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Abstract

:

Dust pollution arising out of building demolition has serious health implications on workers, as well as the neighboring communities. Existing research has shown that regulatory and engineering control methods are the most popular for dust pollution control on demolition sites. Though engineering control methods are effective in suppressing dust pollution, they have enormous cost implications for demolition companies. Therefore, accurate prediction of dust treatment costs is an important element of the demolition planning process. However, very little information is available in the existing research about treatment costs. In addition, there has not been any attempt to develop a model which can accurately predict the cost of dust treatment during building demolition. To overcome this knowledge gap, a grey prediction model is built according to the information obtained from twenty previous demolition projects. The historical trend of demolition project cost is combined to establish the prediction model based on GM (1, 1), which can be used to obtain the dust treatment cost of a project with very high accuracy. To further improve the prediction accuracy, this paper also builds a Single Function Residual Identifiability (SFRI) model. The relative error between the actual and predicted dust treatment costs from 2013 to 2021 ranges from 0.003% to 0.077%. Through detailed assessment of various treatment measures using a case study, it was found that the results obtained by the prediction model are very close to the actual costs incurred, which verifies the accuracy of the proposed model.
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1. Introduction


As industrialization and urbanization in China keep expanding, more and more old buildings are demolished, leading to the generation of a large amount of construction waste and worsening of environmental pollution. Sung et al. [1] believed that building demolition is one of the most common activities in the construction industry. Several demolition techniques are commonly used, including mechanical demolition, deconstruction, and hybrid demolition. Although deconstruction has been advocated for its environmentally friendly approaches, it is very rarely practical. Demolition of buildings creates a pile of waste that is mainly destined to landfills [2]. Dust is often a headache during quarrying and construction demolition, and the best strategy for dealing with it today is to turn it into a usable resource for recycling. One of the most common waste disposal methods is to use the waste concrete as bulk fill material. Statistics in China show that construction waste has currently reached an alarming scale, which accounts for at least 30% to 40% of the total urban waste. With the acceleration of urbanization, urban construction waste will keep growing, which will have an impact on air pollution. Though recent years have witnessed a gradual improvement of China’s air quality, in regional areas, air pollution is still prevalent, of which particle pollution has become an increasingly severe problem. According to statistics of the environmental status report in 2020, a total number of 338 prefecture-level cities in China suffered from 2311 days of heavy pollution and 752 days of serious pollution, with PM2.5 and PM10 as the major pollutants, accounting for 74.2% and 20.4%, respectively. The current dust removal methods and processes include ventilation dust removal, dust suppression, and wet dust removal, among which ultrasonic fogging in wet dust removal is the most effective in reducing the health risk of workers. As a major source of particle pollution, construction dust, if well controlled, can most effectively control the atmospheric dust pollution.



Buildings emit a large amount of dust in the whole life cycle. Among them, construction dust accounts for more than 10% of the concentration of PM2.5 and PM10. The concentration of airborne suspended particulates in a demolition site is seven times higher that of a normal area. Therefore, reducing dust from demolition works is an important task in dealing with the haze weather experienced by many Chinese cities. With the worsening of environmental problems in China and the growing number of construction projects, environmental pollution treatment has been a top priority for the construction industry, as well as the government. Complying with such regulations comes with a huge cost tag as demonstrated by this study: within an eight-year period, dust treatment costs tripled in Nanchang City.



To accelerate the improvement of environmental air quality and return to blue skies in China, control of construction dust pollution has been one of the top priorities. In the recent past, Chinese governments at different levels, from national to local authority, introduced several regulations to improve air quality and overcame the notorious haze pollution problem faced by some of their major cities. Haze pollution control became a national priority due to widespread media attention and growing concerns among citizens regarding poor urban air quality. To comply with these stringent regulations, demolition contractors used various dust treatment measures in their sites. These measures undoubtedly impacted the cost of the demolition projects. Nevertheless, due to fierce competition in the current construction market and the meager profits from demolition projects, demolition contractors found it very hard to cope with the increasing regulatory pressure. Therefore, the cost of dust treatment should be considered very seriously by demolition contractors, as well as the government agencies who are very keen to see the regulatory measures become successful.



In the above context, China lacks not only in-depth research into the control and treatment of construction dust caused by ever increasing building demolition, but also research into dust treatment costs. On the premise that demolition contractors internalize their cost of regulatory compliance, and at the basis of relevant construction dust control standards, this study presents a comprehensive construction dust treatment cost analysis of building demolition. The single function residual identifiability (SFRI) GM (1, 1) prediction model is used to predict the average unit area dust treatment cost of demolition operations, and the prediction accuracy is decomposed through statistical and quantitative analysis to establish a comprehensive dust treatment cost prediction model to achieve effective control of treatment costs. This will help to plan future demolition operations and help the government understand the financial impact of regulation.




