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Abstract: There is an increase in decoration and renovation activities in the construction industry,
and waste generation rates (WGRs) play a crucial role in guiding the management of demolition
waste in decoration and renovation projects (DWDRPs). However, there has been little systematic
research on this type of waste. Based on site surveys and a document review of 26 projects, this
study offers insights into DWDRP wastes, from their initial generation to their final disposal. The
results revealed that the WGRs for DWDRPs ranged from 30.96 kg/m2 to 629.96 kg/m2 and that the
key components of DWDRPs included mortar, concrete, timber, tile, and metal; these five types of
waste contributed 75.02% of the total waste. Although these findings deviate slightly from those of
previous studies, these variations are attributed to diverse waste management practices, awareness
levels, and employed construction technologies. Despite its importance, in China, the management
of DWDRPs faces challenges, such as limited public awareness, inadequate collection and sorting
guidance, and insufficient legislation. To counter these issues, we recommend a set of strategies,
including stringent regulations, enhanced supervision, government incentives, improved collection
and sorting methods, and the adoption of innovative technologies. This study not only sheds light on
the specific challenges in decoration and demolition waste management in rapidly urbanizing areas
but also proposes a comprehensive approach for improving waste management practices.

Keywords: decoration; renovation; demolition waste; sustainable construction; waste generation
rates; waste management

1. Introduction

With the increasing demand for an improved quality of life, decoration and renovation
activities have witnessed a surge in frequency over the past decade. Based on data from
Statista, the global revenue of the decoration industry in 2023 amounted to 28 billion
US dollars. Within this total, Europe contributed 6 billion US dollars, the United States
contributed 4 billion US dollars, and China contributed 8 billion US dollars. The Chinese
decoration and renovation industry has experienced remarkable expansion, reaching an
impressive production value of 101 billion US dollars in 2017 [1] and the total value of
completed projects reaching 655.8 billion US dollars in 2018, marking substantial increases
from 2008 [2]. This growth has led to an increase in decoration and renovation project
wastes (DWDRPs), which account for 13–15% of construction and demolition wastes
(CDWs), significantly impacting urban solid waste management [3,4]. DWDRPs contain a
variety of harmful substances, posing challenges for environmental sustainability [5].

Despite the acknowledged impacts of DWDRPs, there is a notable lack of standardized
definitions and comprehensive research on this waste category, especially in the context
of China’s rapid urbanization. In Europe and the United States, DWDRPs are broadly
classified under CDWs, but such a classification overlooks the unique compositions and
disposal challenges of DWDRPs in China [6,7].
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In this context, our study aims to bridge this gap by providing a comprehensive
investigation into the compositions and waste generation rates (WGRs) of DWDRPs in
China, enhancing the understanding of their environmental impacts and proposing effective
management practices. However, it is important to note that the projects covered in our
study typically encompass elements of both renovation and decoration, which complicates
the clear categorization into purely “renovation projects” or “decoration projects”.

In developed countries, the recovery rates of DWDRPs have been effectively utilized,
such as in Japan, Germany, and the United States, with recovery rates reaching 96%, 88%,
and 76%, respectively. In contrast, in China, the best-performing cities, such as Shanghai
and Shenzhen, achieve recovery rates below 15%, significantly lower than the levels ob-
served in developed countries [8]. It is evident that there has been a lack of comprehensive
research dedicated to exploring DWDRPs in China. Cities are taking proactive measures to
enhance waste management. For instance, being a prominent megacity in southern China,
Shenzhen, akin to numerous major urban centers in emerging economies, is currently
experiencing a phase of rapid urban development while simultaneously grappling with
the multifaceted challenges associated with sustainable progress. Shenzhen has embarked
on an innovative urban development initiative, setting an exemplary model for what is
commonly referred to as a “zero-waste” city. The primary objectives of this endeavor are to
significantly curtail the requirement for landfill space and mitigate the environmental reper-
cussions linked to solid waste management (GOSC, 2019) [9]. As a part of this process, there
is an urgent necessity to comprehend the generation of DWDRPs within the rapidly devel-
oping decoration and renovation sectors. Islam et al. (2019) highlighted that a critical facet
of effective waste management involved the precise estimation of building-related waste
quantities [10]. The accurate estimation of DWDRPs within China and the implementation
of corresponding regulatory measures represent crucial steps toward the attainment of the
“zero-waste” city’s objective. Essential factors in this endeavor encompass the meticulous
consideration of waste quantities, compositions, and flow, all of which play a pivotal role
in the development and execution of waste management strategies in pursuit of this goal.

