of waste incineration plant

Using Google Earth software, the topographic map around the site of the waste incineration power plant was obtained. Then by integrating the annual average wind frequency rose diagram (Figure 1) into the topographic map, the dominant wind direction frequency map at the site of the waste incineration plant was obtained (see Figure 1).


[image: image]

FIGURE 1
The dominant wind direction frequency map at the site of the waste incineration plant.




Contour map around the site of the waste incineration plant

Using the Orvieto interactive map software, a contour map (see Figure 2) within a range of 1,000 m around the waste incineration power plant was drawn. The lower purple area in the figure refers to the mountain area, and the upper black area refers to the residential area.


[image: image]

FIGURE 2
Contour map.





Model establishment and solution

To solve the problem, a feasible dynamic monitoring and evaluation method was constructed to investigate the environmental impact of waste incineration plants, and a reasonable economic compensation plan was developed to offset potential environmental risks. According to the data in the question, many kinds of incinerator emissions exist. In order to facilitate the calculation of emission concentration, first, AHP is used to determine the weights of pollutants. Then the total emissions are converted into a “comprehensive” emission. Second, the atmospheric pollutant diffusion model is reused to determine the distribution of pollutant ground concentration. Since the waste incineration plant is located in the low hilly coastal area, the back mountain bay is distanced from the pollution source center, with terrain height lower than the height of the smoke outlet so that the surrounding terrain can be regarded as a simple terrain. The long-term atmospheric pollution model of the elevated continuous point source is used to make the contour map of the equal concentration, and the location of the maximum concentration drop is calculated. Considering the monitoring point layout scheme and the monitoring period, the dynamic monitoring system is constructed around the waste incineration power plant. Then actual and modeled data are combined into the environmental dynamic monitoring system. Finally, the pollution level is divided based on the pollutant concentration, the compensation area is divided based on the pollution level, and the economic compensation for the surrounding residents is determined based on the pollution concentration level and the number of contaminated days.


Determine the comprehensive concentration of pollutants in the exhaust vent

(1) Construction of emission assessment system for waste incineration power plants

According to the country’s new pollutant discharge standards, there are six main types of pollutants: particulate matter, mercury, and lead. Meanwhile, considering the pollutant emissions and harm to the human body, a pollutant index evaluation system is established, as shown in Figure 3.


[image: image]

FIGURE 3
Hierarchical analysis structure.


(2) Use AHP to determine the weight of each indicator

(1) Structure level analysis chart

Regarding the concentration index of the exhaust outlet, the analytic model is divided into three layers. The target layer is to determine the pollutant concentration, the criterion layer is to determine the pollutant discharge index, and the plan layer is to determine the pollutant type. The specific structure of the evaluation index system is shown in Figure 3.

(2) Construction of judgment matrix and consistency check

The relative importance of each factor in the criterion and indicator layers is given by consulting the data, and the judgment matrix is constructed. The two factors in the criterion layer can be regarded as equally crucial concerning the target layer. The relative importance of the two indicators in the criterion layer is 1–9 scaled (see Table 3), with appropriate scale values being introduced, as shown in Tables 4, 5.


TABLE 3    Judgment matrix scale.

[image: Table 3]


TABLE 4    Judgment matrix of emissions versus emissions.

[image: Table 4]


TABLE 5    Judgment matrix of emissions to human hazards.

[image: Table 5]

Note:[image: image] indicates that the importance level is between [image: image]. These numbers are based on the intuition and judgment of people conducting qualitative analysis.

In the above process, a judgment matrix is established, which makes the judgment thinking mathematical, simplifies the problem analysis, and quantifies the pollutant index evaluation process. In addition, this decision-making method also helps to maintain consistency in judgment.

In the analytic hierarchy process, the negative mean of the remaining eigenvalues other than the largest eigenvalue of the judgment matrix is introduced, which is used as an indicator to measure the deviation of the judgment matrix.

[image: image]

The larger the value of CIis, the greater the degree to which the judgment matrix deviates from complete consistency; The smaller the value of CIis (closer to 0), the better the consistency of the judgment matrix is.

The judgment matrix of Tables 5, 6 is calculated by MATLAB software, and the maximum eigenvalue of the judgment matrix and the deviation consistency index are obtained. The results are shown in Table 6.


TABLE 6    Indicators of maximum eigenvalue and deviation consistency.

[image: Table 6]

It is agreed that for different levels of judgment matrices, the consistency error is different and the requirements for the value of CI are also different. To measure whether the judgment matrices of different orders have satisfactory consistency, it is necessary to use the average random consistency index of the judgment matrix. For the judgment matrix of 1∼9 order, the values of RI are listed in Table 7.


TABLE 7    Average random consistency indicator of the judgment matrix.

[image: Table 7]

When the order of matrix is 1 or 2, the judgment matrix always has complete consistency; when the order of matrix is greater than 2, the random consistency ratio CR is calculated:

[image: image]

When CR < 0.1, the judgment matrix is considered to have satisfactory consistency, otherwise the judgment matrix needs to be adjusted. According to the results in Table 7, take RI = 1.24, the random consistency ratio of the two matrices in Tables 5, 6 can be obtained, as shown in Table 8.


