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Abstract 

As demolition normally generates the largest proportion of construction and demolition (C&D) 

waste, more importance should be attached to it for effective C&D waste management. Previous 

studies have attempted to understand demolition waste generation (DWG) but the understanding 

remains relatively insufficient, in large part due to the erratic and poor quality data available. 

This research aims to identify factors impacting DWG by making use of a big dataset which has 

recently become available as a result of C&D waste management practices in Hong Kong. Using 

big data analytics, it is confirmed that DWG, demolition cost, and duration of conducting the 

demolition work are dependent on each other. It is also found that geographical location, 

building usage, and the public-private nature of a building also have a significant impact on 

DWG in the Hong Kong context. Based on the correlations between DWG and these identified 

factors, stakeholders may introduce proper managerial or policy interventions to effectively 

minimize DWG. For example, public policy-makers may formulate more tailor-made 

regulations to attach more importance to the locations, usages and public-private nature, which 

have more potentials for demolition waste minimization.  
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1. Introduction 

Construction and demolition (C&D) waste, is defined as the surplus and damaged products and 

materials that arise from construction, renovation, and demolition activities (Roche and Hegarty, 

2006). In some settings, ‘C&D waste’ and ‘construction waste’ are used interchangeably for 

simplicity, or when the sources of waste are not the focus. In economically developed countries, 

demolition activities may be limited. For example, Bergsdal et al. (2007) reported that in 

Norway demolition comprised just 8% of national C&D activities (m2/year) in 1998, while new 

construction and renovation comprised 52% and 40% respectively. By contrast, demolition in 

economically developing economies is often extensive when existing structures are demolished 

to provide new land for the urgent demands of housing and other facilities (Lu et al., 2016c). In 

Shanghai, for example, the demolition floor area in 2014 reached 1,185,800m2, declining from 

2008’s plateau (SSB, 2015). In many developing and developed countries or cities, demolition is 
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a quite wasteful activity. For example, in the UK, the waste amount from C&D activities has 

remained at around 100 million tons annually in recent years (DEFRA, 2015), while demolition 

accounted for around 32.7 million tons in 2007 (CRWP, 2009), which means demolition waste 

takes about 30% of all annual construction waste generated in UK. Another developed country 

Norway logged 1.8 million tons of C&D waste generated in 2013, 31.3% of which was from 

demolition activities (Statistics Norway, 2015). In China, annual C&D waste generation 

reportedly reached one billion tons in 2013, 74% of which resulted from demolition activities 

(NDRC, 2014; Lu et al., 2016c). Demolition in Hong Kong is estimated to produce, by weight, 

more than 10 times the amount of waste produced from construction of new buildings (Poon et 

al., 2001; Lu et al., 2015). Minimizing demolition waste is thus often a priority in mitigating the 

adverse impacts caused by construction waste, including land deterioration (Ofori, 1992), 

resource depletion (Kofoworola and Gheewala, 2009; Ferguson, 1995), and various forms of 

pollution such as noise, dust, air pollution and discharge of toxic waste (Lu and Yuan, 2011).  

 

Previous studies have attempted to understand the nature of DWG. This can be investigated at 

either project level or regional level (Bergsdal et al., 2007; Llatas, 2011; Yost and Halstead, 1996; 

Andersen et al., 2007; Bergsdal et al., 2007; Bohne et al., 2008). It is important to understand 

DWG at a project level mainly for two reasons. First, construction works, either new building, 

renovation, or demolition, are normally organized as projects. Second, by summing up DWG of 

various projects, it is able to understand the overall nature of DWG of a region. Lu et al. (2011) 

investigated factors affecting C&D waste generation at project level in new building 

construction, not demolition. These studies concern C&D waste after it has been generated. In 

contrast, Kleemann et al. (2016) introduced a method for determining a building’s material 

composition and future demolition waste. Moreover, various reduction, reuse, and recycling 

strategies (Peng et al., 1997), and the more proactive deconstruction strategy (Dantata et al., 

2005), have been introduced to manage and minimize DWG.  

 

Previous studies have reported that DWG is determined by a building’s endogenous factors such 

as age (Poon, 1997), type (Wang et al., 2004), geometrical characteristics (Wang et al., 2004; Shi 

and Xu, 2006), structure (e.g. steel, precast concrete, or brick) (Poon et al., 2001), or 

construction technologies used (e.g. prefabrication, or cast in-situ) (Jaillon et al., 2009). It is also 

known that DWG is influenced by exogenous factors such as demolition technologies (e.g. 

deconstruction, wrecking ball, or implosion) (Kibert et al., 2000, Kourmpanis et al, 2008; Poon 

et al, 2004), duration of demolition (Yuan et al., 2011), surroundings (Hendriks and Janssen, 

2001), and constructors’ C&D waste management capability (Mcdonald and Smithers, 1998). 

However, in-depth, accurate understanding of DWG, in particular relating to these endogenous 

and exogenous factors, is lacking. 