2. Literature Review of Construction Dust Pollution Treatment Cost


Construction dust pollution refers to pollution caused by the discharge of dust particles during construction and demolition operations into the surrounding environment, thus influencing the atmospheric environment. In recent years, studies on haze based on the influence of inorganic aerosols, metal elements, and nitrogen components have been increasing [3]. There are many comprehensive academic studies on the formation mechanism of haze and the treatment technology. At present, many studies use decomposition technology to decompose the influencing factors of atmospheric pollution emission, emission intensity, and reduction [4]. Inorganic dust can be used as a photocatalyst for the formation of secondary inorganic aerosols [5]. In the season of high haze occurrence, building construction dust should be restricted, and urban air spray or road water spraying has a significant effect on the removal of fogging, which have been widely used in large- and medium-sized cities.



Lu et al. [6]. found that unreasonable disposal of materials is mainly attributable to pollution, and that other factors, including lack of urban monitoring and citizens’ lack of awareness of environmental protection, have also aggravated urban dust pollution. In order to fully implement measures that prevent and control raised dust, multi-agency cooperation is necessary to ensure joint law enforcement. In most Chinese cities, however, many agencies have not yet geared toward joint law enforcement. The phenomenon that agencies pass the buck to each other has impeded the efforts to prevent and control dust pollution caused by construction and demolition activities [7]. In 2018, Xuancheng City established a ledger for construction site inspection in order to maintain quality and safety, which also included standardizing construction dust treatment. Water suppression to mitigate the spread of dust is the most popular and a universal method to deal with construction dust [8]. However, countries or regions that experience water shortage find this technique to be expensive and morally incorrect. Maintaining standard heights for stockpiling, wetting objects before cutting or grinding, and wetting while sweeping are very simple methods to control some of the dust generated at sites. The use of chemical agents, electrical sweepers, dust screens, local exhaust ventilation, etc., are some technologies that are available for construction companies to manage dust pollution [9,10,11].



The above dust control measures impose a huge financial burden on the demolition contractor. In view of the ever-increasing competition and very small profit margins of contractors, Lin [12] adopted a more reasonable management model and method to achieve the unification of responsibilities, rights, and interests by improving the management efficiency to bring down the management cost of a project. Cost management and control strategies of construction companies have been playing an increasingly important role in the construction process, and the project cost management of construction companies is an organically connected and mutually restricted process. It is necessary to build a documented project cost management model for enhanced decision-making. Based on the grey theory and fitting consistency, Shao et al. [13] established the GM-Verhulst-SCGM combined grey prediction model to predict the business cost. In view of the complex nonlinear relationship among engineering construction factors, it is rather hard to accurately predict the engineering construction cost. Fan et al. [14] built a model to reflect the fluctuation process of the unit product manufacturing cost, verified whether the unit product manufacturing cost was found with abnormal deviation, and used the model to predict the deviation process when the regular deviation appeared for any reason. Liu et al. [15,16] studied the spatial distribution and dispersion characteristics of construction dust based on CFD simulations and investigated the formation and dispersion mechanisms of dust. Zhang et al. [17] studied the effectiveness and recycling of mixed recycled aggregates. Sojobi et al. [18] investigated how to optimize the conditions of gas-solid carbonation of recycled aggregates using the linear weighted sum method.



The GM (1, 1) model can be used to conduct cost prediction and control of the fitting curve, thus obtaining more ideal statistical effects. In response to problems with the construction quality–cost prediction, Sun et al. [19] established the radial-direction neural network prediction model for the construction quality–cost relationship and used the root-mean-square error to verify the model’s prediction accuracy. The prediction results coincide with the practical situations, and the prediction accuracy is high, so the model is suitable for construction quality–cost prediction. In a bid to effectively improve the company’s operation cost management under an uncertain environment, Liang et al. [20] combined prediction technologies and fuzzy theory to build a fuzzy estimation model, which can quickly and accurately identify the reasonable engineering cost and develop the corresponding operation procedures. The construction quality and the environmental pollution prevention cost constitute a pair of autocorrelation models involving in a mutual game and using the correlated equilibrium game for cost analysis and engineering price control of environmental pollution prevention is of vital importance to the promotion of environmental protection [21]. This study refers to the radial neural network prediction model of the construction quality–cost relationship established by Sun, further divides the prediction accuracy into four levels, and combines the fuzzy estimation model to establish a comprehensive dust control cost prediction model. Through statistical analysis and quantitative analysis, the treatment cost can be effectively controlled.




3. Model Building and Data


3.1. Dust Treatment Cost Prediction Model


Demolition construction dust cost prediction is to forecast the cost based on the historical data, and by using an experience summary, statistical analysis, and mathematical model. The dust pollution treatment cost is predicted and analyzed via scientific methods, and the dust treatment cost prediction model is built accordingly. Assume that the original sequence is as below:


   a   0     t  =    a   0     1  ,  a   0     2  , ⋅ ⋅ ⋅ ,  a   0     m     



(1)







Generally, the time sequence of original data cannot avoid many random factors, thus it is necessary to process the original data and weaken the random factors to facilitate model-building using the differential fitting method. Add    a   0     t    cumulatively to generate the sequence,    a   1     t   . According to    a   1     t   , differential equation of the GM (1, 1) model can be written as below:


    d  a   1     t    d t   + b ·  a   1     t  = c  



(2)




where b and c are parameters to be confirmed, which can be identified using the least square method, and the parameter vector can be written as below:


   b ∧  =     b , c    T  =      D T  D     − 1    D T  Y m  



(3)




where:


   D =       −  1 2     a   1     1  +  a   1     2       1      −  1 2     a   1     2  +  a   1     3       1     .   .     .   .     .   .      −  1 2     a   1      m − 1   +  a   1     m       1        ,   Y  m =       a   0     2  ,  a   0     3  , ⋅ ⋅ ⋅ ,  a   0     m     T    











The prediction model can be obtained after the accumulation of differential equations:


     a   1     ∧    t + 1   =    a   0     1  −  c b     e  − b t   +  c b   



(4)







Conduct derivation of the above equation to restore the prediction model of the original sequence:


     a   0     ∧    t + 1   =   − b      a   0     1  −  c b     e  − b t    



(5)







When comparing the predicted value,      a   0     ∧   t   , of the original data array with the original data array,    a   0     , it is found that the accuracy is inadequate, and the prediction term is short. To improve the prediction accuracy, Single Function Residual Identifiability (SFRI) is carried out. The original data array,    a   0     t   , and the predicted array,      a   0     ∧   t   , constitute the following residual sequence:


   E   0     t  =  a   0     t  −    a   0     ∧   t   



(6)







The residual model GM (1, 1) can be obtained according to the above model-building method:


     E   0     ∧     t ′  + 1   =   −  a ′       E   0       1 ′    −    c ′     b ′       e  −  b ′   t ′     



(7)







The residual model should modify numbers near the original point rather than modify all numbers; thus, generally, not all residuals are adopted for model-building. Instead, the residual that is larger in value and close to the original point is used. Hence, the prediction model after modification can be written as below:


     a   0     ∧    t + 1   =   − a      a   0     1  −  c b     e  − b t   + F    t    − i     −  b ′       E   0       1 ′    −    c ′     b ′       e  −  b ′   t ′     



(8)




where   F   t − i   =      1    t ≥ i      0    t < i        , the modified model stands for the differential equation. The results after modification are related to the selection of   F   t − i    .



In this paper, the prediction accuracy is divided into four grades: unqualified, unsatisfactory, qualified, and good. The smaller the posteriori ratio and the larger the small error probability value is, the higher the prediction accuracy grade is. When the posterior difference ratio is H ≥ 0.65 and the probability of small error is p ≤ 0.75, the prediction accuracy can be considered as unqualified. When the posteriori ratio is H < 0.65 and the small error probability is p > 0.75, the prediction accuracy level can be considered as unsatisfactory. When the posterior difference ratio is H < 0.50 and the small error probability is p > 0.85, the prediction accuracy can be considered as qualified. When the posterior difference ratio is H < 0.35 and the small error probability is H > 0.95, the prediction accuracy level can be considered as good. In summary, the dust treatment cost prediction accuracy grades are shown in Table 1.



Note: The posterior difference ratio is   H =   S 1   S 2    , and the small error probability is   P =      E   0     t  −  E ¯    <  0.6745   S 1        where the average of    a   0     t    is    a ¯  =  1 m    ∑  t = 1  m    a   0     t     , the variance is    S 1  =    1 m    ∑  t = 1  m        a   0     t  − a    2       ; the average of the residual    E 0   t    is    E ¯  =  1 m    ∑  t = 1  m    E 0   t     , and the variance is    S 2  =    1 m    ∑  t = 1  m        E   0     t  −  E ¯     2       .




3.2. Demolition Site Survey and Cost Data


In recent years, with the renovation of old buildings and the promotion of urbanization in Nanchang, the number of demolition projects has increased substantially. To remove haze, Nanchang government has adopted mandatory pollution control measures, requiring demolition projects to increase the frequency of sprinkling water to suppress dust on sites. The demolition sites selected for the survey meet the requirements of dust control expected from demolition projects without being warned or punished by the Environmental Protection Agency. To study the dust treatment costs in demolition projects, a total of 20 demolition sites in Nanchang city were taken as case studies, and details on demolition activities, the implementation of dust control measures, and the implementation costs were extracted (see Table 2 for the profile of these case studies), and the impact of dust on the health of workers on site is shown in Figure 1.



The survey includes the basic information of each construction site: location, scale, duration, investment, machinery, the level of transportation vehicles, and the frequency of their entering and leaving the site. Some basic information from the 20 demolition sites investigated in this study are shown in Table 2 and Figure 2. The duration of the demolition operation is relatively short, generally less than 5 months, and the use of heavy machinery and tools are closely related to the area of demolition. The larger the area, the more diverse types and quantities of machinery are involved. Each demolition site has an average of four machines and three transport trucks. The sites that use water for dust suppression have, on average, one sprinkler, and those using water sprinkling on roads have an average of three times a day.



According to China’s and Nanchang City’s regulations on the prevention and control of atmospheric pollution, construction companies should implement control measures to prevent dust pollution from their sites. The common control measures include: sprinkling water on temporary roads and hardstands within the site; erection of a boundary fence; ground cover; cover construction waste prone to dust with a dust net; continuous water sprinkling to suppress dust; and transport vehicle washing. Table 3 presents the number of sites among the 20 surveyed that use the above methods for dust suppression.