TABLE 8    CR analog value.

[image: Table 8]

Obviously, CR(B1) < 0.1, CR(B2) < 0.1, so both matrices have satisfactory consistency.

(3) Determine the weight of each indicator

The hierarchical single sorting problem can be converted to be the maximum eigenvalue and eigenvector problem of the computational judgment matrix. By normalizing the eigenvectors, the hierarchical ranking result can be obtained:

[image: image]

The sorting method and result of the hierarchical order are shown in Table 9. The index level and the criterion layer are, respectively, multiplied by the following formula to obtain the total hierarchical ordering W :

[image: image]


TABLE 9    Hierarchical single sorting and total sorting weights.

[image: Table 9]

3) Determine the comprehensive concentration of pollutants in the exhaust vent

By summation of the weights obtained above and the emission concentration of each pollutant CF, the “comprehensive” concentration of the overall pollutant discharge CZ can be obtained, as shown in formula (4):

[image: image]

By substituting the data given in the question into (4), the CZ is calculated to be 113.795395mg/m3.



Establishment of pollutant diffusion model

Since the site of waste incineration plant has a simple terrain, the influence of surrounding hills on the spread of atmospheric pollutants can be ignored. An elevated continuous point source diffusion model is adopted, with the projection point of the exhaust outlet on the ground as the coordinate origin, and the height is z. The flue gas diffuses downward in the wind direction after leaving the exhaust vent, and the ground concentration of the pollutant satisfies the diffusion formula of Gaussian mode:

[image: image]

z = 0, the concentration of pollutants at any point on the ground can be expressed as the ground concentration model of the elevated continuous point source:

[image: image]

The maximum landing concentration occurs in the direction of the wind from the origin of the chimney, and then y = 0, and the ground concentration on the axis is:

[image: image]

[image: image]

and (3) are available:

[image: image]

Deriving x,

[image: image]

Let [image: image], the distance at which the maximum landing concentration occurs is obtained:

[image: image]

The maximum landing concentration is:

[image: image]

For Equation (10), when x = xm, there are:

[image: image]

Due to [image: image] and the diffusion of pollutants in the lateral direction is similar to the diffusion in the vertical direction, so σy with σz can be written as x. Function, i.e.:

[image: image]

[image: image]

Where σy, σz represent the diffusion coefficient; γ1 and α1 represent the horizontally regression coefficient and regression index of the diffusion (y); γ2 and α2 represent vertically regression coefficient and regression index of the diffusion parameter of the direction; γ1, α1, γ2, α2 can be obtained by looking up the table according to different levels of atmospheric stability.

If substituting Equations (13) and (14) into Equation (7), we get:

[image: image]

Pair (15) to x find the partial guide, it can be found the model that can accurately calculate the maximum landing concentration of the elevated continuous point source:

[image: image]

[image: image]

The distance at which the maximum landing concentration occurs is:

[image: image]

Table 10 shows the average wind speed of each wind direction throughout the year ux


TABLE 10    Average wind speed of each wind direction throughout the year.

[image: Table 10]

Pollutant emission Q equals to the smoke outlet concentration [image: image] the product of the daily smoke flow, the daily handling flow rate of waste incineration plant can be given according to the item given in Annex 2. The daily processing capacity of the incineration plant is calculated on a proportional basis;

[image: image]

The effective height of the elevated point source is the sum of the chimney height and the smoke lift height. Since the diameter of the exhaust port is not given in the question, the smoke lift height cannot be accurately calculated. Moreover, as the chimney itself has a high height, the smoke life height can be ignored;

Then He = H = 80m

For the distance from the waste incineration plant along the wind direction, the value range is 10∼5000m;

For the distance from the waste incineration plant along the vertical wind direction, the range is −500∼500m;

The model is solved by MATLAB software, and the distance between the maximum landing concentration and the maximum concentration in each direction is solved. The solution results are shown in Table 11. The concentration contour map of the direction N and NE, is shown in Figures 4, 5:


TABLE 11    Distances at which maximum landing concentration and maximum concentration in each direction occur.

[image: Table 11]

 
[image: image]

FIGURE 4
Contour map in N direction.



[image: image]

FIGURE 5
Contour map in NE direction.


In Table 11, it can be seen from the established model (17) that the maximum concentration occurrence distance is the effective emission height He, and the regression coefficient of the diffusion parameter is only related to the regression index, so the maximum concentration in each direction is 928.4540.

It can be seen from the calculation results that the maximum drop distance is independent of the wind speed of 928 m. At the point where the concentration determined by the model is the short-term average concentration, it is necessary to understand the long-term law of the change of pollutants with time and space from the perspective of long-term environmental monitoring. Due to the unique climate at the site, sudden heavy rain often occurs. Every time rainwater pollutants fall to the ground with rainwater, the pollution and concentration distribution caused by it are equal. Therefore, the influence of acid deposition is consistent with the impact level of air pollution. Moreover, due to the rain, the concentration of pollutants in the air is almost zero, and the short-term concentration is calculated again so that the model can achieve our goal.