 

The insufficiency in understanding DWG may be attributable to the erratic and poor quality data 

available for research. Data collection methods adopted by previous C&D waste management 

studies are diverse and include: direct observation (Poon, et al., 2001; Formoso et al., 2002), 
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questionnaire survey (McGregor, et al. 1993; Wang et al., 2010), direct measurement (Bossink 

and Brouwers, 1996; Lau et al., 2008; Wu et al., 2014), interviews (Treloar et al. 2003; Tam et 

al., 2007); and tape measurement and truck load records (Skoyles, 1976). However, in real-life 

practice, when a demolition project is completed, construction companies are unable to provide 

relative accurate data because contractors are not obliged to record and report the qualitative and 

quantitative characteristics of the waste generated (Fatta et al., 2003). Most previous studies thus 

adopted sampling and ethnographic methods during construction or demolition processes. 

Although using objective methods, these studies had a relatively small sample or sampled 

relatively small sites due to the difficulties involved in conducting a full coverage survey (Katz 

and Baum, 2011; Lu et al., 2011). Existing DWG studies are thus inherently limited by their 

inability of accounting for the totality and accuracy of waste generation data throughout the 

demolition process.  

 

This study is aiming to examine endogenous and exogenous factors that influence DWG at a 

project level by making use of a big dataset that has recently become available in Hong Kong’s 

active construction sector. Owing to the Construction Waste Disposal Charging Scheme 

(CWDCS) conducted for C&D waste management by Hong Kong Environmental Protection 

Department (HKEPD) (2005), this dataset records waste generation details for all sorts of 

projects including new builds, infrastructure, maintenance, and demolition. The more 

comprehensive picture provided by this big data can help support the introduction of proper 

DWG-minimizing interventions such as strategic plans, policies, research, and other managerial 

actions. This rest of the paper is divided into four main sections subsequent to this introductory 

section. Section 2 is a critical assessment of the existing studies on potential factors influencing 

DWG. Section 3 delineates the methodology, and the analyses and results are presented in 

Section 4. Section 5 discusses the results and Section 6 concludes the study.  

 

2. Factors affecting waste generation in building demolition 

A large number of factors influencing demolition waste generation (DWG) were mentioned by 

relevant regulations and previous studies. In Hong Kong, the Code of Practice (CoP) for 

Demolition of Buildings was published in 1998 and updated in 2004. It defines demolition as 

dismantling, razing, destroying or wrecking any building or structure or any part thereof by a 

pre-planned and controlled method (HKBD, 2004). The CoP considers the prevailing building 

structures in Hong Kong, i.e. high-rise concrete composite buildings, and other special buildings 

such as precast and pre-stressed concrete structures. It emphasizes a philosophy of planning 

(especially asbestos abatement, and removal of hazardous or regulated materials), precautionary 

measures (e.g. hoarding, scaffolding, and protecting traffic), operation, and close supervision 

and inspection. Further, on-site sorting of demolition waste is strongly recommended by the CoP, 

and the effectiveness of this practice has been examined by Poon et al. (2001) and Lu and Tam 

(2013). Recyclability of demolition waste, which depends on on-site separation and on-site reuse, 

is crucial to the amount of waste ultimately sent to waste receiving facilities. The separability 
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and reusability of demolition waste are related to the endogenous factors of the building, which 

thus are investigated in details in this study.  

 

Different demolition methods (e.g. top-down using manual methods or machines, use of 

hydraulic crushers with a long boom arm, use of a wrecking ball, implosion) and their associated 

practices are introduced in the CoP (HKBD, 2004). A ‘selective demolition’ method should be 

adopted as far as practicable; this involves demolition and removal of waste in stages according 

to category of waste, with the goal of facilitating recycling (HKBD, 2004). Implosion may be 

adopted when the aim is to expedite building demolition, for example when the land is to be 

redeveloped, or when other demolition methods are unsuitable due to the nature of a structure. 

Some parts of a building (e.g. metal members, glass, and non-load bearing partitions) can be 

removed during the implosion preparation stage, but the rest of the building will likely end up as 

demolition waste comprising a mixture of inert and non-inert materials not conducive to 

segregation, reuse, or recycling. In some extreme cases, entire buildings become waste (Wang et 

al., 2004). Deconstruction, in contrast, is a less wasteful method of demolition. It can be 

considered as a reversal of the construction process; buildings are systematically taken apart. 

This allows building materials to be kept intact as they are separated, making them easier to 

reuse and recycle. Some recyclable materials with strong markets or high disposal costs, like 

metals, heavy timber, gypsum drywall and concrete, are salvaged. In some exemplary cases, no 

demolition waste is generated at all. However, deconstruction is more expensive, labor-intensive, 

and time-consuming than other demolition methods, but can be more economically competitive 

if the costs and salvage value are well controlled (Dantata et al., 2005).Therefore, demolition 

method is a factor that is attributable to DWG. 

 

Endogenous building characteristics are also crucial factors influencing DWG. Gross floor area 

(GFA) is a representative geometrical characteristic, and its correlation with DWG has been 

demonstrated in many previous studies (Poon, 1997; Poon et al., 2001; Lu et al., 2011). The 

methods applied in Poon (1997) and Poon et al. (2001) indicate that total waste generation 

amount is closely linked to GFA in both construction and demolition waste generation. 