In the 20 demolition projects surveyed, 19 used walls and enclosures to prevent dust; 18 used the artificial sprinkling method, 17 used vehicle flushing equipment to prevent dust; and 16 used a dust net to cover. In addition, one site used planted turf to prevent dust from spreading. Table 4 shows the average unit cost (yuan/m2) of dust control measures from the years 2013–2021, obtained from the 20 companies involved in the case study sites. These values represent the average cost of dust treatment during this period considering their involvement in a large number of projects.



According to the investigation, the budget for dust prevention and control at each site mainly comes from the “construction dust pollution prevention and control cost” stipulated by the competent construction authority, which accounts for less than 3% of the total demolition cost. The budget for dust control is seriously insufficient (as shown in Table 5). Almost all sites have clearly developed dust control implementation plans, nevertheless, their content and coverage are relatively inadequate. Among the dust protection measures, boundary enclosure and vehicle washing are implemented relatively well. Though sprinkling water on roads and hardstands is carried out as planned, there is a lot of dust on the hardened road at the site. The materials used for the boundary enclosure are diverse, and the enclosure tightness is generally poor.





4. Results


4.1. Model Prediction Results


According to the average dust control cost per unit area obtained from the demolition companies in Nanchang City, there is a threefold increase in costs during the nine-year period under consideration.



After one accumulation of    a   0     t    = {7.56,8.37,9.57,10.64,11.68,14.45,17.86,20.37,24.53}, the sequence thus obtained is shown below:



a(1)(t) = {a(1)(1),a(1)(2),…,a(1)(9)} = {7.56,15.93,25.5,36.14,47.82,62.27,80.13,100.5,125.03}



The GM (1, 1) model can be obtained according to the above-stated theoretical basis:


     a   0     ∧    t + 1   = 6.0345  e  0.1512 t    











The calculated results of the model after a reduction test are shown in Table 6. According to the calculated results, the residual error of the model in these 9 years ranges from −1 to 3.27, and the relative error ranges from 0.072% to 0.28%. The model has a large error; thus, the cost prediction model needs to be further optimized. The comparison between calculated values and observed values is shown in Figure 3.



After the posterior difference verification, the small error probability,   P =      E   0     t  −  E ¯    <  0.6745   S 1     = 1  .2047   = 1  , can be obtained. According to the accuracy grade in Table 1, the accuracy grade obtained is classified as qualified. To further improve the prediction precision, the residual value    E 0   t    is adopted as the original data to build the residual model (modify after t = 3). This model’s posterior difference ratio is H ≤ 0.35, and the small error probability is p > 0.95. Therefore, the model prediction grade after modification has improved, namely


     E   0     ∧     t ′  + 1   = 6.0345  e  0.1597  t ′     











The model after residual modification is expressed as:


     a   0     ∧    t + 1   = 6.0345  e  0.1597 t   − F   t − 3   0.6035  e  0.1597   t − 3      








where:


  F   t − 3   =      1    t ≥ 3      0    t < 3        











The results after the reduction test are shown in Table 7.




4.2. Case Study of Dust Treatment Cost


As a part of the “Beautiful Nanchang: Happy Homeland” environment treatment project, Nanchang Municipal Government published the “Nanchang Construction Site Dust Treatment Plan”. With the overarching principle of “whoever causing pollution is responsible for treatment, and whoever in charge is responsible for the dust treatment”, the construction site dust treatment project was launched. Thanks to above initiative, dust prevention and control on construction sites got institutionalized and standardized. This policy has been fully implemented on construction sites, which became a long-term management mechanism for dust pollution. One such project was selected as a case study to demonstrate the dust treatment methods and their cost implications. This project uses four treatment types, akin to a multi-pronged attack on dust, which could comply with the regulations imposed by the government agencies in Nanchang.



The scope of the project included the demolition and removal of four buildings, indicated as 107, 107A, 107C, and 107D, with a footprint of approximately 5000 square meters and a total gross floor area of 13,799 square meters. Figure 4 provides a layout and picture of the demolition site including dust treatment methods employed. Building 107 is used for teaching, with a typical institutional character which is a five-story concrete framed structure; Building 107A is a hospital with a two-story brick-and-mortar structure; Building 107C is a dormitory with a four-story concrete framed structure; and Building 107D is an auditorium with a two-story brick-concrete structure. The demolition of the buildings was carried out from 11 September–5 October 2020. The demolition site was completely enclosed by iron sheets with a height of no less than 1.8 m. A minimum safe distance of 1.5 times the building height was maintained between the enclosure and the buildings to be demolished, with the eastern boundary of the demolition site connected to a wall.




4.3. Cost Analysis of Dust Control Measures


	(1)

	
Boundary fences







During the demolition process, a boundary fence mainly made up of steel sheets (including a steel frame) was erected. According to the fencing area requirements, the cost of the steel sheet fencing was 75 yuan per square meter. The main target of this treatment is the prevention of dust spreading beyond the site area.