In order to obtain a feasible dynamic monitoring and evaluation method for the environmental impacts of waste incineration plants, the elevated continuous point source diffusion model is adopted to discuss the problem of pollutant diffusion and its impact on surrounding residents to construct a monitoring system and develop an economic compensation plan for surrounding residents. The specific process of developing an economic compensation plan is shown in Figure 6.


[image: image]

FIGURE 6
Flow chart for developing an economic compensation plan.


(1) Layout of monitoring points

According to the maximum concentration drop location, the maximum concentration position in eight directions is obtained to be 928 m. Monitoring points are placed to achieve the best monitoring results. It can be obtained from the wind frequency map that the dominant wind direction (southwesterly wind) is significant throughout the year. Therefore, it is encrypted in the downwind direction and comprehensively considers the topographical factors, so that each monitoring point coincides with the monitoring environment air sensitive area, and is installed at the foothills and the top of the mountain. The essence of environmental monitoring is to study the impact of pollutants on people, the height of the sampling point should be set at the ground 1.5∼2.0m. The monitoring point should be updated every hour, or at 2:00, 5:00, 8:00, 11:00, 14:00, 17:00, 20:00, 23:00. The location of the monitoring point is shown in Figure 7.


[image: image]

FIGURE 7
Location of monitoring point.


(2) Division of compensation area

According to the theoretical data, the maximum concentration values in all wind directions are not equal. Due to the ambiguity and uncertainty of wind speed and wind direction, the minimum floor concentration value of 0.1046 in eight directions is used as the lower limit of the concentration for the first level compensation area. As the concentration difference is increasingly less significant, 0.0523 is taken as the lower limit of the concentration of the second level compensation region. Finally by looking up the data, the concentration value of 0.025 is used as the lower limit of the concentration of the third level compensation area. MATLAB is applied to solve the range in the eight wind directions, as shown in the following table (Tables 12–19).


TABLE 12    Division of compensation regions in the N direction.

[image: Table 12]

 
TABLE 13    Compensation area division in the NE direction.

[image: Table 13]

 
TABLE 14    Division of compensation area in E direction.

[image: Table 14]

 
TABLE 15    Compensation area division in the SE direction.

[image: Table 15]

 
TABLE 16    Division of compensation regions in the S direction.

[image: Table 16]

 
TABLE 17    Compensation area division in the SW direction.

[image: Table 17]

 
TABLE 18    Compensation area division in the W direction.

[image: Table 18]

 
TABLE 19    Compensation area division in the NW direction.

[image: Table 19]

In the tables above, the distances of the three concentration levels are marked out. If there is no data, the distance is out of range. Using the distance points of the eight wind directions, the compensation level curve is fitted, and the residents near the garbage incineration plant are considered to be subjected to other pollution. Therefore, the first level of compensation is also applied to the residents within the range of 1,000 m, thereby realizing the division of the economic compensation area.

The area division map is shown in Figure 8.


[image: image]

FIGURE 8
Area division map.


The economic compensation plan for the surrounding residents is approved by the local government (street or community). The compensation target is, in principle, the original resident who was not registered in the previous year as the standard.

(1) Compensation method:

According to the level of local economic development, the minimum wage standard, and the relevant provisions of the state, the amount of compensation per person is determined.

During the operation period of the sanitation facilities, the income from the operating unit (mainly the garbage disposal fee) or the government’s finances shall be paid to the affected communities in the local area. At the same time, the community shall decide the distribution method of compensation under the supervision of the relevant department. The amount of compensation per person can be adjusted according to price changes.

Set up medical insurance compensation to protect the health of the surrounding residents.

Under the supplementation by some indirect compensation schemes, material benefits are brought to the surrounding people, such as waste treatment by-product feedback (including ash, scrap iron, electricity, steam, heat); public facilities sharing; contracting projects, procurement, employment priority; partial tax relief; compensation for falling operating income and other indirect compensation methods.

The annual satisfaction survey and market analysis change the compensation plan dynamically and promptly.

(2) Compensation standard:

According to different economic compensation areas, different economic compensation weights are set up, and the degree of pollution is proportional to the amount of compensation. The garbage incineration plant targets the minimum compensation fund and the highest satisfaction of residents. 10% of the annual profit of the incineration plant plus government financial subsidies are pooled as the total funds for economic compensation. For the residents of different regions, the compensation plan is formulated according to the local development situation, and the total compensation amount for each level of compensation area is 5:3:2.




Conclusion

By taking a medium-sized waste incineration plant in Shenzhen as an example, in this paper, mathematical models are constructed to improve the integrity and scientificity of the environmental compensation mechanism and solve the economic compensation problem for the surrounding residents. Through analysis, it can be seen that the proposed compensation scheme can satisfy the requirements of the surrounding residents.
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