According to Solís-Guzmán et al. (2009) conducted in Spain, the average DWG per m2 is 1.2676 

m3. The number of floors in a building can be considered a proxy for GFA if this data is more 

attainable (Kern et al., 2015). Building usage (e.g., residential or commercial) has been 

considered as a factor affecting building compactness and thereby influencing total DWG 

amount (Poon et al., 2001; Banias et al., 2011). Regarding building usage details, different 

proportions of element types (e.g., floor, beam, door, wall, reinforcement, column, and window) 

and construction materials can result in different total DWG amounts (Cheng and Ma, 2013). 

Previous studies (e.g. Andersen et al., 2007; Bergsdal et al., 2007; Bohne et al., 2008; Seo and 

Hwang, 1999; Lu et al., 2016a) have also reported that building location is a factor influencing 

DWG. In addition, disparities between public and private sector activities have been identified in 

previous studies on C&D waste generation (Poon et al., 2003; Lu et al., 2016b). 
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DWG relates to not only characteristics of the demolition method but also waste management 

practice adopted by the demolition contractors (Poon et al., 2001; Lu and Tam, 2013). 

Emphasizing C&D waste management is to avoid too much waste generation or even to achieve 

the goal of zero waste, but this goal is correlated with time and cost (Dantata et al., 2005; 

Lauritezen and Hahn, 1992; Poon et al., 2001; Yuan et al., 2011).It is known that the factors 

mentioned above are correlated with DWG of buildings, but the above studies have failed to 

demonstrate the extent of this correlation using convincing empirical evidence. C&D waste is 

easy to see and relatively easy to measure (Lu and Tam, 2013), so empirical research methods 

such as tape measurement and truck load records are often preferred. However, owing to rapid 

on-going demolition process and the temporary nature of projects, empirical data relating to 

DWG is not always accessible and recorded. As a result, previous studies have been critiqued as 

having only a relatively small sample or having sampled relatively small sites (e.g., Lu et al., 

2011; Katz and Baum, 2011; Dahlbo et al., 2015). This study provides a novel approach, using 

big data to discover a full scope of DWG with several factors examined using available data 

concerning demolition projects. 

 

3. Big data applied to C&D waste management 

The three defining characteristics of big data are volume, variety, and velocity, or the three “Vs” 

(Laney, 2001; Zikopoulos and Eaton, 2011). Volume refers to quantity of terabytes, records, 

transactions, tables, or files; velocity finds expression in batch, near time, real time and streams; 

and variety means the data can be structured, unstructured, semi-structured or a combination 

thereof (Russom, 2011). Big data is used to create a new form of value in life, work, science and 

industry by planning and forecasting markets, organizations, and relationships between people; 

therefore, the hidden value that could be revealed by big data is highlighted as the fourth “V” 

(Mayer-Schönberger and Cukier, 2013; Gantz and Reinsel, 2011). Companies can leverage big 

data to create values such as adapting their products and services to better meet customer needs, 

optimize operations and infrastructure, and find new sources of revenue (EY, 2014). The value 

of big data can also be found in innovation, competition and productivity (Manyika et al., 2011; 

Gobble, 2013), and in many research disciplines, including biology (Howe et al., 2008), medical 

science (Murdoch and Detsky, 2013), ecological science (Hampton et al., 2013) and business 

(Chen et al., 2012) by analyzing the patterns based on the information generated. The big data in 

this study is daily generated from the waste disposal transaction recording system by HKEPD, 

and collated as well-structured datasets, with a total volume of over 500 MB in CSV files.  

 

There is a very limited but growing body of literature on big data in construction. For example, 

Renovation in Building (2014), a software company to provide solutions in the construction 

industry, has developed a big data platform that enables virtual planning of construction projects 

before and during construction works. In smart urbanization, big data, which is varied, 

fine-grained, indexical, dynamic and relational, enables real-time analysis of different systems as 

well as interconnection of data across systems providing a detailed view of relationships 
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(Kitchin, 2014). In the area of C&D waste management, Lu et al. (2015) relied on big data to 

estimate the quality of previous C&D waste management, set benchmarks for management 

performance, and to raise suggestions for management improvement. Lu et al. (2016b) applied 

big data analytics in discovering differences in public and private sector C&D waste 

management, found public sectors performed better than their private counterparts, and raised 

corresponding suggestions for policy-making. Studies by Lu et al. (2015) and Lu et al. (2016b) 

were based on the real transactional records of C&D waste, and provided a full picture of the 

C&D waste management status quo in Hong Kong. Bilal et al. (2016) also opined that big data 

analytics is an effective and advanced application in designing waste minimization. While big 

data are successfully applied to extracting the above values, this study is the first specifically 

applying big data in understanding DWG. 

 

An advantage of big data compared with traditional sampling data is that it can offer a fuller 

picture of the subject domain under investigation (Lu et al., 2015). Research findings deriving 

from big data analytics can attribute to more accurate predictions, better decisions, and precise 

interventions in practical applications (McAfee et al., 2012). This echoes the view of 

Mayer-Schönberger and Cukier (2013) that big data “refers to things one can do at a large scale 

that cannot be done at a smaller one, to extract new insights or create new forms of value, in 

ways that change markets, organizations, the relationship between citizens and governments, and 

more”. With big data, traditional theory driven research can become data driven. For example, 

Howe et al. (2008) assert that big data analytics will become the mainstream of the future 

biology research. Data mining as a discipline has developed to meet the urgent need to 

automatically discover valuable information within a large data collection and to transform it 

into organized knowledge (Han and Kamber, 2001). Frequent patterns, associations and 

correlations, classification and regression, clustering analysis and outlier analysis are patterns to 

mine in datasets (Han et al., 2011).  