	(2)

	
Dust screens on waste stockpiles







The onsite waste stockpiles are covered using anti-dust screens to prevent dust from spreading. Stockpiles are notorious in escalating dust generation in demolition sites. Ideally, stockpiles should be reduced to be minimum, but it is very hard to achieve this target. The demolition site is approximately 500 square meters of coverage area per 1000 square meters of land area. According to the above ratio, the cost of anti-dust screens is 12 yuan per square meter.



	(3)

	
Continuous water spray on demolition face and site







The water spray facilities were used for onsite dust suppression during the demolition operation. As discussed earlier, this is a very popular treatment method. The cost of each water spray ranges from 700–1000 yuan (including the water tariff). The demolition site requires no hardening of the road pavement, but irregular spraying of water, cleaning, and dust prevention of the passage. The number of water sprays is determined according to the actual dust on the construction site. The water spray intensity during the demolition period, on average, was 0.6 times per 10,000 square meters per day. Besides, spraying facilities were also used at the site, whose unit price was around 3000 yuan per piece.



	(4)

	
Transportation vehicle washing







The washing of transport vehicles, especially the wheels, is intended to prevent dust spreading outside the site into neighboring areas when the vehicle travels out for disposal. The washing cost of transportation vehicles consists of the cost of washing equipment and the water tariff. The washing equipment mainly refers to the automatic washing gear, high-pressure pump, sand-setting well, rinsing groove, etc. Under general conditions, the automatic washing gear costs around 10,000 yuan per set; the high-pressure pump costs 2500 yuan per piece; and the sand-setting well and rinsing groove costs 5000 yuan per set. The vehicle washing cost is calculated by considering 1.2 cubic meters of waste per vehicle trip.




4.4. Dust Treatment Cost Analysis


The method proposed by Zhang et al. (2016) for the cost analysis of dust control measures on construction sites is adopted in this study. The demolition project discussed above covers a total footprint area of 5000 square meters and a floor area of 13,799 square meters. The total waste generated on site is around 32,000 cubic meters. Thereby, the construction dust prevention and control costs are calculated as follows:




	(1)

	
Boundary fences: 300 square meters of steel sheet at an average unit price of 75 yuan per square meter would ends up in a total cost of 22,500 yuan for the boundary fence.




	(2)

	
Dust screen on waste stockpiles: 500 square meters of screen cloth at an average price of 12 yuan per square meter gives a total cost of 6000 yuan for this treatment.




	(3)

	
Continuous water spray: One water tank and the daily water spray cost is 2400 yuan per day (four times a day). The water tank is installed for 25 days of the demolition operation. The unit price of spray facilities is 3000 yuan per set and ten sets are used in total. Therefore, the total cost of this treatment is approximately 130,000 yuan.




	(4)

	
Cost of the vehicle washing: The daily use of water for spray is 18t (1.2 cubic meters per vehicle), and the unit price is 4.5 yuan per ton. The project lasted for 25 days, and the water cost is 2000 yuan. One set of washing equipment (including the fees of the automatic washing equipment, sand-setting well, rinsing groove, high-pressure gun, etc.) is adopted, which costs 10,000 yuan. The total fees are 12,000 yuan.









The costs of different dust control measures adopted by the demolition operation of the case study project are shown in Table 8. The major cost items are the continuous water spray and boundary fences. From a unit area treatment cost perspective, a total of 130,500 yuan is needed for 5000 m2 of demolition footprint, which translates in to 26.1 yuan per m2 m. Figure 5 illustrates the distribution of the total cost among the four main treatment methods used by the case study site. It clearly highlights the dominance of water sprinkling for dust suppression, where almost 70% of the total cost is directed towards it.





5. Discussions


In the past, there were numerous studies reported on dust pollution control in China, mainly due to issues with air pollution and the haze experienced by many large cities. These studies focused mostly on the emission factor of dust, the diffusion mechanisms, and control measures. There were very few studies that investigated the cost of dust control measures, and even fewer studies on the prediction of the dust treatment cost. Though technical knowhow is important, companies are very keen to make sure that their profit margins are not consumed up by dust treatment costs, which are increasing, partly due to the regulations and environmental conservation measures introduced by the government in recent years. In that context, this paper contributes to a very important but neglected area of dust treatment cost, and its prediction amidst a very tight regulatory environment. Though not explicitly, it deals with the cost of regulatory compliance. Cost certainty and appropriate budgeting tools are very important for companies and, consequently, for the success of ambitious government initiatives such as the “Nanchang Construction Site Dust Treatment Plan”.



To verify the effectiveness of the dust treatment cost prediction model for demolition operations, dust treatment unit cost data for Nanchang from 2013 to 2021 were used. The demolition dust treatment cost obtained by the cost estimation model and the actual dust treatment cost very well coincide with each other. The fitting degree between the actual dust treatment costs and predicted values is shown in Figure 6.



According to the above analysis, it can be observed that:




	(1)

	
From the relative error between the actual dust treatment costs and predicted values, the relative error is smallest in 2020, which is around 0.003%. The relative error is the largest in 2017, which is 0.08%. These values show that the model can predict the dust treatment cost to a very high accuracy.