This study aims to address these gaps by comprehensively investigating the composi-
tions and WGRs for DWDRPs in China. It seeks to enhance the understanding of DWDRPs’
environmental impacts and propose effective management practices. The research unfolds
in four stages, starting with an in-depth literature review, followed by an investigation of
WGRs through site visits and a project document analysis, leading to data analysis and the
presentation of the findings.

2. Literature Review
2.1. Compositions of DWDRPs

As previously mentioned, when examining DWDRPs, there is currently no universally
accepted definition worldwide. It is impressive to establish a precise definition of this
term. DWDRPs are typically categorized as a type of construction waste. According to
Chinese regulations, DWDRPs pertain to materials, such as wasted concrete, wasted bricks,
wasted wood, and other byproducts, resulting from the decoration and demolition activities
of walls, floors, ceilings, and similar components [11]. The geographical distribution of
DWDRPs exhibits a tendency for concentration, primarily observed at construction sites, in
urban areas, and at various other locations [12].

DWDRPs encompass a combination of materials, including both inert substances
and non-inert hazardous elements, generated during the processes of the decoration and
demolition of buildings. Typically, DWDRPs comprise predominantly inert materials, like
concrete and bricks (blocks), which generally entail a lower environmental risk compared
to hazardous wastes [13]. Non-inert materials utilized in interior decoration activities
include elements that contain toxic substances, such as heavy metals [8]. The inert material
category encompasses both soft inert materials, such as soil, earth, silt, and slurry, as well
as hard inert materials, including rocks and fragmented concrete. In contrast, non-inert
materials consist of metals, timber, plastics, and packaging wastes [4,14]. According to
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the literature, the contamination of soil and water can occur because of pollutants, like
heavy metals and brominated flame retardants [14]. Polybrominated diphenyl ethers and
hexabromocyclododecane, among other substances, pose significantly higher potential
risks [15]. In China, it is worth noting that, in most cases, no construction permit is re-
quired during the building decoration and demolition stages. Largely unregulated and
decentralized decoration and demolition activities, coupled with the lack of effective waste
management oversight, have resulted in low recycling rates and an increased potential for
environmental pollution [4]. DWDRPs are typically disposed of through simple landfill-
ing or dumping procedures, often without adequate environmental safeguards [8]. This
rudimentary disposal method not only occupies extensive land areas but also poses the
risks of soil and groundwater contamination when non-inert DWDRPs leach toxic sub-
stances following rain events [16]. Recognizing its substantial role in shaping the living
environment, the decoration industry has also been associated with adverse effects on
the natural environment [8]. Decoration, inherently, is environmentally unfriendly as it
generates substantial DWDRPs as byproducts of diverse decoration activities. Statistical
data underscore the considerable environmental impacts of decoration activities across
different nations [17,18]. Through the characterization of metal concentrations in DWDRPs,
this study unveiled significantly higher metal levels in non-inert wastes. This underscores
the critical importance for implementing effective waste management practices [19]. By
investigating the leaching behaviors of potential heavy metals under conditions of acid
rain and landfill leachates, Yu et al. (2019) revealed that household waste leachates exerted
a more pronounced influence on the migration of heavy metals [20].

2.2. Overview of DWDRP Management

The relentless expansion of urban landscapes has been paralleled by a commensurate
rise in the wastes generated from construction, decoration, and demolition activities [21].
Yu et al. (2018) contend that as a distinct component of the broader CDW category, DWDRPs
encompass a heterogeneous mix of materials [19]. These include inert substances, like
concrete, bricks, and tiles, as well as hazardous constituents, such as heavy metals and
organic pollutants, which pose significant environmental and public health risks when not
managed appropriately [4,8,19,22,23]. The challenge for managing these wastes is further
compounded by the varying natures of decoration and demolition practices influenced by
a matrix of economic, cultural, and technological factors, underscoring the critical role of
WGRs as an essential metric for effective waste management [4,8,22].