 

DWG is supposed to be impacted by many factors. While in the real life, demolition projects and 

the waste generation data are not easily accessible. Big data for DWG, if available, can be used 

to isolate the effects of the factors, and identify the ones that really matter to DWG. Complying 

to the Law of Large Numbers (LLN), the average of the results obtained from a large number of 

trials should tend to become convergent to a certain value as more trials are performed (Sen and 

Singer, 1994). This study identifies the factors that influences DWG that can be generalized 

from individual projects to reflect the prevailing demolition waste management picture of an 

economy. It can alleviate the many problems (e.g. limited sample size on demolition activities) 

that have arisen in previous studies of this kind and facilitate more robust research findings in 

order to provide a clearer understanding of DWG.  

 

4. Methodology 

4.1 Description of the big data 
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The big data applied in this study constitutes three databases as shown in Fig. 1. This big dataset 

used in this study is totally about 500MB in CSV file. The core “transaction records” database is 

composed of 6,383,850 C&D waste transaction records from 2011 to 2015 generated under the 

Construction Waste Disposal Charging Scheme (CWDCS) launched by the Hong Kong 

Environment Protection Department (EPD) in 2006. Under this scheme, waste disposal facilities 

record information on every lorry load of C&D waste received from every 

construction/demolition site, including “Facility”, “Date of transaction”, “Vehicle No.”, 

“Account No.”, “Time in”, “Time out”, “Weight in”, “Weight out”, and “Net weight”. “Facility” 

refers to the name of the government waste disposal facility for C&D waste belonging to one of 

the four types: public fill reception facilities, sorting facilities, landfills, and outlying island 

transfer facilities; “Date of transaction” is the date when the facility receives the lorry of C&D 

waste; “Vehicle No.” is the license plate number of the lorry carrying C&D waste; The CWDCS 

also requires all contractors involved in C&D activities including new builds, demolition, 

renovation and maintenance to open a billing account by assigning an “Account No.”; “Time in” 

and “Time out” are when the lorry arrives and leaves the facility; “Weight in” and “Weight out” 

are the measurement of the total weight  of the lorry when it arrives and leaves the facility; and 

“Net weight” is the total weight of the lorry of C&D waste received by the facility.  

 

For every billing account, C&D works’ information, including “Account”, “Contract sum”, “Site 

address”, “Department”, and “Construction type”, is also recorded by the EPD. These accounts 

and their information form the “account information” database, which can be linked to the core 

database (i.e. “transaction records”) where “Account No.” (i.e. “Account”) serves as the bridge 

to examine each facility’s waste generation in detail. “Contract sum” is the project cost achieved 

in the construction contracts of the C&D work; “Site address” is the detailed address of the 

construction site; “Department” is the sector in charge of the C&D work, and only government 

departments are recorded; and “Construction type” is the type of the construction work (i.e. 

building, demolition, foundation, renovation, site formation, etc.).  

 

Another database, “Demolition information” shown in Fig. 1 contains “Building type” of issued 

demolition work, which is from the tables for buildings for which building authority has issued 

demolition orders in the Monthly Digest of the Hong Kong Buildings Department. “Address of 

site” is the detailed site address for the demolition work. It serves as a bridge linking 

“Demolition information” and “Account information” by referring to the “Site address” in the 

latter database.  



 8 

 

Fig. 1 Databases concerned with DWG in Hong Kong 

 

4.2 Data preparation 

Site address and account No. serve as bridges linking the three databases so as to reflect the 

whole DWG picture in Hong Kong. The variables that may correlate to DWG are identified and 

highlighted in Fig. 1. They are: contract sum, date of transaction, site address, department, and 

building type. The first four variables denote each demolition project’s cost, duration, location 

development level, and public-private developer status. Demolition projects were first identified 

according to the construction type in “account information”. While 892 demolition projects have 

been undertaken since enactment of the CWDCS in 2006, waste transaction records have only 

been collected since 2011. Therefore, projects were identified based on the following criteria: 

(a) they must be demolition projects; 

(b) the sum of the demolition weight for the account is not zero; and 

(c) there is DWG between 10 Jan 2011 and any day before 21 Dec 2015. 

 

As a result of this selection process, 422 demolition projects were selected for further analysis. 

They include 112,100 transaction records detailing DWG. While these transaction records 

number far less than the original 6,383,850, totally exceeding 500MB in CSV file, they still 

meet the volume of three “Vs” of big data because the main database consists of well-structured 

data frames, which are processed from scattered waste disposal records covering the full 

population under investigationFor every demolition project, in addition to weight sum, waste 

transaction duration is calculated based on transaction dates, the region where the site belongs to 
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is identified, the building type is sorted, and the public-private nature of the client is identified. 

The data is then ready for correlation analyses in order to find out the factors influencing DWG.  

 

4.3 Data analysis 

First, pairwise correlation analysis is conducted to examine whether the following pairs of 

factors are correlated:  

(a) contract sum and duration, 

(b) weight and contract sum, 

(c) weight and duration, 

(d) weight and site region, 

(e) weight and building type, and 

(f) weight and public-private nature of the developer. 