	(2)

	
In order to further verify the model, the dust treatment cost in Nanchang for 2022 was derived as 27.95 yuan per square meter. The actual cost of dust treatment from the case study as reported under 4.3 was 26.1 yuan per square meter. Thus, the relative error between the predicted cost of the model and the actual cost is 0.07%. This shows the dust treatment cost prediction model proposed in this paper can obtain results with a very high accuracy. Though predicted dust treatment cost of the model generally coincides with the actual dust treatment cost, changes of the quota, including quota of materials, and material price, should be taken into consideration. Based on their degree of influence, the predicted cost can be further modified.










6. Conclusions


Buildings emit a large amount of dust in their whole life cycle. Among them, construction dust accounts for more than 10% of the concentration of PM2.5 and PM10. The concentration of airborne suspended particulates in a demolition site is seven times higher than that of a normal area. Therefore, reducing dust from demolition works is an important task in dealing with the haze weather experienced by many Chinese cities. With the worsening of environmental problems in China and the growing number of construction projects, environmental pollution treatment has been a top priority for the construction industry, as well as the government. Complying with such regulations comes with a huge cost tag as demonstrated by this study: within an eight-year period, dust treatment costs tripled in the Nanchang City. In such turbulent times, accurate prediction of cost in any business operation is crucial. This paper constructs a model for the prediction of demolition dust treatment cost, which provides a quick, convenient, and accurate estimation of the costs involved in the treatment of dust during demolition operations. The error between the predicted results and the actual costs was found to be small, and the relative error ranges from 0.003% to 0.077%. The possibility to predict dust treatment cost will immensely help demolition companies make informed decisions, as well as being helpful for demolition planning.



Through a better demolition dust treatment cost prediction, demolition companies could bid for projects with higher certainty, and have confidence during negotiations with clients and regulatory agencies, as well as monitor and control cost during operations. Based on the predicted dust treatment cost, demolition companies can formulate a sensible project cost plan according to the project Work Breakdown Structure (WBS) and estimate quantities and cost of the demolition operations; it could comprehensively consider the technical measures and management costs that may occur on site. When preparing the dust cost plan of a demolition project, attention should be paid to ensure its operability, cost of full compliance to regulations, and convenience of cost accounting. During the demolition operation, construction cost managers will have the responsibility of implementing the cost plan, and an accurate estimate of dust treatment cost is invaluable for their on-site decision-making. In addition, government agencies can draw lessons from the predicted values of the dust treatment cost of demolition projects in this paper, classify demolition projects based on their characteristics, enforce a minimum standard of dust control, and ensure cost certainty from various treatment methods. If the government can ensure cost certainty and provide financial incentives in areas where there need to be greater intervention, demolition site dust treatment can achieve the anticipated environmental protection and air pollution prevention and control standards much more effectively than at present.
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Figure 1. Impact of dust on the health of workers on site. 
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Figure 2. Profile of the case studies in each district or region of Nanchang. 
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Figure 3. Comparison of the model’s predicted costs and observed values. 
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Figure 4. Layout and dust treatment measures of the demolition project. 
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Figure 5. Cost significance of dust treatment methods in the case study project. 
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Figure 6. Fitting degree between the actual dust treatment costs and predicted values. 
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Table 1. Prediction accuracy grade.






Table 1. Prediction accuracy grade.





	Prediction Grade
	Posterior Difference Ratio (h)
	Small Error Probability (p)





	Good
	<0.35
	>0.95



	Qualified
	<0.50
	>0.85



	So-so
	<0.65
	>0.75



	Disqualified
	≥0.65
	≤0.75
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Table 2. Adoption of building demolition dust treatment measures.
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	Dust Treatment Measures
	Frequency





	Fence and wall
	19



	Manual water spray
	18



	Vehicle washing
	17



	Anti-dust net coverage
	16



	Spray and dust reduction device
	9



	Iron sheet coverage
	5
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Table 3. Unit cost of dust control (yuan/m2).
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	Demolition

Company
	2013
	2014
	2015
	2016
	2017
	2018
	2019
	2020
	2021





	1
	7.45
	8.89
	9.28
	9.99
	10.91
	14.83
	17.54
	19.99
	25.3



	2
	7.6
	8.22
	9.45
	10.48
	11.55
	14.58
	18.01
	19.87
	24.84



	3
	6.9
	7.87
	9.34
	11.78
	12.93
	14.92
	17.76
	21.00
	23.94



	4
	7.29
	8.23
	9.88
	10.91
	12.01
	14.87
	17.98
	21.96
	24.68



	5
	7.89
	8.48
	9.79
	10.34
	11.79
	13.94
	18.23
	20.46
	23.95



	6
	7.31
	8.16
	9.58
	10.61
	11.48
	14.96
	18.21
	19.83
	25.47



	7
	7.93
	8.45
	9.42
	10.37
	10.87
	14.56
	17.45
	19.12
	23.16



	8
	7.44
	8.42
	9.45
	10.79
	10.71
	14.69
	17.36
	20.36
	24.96



	9
	7.16
	8.17
	9.35
	10.46
	11.93
	14.3
	17.73
	20.59
	24.58



	10
	7.95
	8.49
	9.63
	11.12
	11.84
	14.37
	17.94
	21.03
	24.35



	11
	7.71
	8.55
	8.98
	10.56
	11.91
	14.38
	17.95
	19.95
	24.63



	12
	7.95
	7.68
	8.67
	10.68
	12.01
	14.75
	17.99
	20.71
	23.75



	13
	7.57
	7.46
	9.72
	10.35
	11.39
	14.63
	17.73
	20.41
	23.35



	14
	7.45
	9.10
	9.88
	10.12
	11.83
	14.26
	17.83
	19.43
	24.67



	15
	7.84
	8.35
	9.78
	10.4
	11.56
	14.35
	18.02
	19.47
	24.45



	16
	6.69
	8.24
	10.1
	10.38
	11.89
	14.47
	17.99
	20.5
	24.69



	17
	7.51
	8.88
	9.91
	10.79
	11.59
	14.44
	18.02
	20.56
	25.07



	18
	7.93
	8.74
	9.65
	10.89
	11.82
	14.21
	17.79
	20.58
	25.65



	19
	7.85
	8.67
	9.78
	10.9
	11.96
	13.96
	17.85
	20.59
	24.70



	20
	7.79
	8.34
	9.82
	10.89
	11.68
	13.56
	17.74
	21.03
	24.40



	Average
	7.56
	8.37
	9.57
	10.64
	11.68
	14.45
	17.86
	20.37
	24.53







Note: The currency used is RMB, in Yuan.
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Table 4. Dust control cost of 20 demolition sites.
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	Demolition Site

Numbering
	Demolition

Site Footprint

(m2)
	Demolition Area (m2)
	Demolition Cost

(Yuan)
	Dust

Control Cost

(Yuan)
	Proportion

of Dust Control Cost to Demolition Cost (%)





	1
	7456
	39,458
	6,618,182
	182,000
	2.75



	2
	6533
	29,544
	7,800,000
	167,700
	2.15



	3
	5800
	43,626
	5,975,000
	136,230
	2.28



	4
	6988
	30,504
	8,252,261
	164,220
	1.99



	5
	10,203
	50,504
	11,688,412
	272,340
	2.33



	6
	9768
	44,032
	11,253,680
	259,960
	2.31



	7
	7846
	35,067
	10,084,848
	199,680
	1.98



	8
	7058
	34,437
	6,932,943
	183,723
	2.65



	9
	8406
	38,533
	8,792,903
	218,064
	2.48



	10
	6432
	33,259
	5,953,803
	169,088
	2.84



	11
	9457
	46,540
	10,411,154
	243,621
	2.34



	12
	7301
	32,021
	8,773,333
	192,136
	2.19



	13
	6676
	28,070
	8,316,635
	172,986
	2.08



	14
	9368
	41,300
	9,443,360
	238,917
	2.53



	15
	6254
	35,044
	5,379,094
	154,380
	2.87



	16
	8864
	35,855
	8,012,955
	197,920
	2.47



	17
	8643
	36,709
	11,619,348
	213,796
	1.84



	18
	6943
	38,443
	6,912,970
	183,885
	2.66



	19
	9476
	40,532
	9,781,181
	248,442
	2.54



	20
	5632
	25,003
	5,424,873
	149,184
	2.75







Note: The currency used is RMB, in Yuan.
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Table 5. Predicted cost and residual of the model.
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	Year
	Actual Cost
	Predicted Cost
	Residual (e)
	Relative Error (%)





	2013
	7.56
	7.02
	−0.54
	7.143



	2014
	8.37
	8.17
	−0.2
	2.389



	2015
	9.57
	9.50
	−0.07
	0.731



	2016
	10.64
	12.85
	2.21
	20.771



	2017
	11.68
	14.95
	3.27
	27.997



	2018
	14.45
	14.76
	0.31
	2.145



	2019
	17.86
	19.45
	1.59
	8.903



	2020
	20.37
	20.23
	−0.14
	6.870



	2021
	24.53
	23.53
	−1
	4.077
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Table 6. Dust treatment cost predicted values after model verification.
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	Year
	Actual Cost
	Predicted Cost
	Residual (e)
	Relative Error (%)





	2013
	7.56
	7.08
	−0.48
	6.349



	2014
	8.37
	8.31
	−0.06
	0.717



	2015
	9.57
	9.74
	0.17
	1.776



	2016
	10.64
	10.72
	0.08
	0.752



	2017
	11.68
	12.58
	0.9
	7.706



	2018
	14.45
	14.76
	0.31
	2.145



	2019
	17.86
	17.31
	−0.55
	3.080



	2020
	20.37
	20.31
	−0.06
	0.295



	2021
	24.53
	23.83
	−0.7
	2.854



	2022
	-
	27.95
	-
	-







Through the dust treatment cost prediction model, the unit area dust treatment cost of demolition in 2022 is 27.95 yuan/m2. Posterior difference test shows that this model meets the requirements, and the accuracy grade is classified as “good”.
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Table 7. Comprehensive treatment cost of the case study demolition project.
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	Category
	Amount