 

Contract sum denotes the price of the contract agreed between the contractors and clients, which 

can be regarded as demolition cost in this study; duration for a demolition project is the waste 

generation period, which can be regarded as the demolition duration considering the limited 

buffer area for demolition waste storage in Hong Kong; weight is the total waste amount finally 

sent to the waste receiving facilities for the demolition projects; site region is the region (i.e. 

Hong Kong Island [HK], Kowloon [KLN] or the New Territories [NT]) where the demolition 

site belongs to; building type is the usage of the demolished premise (i.e. civil & Building 

service [civil&BS], commercial, industrial, residential & commercial [R&C], residential or 

others); and public-private nature of the developer denote the sector that develops the project 

involving the demolition work (i.e. public or private sector). 

 

After understanding the above-listed pairwise correlations, regression is conducted to examine 

how independent factors (i.e. site region, building type and public-private nature of the 

developer) collectively impact on DWG in individual projects. Regression is a classical data 

analysis approach for examining the influence factors for a result (Draper et al., 1966). 

Generation of construction waste in relation to economic activity has been well demonstrated by 

the EEA (1999) using the linear regression approach. Therefore, this study adopts regression to 

identify the factors influencing DWG. All analyses were performed in R, open-source data 

analysis and graphics software. It is expected that the big data, encompassing the detailed DWG 

of a full population (i.e. all completed demolition projects during the period), will allow more 

robust statistical analyses. Bearing in mind that “correlation does not imply causation”, the 

researchers also interrogate the data and other data sources for particular demolition projects in 

order to understand the actual causal effects between factors. 

 

5. Results 

5.1 Correlations between contract sum, duration and waste weight 

The distributions of contract sum and ln(ln(contract sum) are roughly plotted in Fig. 2. The 
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former is too skewed thus the latter is made for a similar normal distribution. The values of 

ln(ln(contract sum)) are employed in the afterward regression analysis as it is better for the 

variables to be similar to a normal distribution in the linear regression. The distributions of 

demolition duration and ln(duration) are plotted in Fig. 3. The former is too skewed thus the 

latter is made for a similar normal distribution for the afterward regression analysis.  The same 

is for the distributions of waste weight and ln(waste weight), which are shown in Fig. 4, and 

ln(waste weight) is used for the regression analysis..  

 

Fig. 2 The distribution of contract sums and ln(ln(contract sum))s 

 

 

Fig. 3 The distribution of durations and ln(duration)s 

 

 

Fig. 4 The distribution of waste weights and ln(weight)s 
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To investigate how they are correlated, the scattered plots of pairwise combinations of the 

variables are demonstrated in Figs. 5, 6 and 7. Readers of this paper are reminded that there are 

𝐶3
2 = 3 pairs of correlations to be examined given the three potential influence factors. It can be 

seen from Figs. 5, 6 and 7 that there appears to be a positive correlation between ln(ln(contract 

sum)), ln(duration) and ln(weight) for the 422 demolition projects. To some extent, this 

observation can be explained with the trend lines and the corresponding equations in Figs. 5, 6 

and 7. This observation is consequently confirmed by statistical analyses. The R squares and 

P-values of the linear regressions for the combinations of the variables are listed in Table 1. The 

R squares of the trend lines, which are statistical measures of how close the data are to the fitted 

regression line, here fail to approach 1, which indicates perfect fitting. The equations in these 

figures are thus lack of representativeness to reflect correlations, (a), (b) and (c) owing to the 

low R squares. If R squares approach 1, when either duration or contract sum is given, 

demolition waste weight can be estimated using the equations. Nevertheless, the higher the 

P-values are, the less the correlation significances are between contract sum, duration and waste 

weight of a demolition work.  The P-values listed in Table 1 are far less than 0.001, which 

indicate the possibilities to receive the null hypothesis that there is no relationship between the 

tested variables are all less than 0.001 for the three pairs of correlations. 

 

The extremely low P-values indicate a very strong relationship between contract sum, duration, 

and waste weight of demolition projects. The data of Hong Kong shows contract sum of the 

demolition work, demolition duration, and demolition waste weight are positively correlated in a 

general pattern. Therefore, DWG measured by weight is significantly influence by buildings’ 

exogenous factors such as contract sum and the duration of the demolition work, which is also 

effective in other cities because contract sum and demolition duration are generic characteristics 

for every demolition project. However, the low R squares of the equations of the trend lines 

indicate there might be factors (e.g. demolition method, geometrical characteristics, building 

usage, and building location as mentioned in Section 2) influencing the DWG other than 

contract sum and demolition duration. 

 

Table 1 R squares and P-values of combinations of ln(ln(contract sum)), ln(duration) and 

ln(weight) 

Combination of variables R square P-value Correlation 

significance 

ln(ln(contract sum)) and ln(duration) 0.0926 7.97×10-12 Significant 

ln(weight) and ln(contract sum) 0.1562 6.25×10-26 Significant 

ln(weight) and ln(ln(duration)) 0.2629 1.76×10-12 Significant 
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Fig. 5 Correlation between ln(ln(contract sum) and ln(duration) 

 

 

Fig. 6 Correlation between ln(weight) and ln(ln(contract sum)) 
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Fig. 7 Correlation between ln(weight) and ln(duration) 

 

5.2 Multiple linear regression with project characteristics 

Firstly, it is hypothesized that DWG will be impacted by region in which the project is located. 