	Demolition footprint

Demolition area
	5000 m2

13,799 m2



	Waste quantity
	32,000 m3



	Demolition period
	25 days



	Boundary fences
	22,500 yuan



	Dust screens on waste stockpiles
	6000 yuan



	Continuous water spray
	90,000 yuan



	Vehicle washing
	12,000 yuan



	Total
	130,500 yuan



	Unit area cost
	26.1 yuan/m2
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Table 8. Comprehensive treatment cost of the case study demolition project.
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	Category
	Amount





	Demolition footprint

Demolition area
	5000 m2

13,799 m2



	Waste quantity
	32,000 m3



	Demolition period
	25 days



	Boundary fences
	22,500 yuan



	Dust screens on waste stockpiles
	6000 yuan



	Continuous water spray
	90,000 yuan



	Vehicle washing
	12,000 yuan



	Total
	130,500 yuan



	Unit area cost
	26.1 yuan/m2
















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  sustainability-14-05965


  
    		
      sustainability-14-05965
    


  




  





media/file8.jpg
9%

= Boundary fence:
= Dust screen on waste
stockpiles

= Continuous water spray






media/file11.png
Yuan/square meter

30 5

25 4

20 4

—=&— Actual cost
—#— Predicted cost

2013

T
2015

T
2017

Year

T
2019

2021






media/file6.jpg
@ Demoliton site map (1) ) Demolton site map.

. g x|

"(©) Demolition site layout

i
2






media/file1.png
7.60%

B Pneumoconiosis
M Dust Deposition
" Respiratory Tumors

™ Lung lesions caused
by organic dust






media/file10.jpg
Yuan/square meter

204

—#%— Actual cost
= Predicted cost|

T
2015

T
2017

Year

2019

2021





media/file7.png
Iron Palisade

NO.3 Target Area

Spray water in the
working area of
hydraulic fracturing

| Living quarter of workers |

hammer | Road spray and cleaning I
107D
Building 107
demolition Road
area spray
spray and
| Spray water in | cleaning
crushing area 107C 107A
e Lo Construction waste k /
heap dust net cover Construction waste recovery areas are sprayed
with water
The East Gate
| Road spray and cleaning | Load car flushing
equipment Car wash
NO.2 T A ek
Out of the boundary wall < Jarget Area

(c) Demolition site layout






media/file9.png
69%

9%

m Boundary fences
m Dust screen on waste
stockpiles

m Continuous water spray

vehicle washing





media/file5.png
Yuan/square meter

25 4

20

15 4

10 S

—#— Actual cost
—=— Predicted cost

|
2013

- | - |
2015 2017 2019 2021

Year





media/file3.png
Num Number of sites
5
4 e=@==N\umber of sites
3
2
1
0
are
O & & QO LSS QD
: Q : Q
Q@? A§> Sﬁq &° 6§> usfp 6§@' @ N
N ) N
QO 5 >
> N Sy
(a) Number of construction sites
Day Duration of work
150 ==@==Duration(days)
100
50
0 are
¥ & & QLS D
X Qe 0 QS
T OFTSE Y
- % o
o CS} \y

(c) Construction site duration

Number of Vehicle
=@ Excavator ==@==Hydraulic Breaker ==@==Forklift

N
20
15
10
area
O & & & Q.S QD

AN S L

& §F & & Sdla
P & ¥ N

D & G

(e) Number of vehicle means

Area Demolition site area

35,000
30,000 I
25 000 ==@==Demolition site area(m2)
20,000
15,000
10,000
5000
’ area
O X & & & .S LS ® QD
& v K $fz>° S \Q\\,"” & 6@0 S
P & SR A
N & 2

(b) Construction site demolition scale
Number of watering cart
N
1;m =@==Number of watering cart(vehicles) ==@==time(days)

o NN B O

area
O N NN N o o ® O
SN S & @ R Q
e & - N
N & o
S F N

(d) Number of watering cart and working hours

Number of transport cart

N%n ==@==Number of transport cart == time
20
15
10
5
0 area
N N O N O .S Q0 & KN
S ¥ & & & & & & K
Qo"\ ¥ ¢3\° & & O ¢ & v
\(\ (\QO >
S S

(f) Number of transport vehicles and working hours





media/file4.jpg
Yuan/square meter

204

10

[—=— Actual cost
| = Predicted cost

2013

2015

2017
Year

2019 2021





media/file0.jpg
® Pneumoconiosis
= Dust Deposition
 Respiratory Tumors

# Lung lesions caused
by organic dust






media/file2.jpg
e Numbera stes
2
& ‘gﬁ & ,{’y‘
(o) Number of cnsiructon ses
on  Duaon ofwork
10 R
N \/\’\’\

F O jf’ LA

(9 Constructon ste duration

Number of Vehicle

e Eator —e—Hydrulc Bresker —e—foni

"s"ﬂwﬂs’@f

(€) Number of vehicle means

P Demoliion site area

Demotioniewesn2)

L area
S LS
2REPEI S
&
9o et sl

Number of watering cart
e Hmber of woteing caueicts) —emmtime(di)

Y S
e~
gt lp

(&) Number of watering cart and working hours

Number of transport cart

WD emnumbeottmpotcn  —emtine

iE @_\*‘_\_.\_
f@g,« PSS

(5 Nurmber of ransport vehicles and working hours