Hong Kong is divided into three regions; HK, KLN and NT. Of the 422 demolition projects, 202 

projects are located in HK, 160 in KLN, and 60 in NT. The ln(weight)s of projects in the three 

regions are plotted in Fig. 8. It can be seen that projects located in NT generate less demolition 

waste than projects in HK or KLN. Linear regression is performed with ln(weight) as response 

variable and regions as explanatory variables in R. The result is shown in Table 2. The P-values 

for project characteristics here also mean the possibility of accepting the null hypothesis that the 

project characteristic have no effect on ln(weight). Therefore, whether a demolition project is 

located in NT or not (P-value=6.19×10-9) is indeed a factor strongly affecting ln(weight). 

Therefore, the 422 projects can be divided into two regional groups, NT or HK&KLN, for 

further analyses. To estimate the difference in DWG of NT and HK&KLN projects, the medians 

of ln(weight)s and weights for projects in NT and HK&KLN are calculated and shown in Table 

3. It appears from this analysis that demolition projects on Hong Kong Island and in Kowloon 

are much more wasteful than those in the New Territories.  
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Fig. 8 The ln(weight)s of projects in HK, KLN and NT 

 

Table 2 P-values of the linear regression with region as explanatory variables 

Variable P-value Controlling significance 

NT or HK&KLN 6.19×10-9 Significant 

KLN or NT&HK 0.925 Not significant 

 

Table 3 The medians of ln(weight)s and weights for projects in NT and HK&KLN 

Median NT HK&KLN 

ln(weight) -0.86 0.58 

weight (kiloton) 0.50 1.79 

 

 

Building types of the 422 demolition projects are identified mainly based on the Monthly 

Digests of the Government Buildings Department of Hong Kong and include apartment, 

residence, commercial, industrial, R&C, garden features, recreational facilities, playground, park, 

and BS. This study divides these building types into six categories based on their similarities: 

civil&BS, commercial, industrial, R&C, residential and others. When n categories are tested as 

an influence factor, n-1 explanatory variables sufficient to represent this factor should be applied 

in regressions. Therefore, five explanatory variables listed in Table 4 are randomly selected in R 

for regressing the building categories as a DWG influence factor. The ln(weight)s of the six 

building categories are plotted in Fig. 9. Differences in the ln(weight)s between the categories 

can be observed. In addition, linear regression is performed in R, and the P-values are shown in 

Table 4. The P-values show each category significantly impacts on ln(weight), which means 

there are statistically significant ln(weight) differences between these categories. The medians of 

ln(weight)s and weights for projects belonging to different categories are calculated and shown 

in Table 5. The result shows that the largest waste amount (3.63 kilotons) resulted from 

industrial building demolition, civil&BS demolition work generated the least waste at 0.11 
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kilotons, and commercial, residential, and R&C building demolition generated a waste amount 

of 1 to 2 kilotons. 

 

 

Fig. 9 The ln(weight) of projects by building categories 

 

Table 4 P-values of the linear regression with building categories as explanatory variables 

Variable P-value Controlling 

significance 

Commercial or not 1.50×10-13 Significant 

Industrial or not <2×10-16 Significant 

R&C or not 6.72×10-15 Significant 

Residential or not 3.35×10-13 Significant 

Others or not 2.26×10-9 Significant 

 

Table 5 The medians of ln(weight)s and weights for projects by building categories 

Median Civil&BS Commercial Industrial R&C Residential Others 

ln(weight) -2.17 0.32 1.29 0.55 0.24 1.01 

weight 

(kiloton) 

0.11 1.38 3.63 1.73 1.27 2.75 

 

Some demolition permits, particularly in the case of institutional buildings, are requested by 

public clients such as the Civil Engineering and Development Department, the Lands 

Department, the Architectural Service Department, and the Hong Kong Housing Authority, 

while others are requested by private developers. Among the 422 demolition projects, 387 were 

developed by a private sector entity and 35 by government departments. Their ln(weight)s are 

plotted in Fig. 10, where each dot represents a demolition project. It can be seen from Fig. 10 

that private sector projects seem to result in higher DWG than public sector projects. 

Interestingly, Lu et al. (2016) discovered a notable C&D waste management performance 

disparity between the public and private sectors in Hong Kong, with contractors performing 
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better in managing both inert and non-inert waste in public projects than in private projects. The 

public-private nature of projects is regressed as an explanatory variable, and the p-value is 

1.64×10-12, which means that ln(weight) is highly related to the project’s public-private nature. 

The medians of ln(weight)s and weights for projects belonging to different sectors are calculated 

and shown in Table 6. Waste generation by private projects (1.60 kilotons) is nearly 10 times that 

of public ones (0.18 kilotons). 

 

Fig. 10 The ln(weight) of projects by public-private nature of developers 

 

Table 6 The medians of ln(weight)s and weights for projects developed by public and private 

sectors 

Median Public Private 

ln(weight) -1.73 0.53 

weight (kiloton) 0.18 1.69 

 

Multiple linear regression is performed with region, building category, and public-private nature 

of developer as explanatory variables and ln(weight) as the response variable. Table 7 shows the 

result of the multiple linear regression. The adjusted R square is 0.2655, which means the 

regression is not perfectly fitted. The p-value of the regression is <2.2×10-16, which means all 

three factors significantly impact on ln(weight). Although a project’s DWG is not purely 

dependent on its region, building category, and public-private nature, it is significantly 

influenced by these three factors. Moreover, every variable in the regression is significantly 

controlling for the other variables, meaning every explanatory variable is effective in impacting 

ln(weight) when other variables are controlled. 

 

Table 7 The result of multiple linear regression with region, building category, and 

public-private nature of the developer as explanatory variables 

Variable P-value Significance R square P-value 

NT/HK&KLN 8.75×10-7 Significant   
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Commercial or not 2.66×10-8 Significant  

 

0.27 

 

 

<2.2×10-16 

Industrial or not 1.24×10-14 Significant 

Others or not 9.86×10-7 Significant 

R&C or not 1.03×10-7 Significant 

Residential or not 1.26×10-7 Significant 

Public/Private 8.02×10-4 Significant 

 

6. Discussions 

6.1 Demolition waste generation (DWG) and buildings’ indigenous factors 

As evidenced by the extremely small P-values, this research strongly asserts that DWG 

measured by weight is significantly affected by a building’s indigenous factors such as 

geographical location, usage/category, and public-private nature. The big data analytics reveal 

that the demolition waste amount disposed of by projects located in Hong Kong (HK) and 

Kowloon (KLN) is generally three to four times higher than that of New Territories (NT) 

projects. 

 

Before the 1970s, most residential, commercial and industrial activities were concentrated on 

Hong Kong Island and the Kowloon peninsula, while the New Territories were not well 

developed (Li et al., 2004). At present, according to the Hong Kong in Figures by Census and 

Statistics Department (C&SD) (2016), HK and KLN have been developing into high-density 

locations with a population density of 15,740 per km2 for the former and 47,040 per km2 for the 

latter, while NT has only developed to a population density of 4,020 per km2. Amid HK and 

KLN’s urban decay, new buildings are developed on demolition sites; indeed, HK and KLN had 

a total of 362 demolition projects over the period studied, while the NT had only 60. 

Representative buildings in the developed areas of HK and KLN are modern, with a standard 

design and more than six floors; those in the NT are old village houses, often with just one or 

two storeys. Redevelopment in KLN and HK is more urgent, thus less attention is paid to waste 

management as it is often labor-intensive and time-consuming. From Fig. 11, it can be seen the 

confined land areas of KLN and HK (i.e. 80.7 km2 and 46.9 km2), which are around 10 and 20 

times less than that of NT (i.e. 978.1 km2) are possibly another factor explaining the urgent need 

of redevelopment. HK and KLN are the two main regions for DWG in Hong Kong, and 

government should therefore strategically handle them with more caution. 
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Fig. 11 Map of Hong Kong (C&SD, 2016) 

 

This study also found that building usage/category has a great influence on DWG. Certainly, 

different structures and building technologies were adopted appropriately when the buildings 

were designed and erected for different uses. Notably, DWG from industrial buildings is far 

higher than that of other building categories. Hong Kong Legislative Council (2011) pointed out 

most of Hong Kong's industrial buildings are located in urban areas and furnished with large 

floor plates, high ceilings, strong floor loadings, wide corridors and large lifts for the 

manufacturing industry. As a result of these characteristics, these buildings generate more waste 

material upon demolition. Also notable is that the waste generated by demolition of 

residential/commercial (R&C) complex buildings is higher than that of single function (either 

residential or commercial) buildings; possibly because R&C complex buildings have a higher 

plot ratio and more GFA than simple residential or commercial buildings. Civil and building 

services (BS) demolition works generate the least amount of waste. This is because the civil 

projects in this study including pump stations, public toilets, playgrounds and swimming pools, 

and BS facilities such as lifts, electromechanical systems, and air conditioning systems are 

generally small in scale. 

 

It is somewhat surprising to find that the public-private nature of a demolition project has a 

statistically significant impact on DWG. General belief is that both sectors are under the 

governance of the same set of CWM-related regulations, and thus there should be no disparity 

between them in CWM performance. This study specifically compared DWG using five years’ 

waste disposal records, discovering that the median waste weight for demolition projects 

conducted by private developers is about 10 times that of their public counterparts. The finding 

that the public sector performs better in demolition waste management than the private sector 
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echoes that in Lu et al. (2016), which suggested that public projects are obligated to show 

leadership in environmental protection while private developers are motivated by profit. It is 

often said that Hong Kong’s private construction sector is populated by “cowboys” and is 

“unmanageable”. Indeed, it is no surprise that profit is the private sector’s mantra in the world’s 

freest economy for 22 years running. It is at the sector’s discretion to make the commitment to 

C&D waste management in conjunction with other considerations such as development costs 

and timing. 

 

6.2 Demolition waste generation (DWG) and buildings’ exogenous factors 

This research confirmed that DWG measured by weight is significantly affected by buildings’ 

exogenous factors such as contract sum and the duration of the demolition work. It is intuitive 

that the larger the amount of waste generation, the higher the demolition cost and contract sum 

will be. The big data validates this intuition, yet exceptions exist due to the dynamic relationship 

between these factors, which are also proved not dominant for each other in this study Proper 

financial investment could affect C&D waste management performance (Mills et al., 2009), 

which means that sometimes a higher contract sum may lead to lower DWG. In some cases, 

longer duration leads to improved on-site sorting possibilities and degree of recycling and reuse 

of materials, resulting in reduced DWG. The demolition cost of a building is determined by a 

number of factors, such as labor cost, disposal cost, resale value of deconstructed materials 

(Dantata et al., 2005), and complexity of the work. Therefore, in some exceptional situations, 

developers may be willing to invest more in waste recycling and reuse, for instance by adopting 

deconstruction as the demolition method; as a result, less demolition waste will be sent to 

disposal facilities. For the demolition waste reduction, government may compensate for 

demolition contractors who involved financial investment in waste recycling and reuse, and/or 

less wasteful demolition methods. If doing so, the practices of recycling and reuse and adoption 

of demolition methods should be carefully identified and quantified to establish the criteria of 

compensation. 

 

6.3 Big data analytics in C&D waste management 

This study took advantage of an existing big dataset in C&D waste management to understand 

the nature of DWG by connecting the dataset with other open databases. Big data can mitigate 

the potential bias in small sampling data and provide a fuller picture, which comes closer to 

objective truth. The big dataset in C&D waste management has been employed to empirically 

investigate the hidden causes of poor and superior management (Lu et al., 2015; Lu et al., 2016b) 

and to develop a forecasting method (Lu et al., 2016a) to advance C&D waste management. 

However, the systematic application of big data in C&D waste management continues to be 

hindered by challenges such as privacy, technology, accuracy, and security. Building a big data 

system, which can acquire, store, and analyse data is more complicated than merely collecting 

existing big data for analysis but, if these challenges can be dealt with, such a system could lead 

to an era of data-driven decision-making. The big data in this study was generated from 

government management system, as a result, unintentionally contribute to the findings in the 
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factors affecting DWG, which may serve as references for intervening the public policy-making. 

Therefore, establishing a big data system is necessary for the purpose of improving the 

examination of status quo, insightful decision making, and regulation formulation. 

 

6.4 Applications of this study and suggestions for future studies 

This study adopts Hong Kong as a case to examine the influencing factors on waste generation 

amount for construction projects. As contract sum and demolition duration are found as the 

indigenous factors, the total DWG can be predicted if contract sum and proposed demolition 

duration are given. Owing to the large volume of projects used, they can be generalized to 

projects in other countries or regions as two variables for prediction of total DWG amount for 

individual projects. However, the region, building category and public-private nature of the 

demolition project are the exogenous factors, which are in the context of Hong Kong with a 

high-density urban environment. Disparities of DWG caused by these factors can be different in 

other economies owing to their different political systems and urban planning. Yet, the 

development levels of different regions, the usage of buildings and the public-private nature of 

demolition buildings, which may lead to DWG disparities, serve as the factors that need serious 

considerations no matter doing studies, policy making or other related doings in other economies 

to alleviate environmental degradation and landfill space depletion caused by demolition waste. 

In the context of Hong Kong, developers and contractors can re-examine their waste 

management performance based on the average DWG level by region, category and 

public-private nature. Meanwhile, the government can target ‘hot spot’ regions, building 

categories and sectors: that is, HK&KLN, industrial, residential, R&C, and commercial, and the 

private sector, in its attempts to reduce C&D waste.  

 

Although this study has successfully proven that DWG is highly affected by contract sum, 

duration, development level of the region, building type, and public-private nature of developer, 

these factors cannot account for all DWG therefore are not applicable for DWG projection in 

new demolition works due to the relatively low R square, 0.27. This limitation is due to the 

difficulty of collecting data concerning other independent factors that potentially impact DWG 

such as building age, demolition method, and whether the new development on the demolition 

site is a green building. With more factors found, future studies are suggested to model the 

forecast of the DWG of individual projects with inputting the values of identified factors. 

Nevertheless, the factors found in this study are indeed causes lead to the disparities of the DWG 

of buildings in Hong Kong, and worthy considerations in C&D waste management in other 

countries or cities. 

 

7. Conclusions 

This study identified the factors that impact the amount of waste generated by demolition 

projects by mining a big dataset generated in a five-year period from 2011 to 2015. By taking 

advantage of the big data, it was found that the exogenous factors (i.e. demolition cost and 
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duration) and indigenous factors (i.e. regional development level, building category, and 

public-private nature of the development) significantly influence DWG amount. The exogenous 

factors indicate government should financially support demolition contractors in performing 

waste recycling and reuse, and/or adoption of less wasteful demolition methods. For the 

indigenous factors, it was found that DWG disparities are caused by conscious on-site and 

off-site waste segregation and recycling, but this is not substantiated by the existing evidence. In 

Hong Kong, it is suggested that the government focus on demolition waste reduction in projects 

located in HK and KLN, and industrial, residential, R&C and commercial buildings developed 

by the private sector as these are the most wasteful demolition projects. The study not only 

offers reliable references for contractors, developers, and the government to make 

evidence-based policies and strategies and improve C&D waste governance in demolition 

projects, but also provides a big data approach to understanding the factors affecting DWG. 

Future studies are suggested to examine more factors that may influence DWG so as to provide 

more references for stakeholder interventions. 
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