Methodologies for quantifying DWDRPs reflect this complexity, ranging from sim-
ple empirical estimates to sophisticated analyses tailored to specific building types and
demolition activities [8]. Accurate WGRs are dependent on data regarding a building’s
use, age, and renovation frequency, which are essential for informing the development
of policy and regulation; however, such data are not always readily available or robust,
leading to a reactive rather than a proactive stance in legislative development [4]. Cur-
rent regulatory measures in China, such as Shanghai’s waste management provisions and
those by the Ministry of Housing and Urban–Rural Development of the People’s Repub-
lic of China, exhibit gaps that need to be filled to capture the full spectrum of DWDRP
management needs [6,24].

The ecological impacts of DWDRP management practices are a growing concern, with
previous studies, highlighting the long-term contamination risks associated with non-inert
wastes [20]. These risks are exacerbated by disposal methods that lack the sophistication
needed to prevent the leaching of toxic substances into the environment [25]. Consequently,
there is an exigent need for innovative waste treatment technologies that can neutralize or
segregate hazardous elements effectively [26].

In response to these challenges, some regions in China have begun to adopt innovative
waste management practices [27]. The urban model advocating for a more integrated ap-
proach proposes the use of technology for waste tracking and the promotion of sustainable
treatment technologies [28]. Building information modeling (BIM) and prefabrication are
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recognized as effective strategies for reducing waste at the source, which can lead to signifi-
cant reductions in the environmental footprints of construction-related activities [29]. These
techniques align with global sustainability objectives, highlighting the need for concerted
efforts that emphasize resource efficiency and waste minimization.

In the EU, the EU’s Waste Framework Directive outlines fundamental waste man-
agement principles emphasizing the protection of human health and the environment by
minimizing risks to water, air, soil, plants, and animals and avoiding nuisance through
noise and odors and introduces the waste hierarchy, which prioritizes waste prevention
and considers landfilling as the last resort [30]. The forecast method anticipates a notable
surge in construction and demolition wastes in Norway, particularly with concrete/bricks
and wood, offering pivotal insights for addressing future waste management capacities and
challenges [31]. The study on CDW management in Italy, underscores the environmental
and social benefits of selective demolition and best practices, highlighting the economic
barriers to their adoption in the construction sector and the need for incentives to foster a
circular economy transition [32]. Usman et al. (2021) conducted a case study to examine
the effectiveness of construction and demolition waste management practices in Malaysia’s
construction sector, particularly highlighting the potential for reuse and recycling within
residential and high-rise buildings [33]. Through research on CDW management in Kuwait,
it has been identified that existing practices are misaligned with circular construction prin-
ciples, leading to the recommendation for enhanced recycling initiatives and strengthened
legislative enforcement to significantly improve waste management efficiency [34].

2.3. Waste Generation Rates (WGRs)

WGRs serve as the critical indicator for comprehending the current state of waste
management [22]. Consequently, scholars have conducted extensive investigations into
WGRs [4,21,35–41].

Several methodologies for measuring WGRs have been illustrated. After Skoyles’s
investigation, which involved distinguishing between 37 materials, such as steel, ce-
ment, concrete, mortar, timber, and more, many subsequent studies have employed a
similar methodology [35]. Nonetheless, other studies have established comprehensive
WGRs by calculating the volume (in cubic meters) or quantity (in tons) of the waste gen-
erated per square meter of the gross floor area (GFA) without distinguishing between
materials [4,22,28,39,41]. GFA is a universally accepted and commonly used metric that al-
lows for straightforward calculations and easy data acquisition, making it highly accessible
for researchers and practitioners alike.

Various approaches have been employed to quantify waste, utilizing either weight
measurements (in kilograms or tons) or volume measurements (in cubic meters). Sub-
sequently, WGRs are calculated based on factors such as the quantity purchased per
square meter of the gross floor area (GFA) or the quantity required according to the design
specifications. As previously demonstrated, these methods for calculating WGRs have
been utilized in various countries [4,21,35–41]. In addition, some scholars have compared
WGRs across different regions [42,43]. Although it can be debated whether waste manage-
ment knowledge developed in one country is directly applicable to another, cross-country
comparisons can provide valuable insights for recognizing and adopting effective waste
management practices.

Lifetime analysis offers another method for estimating WGRs and is feasible at a
regional level. It encompasses two approaches: the life cycle analysis of buildings and
material flow analyses (MFAs). Cochran and Townsend utilized the MFA method to assess
CDW generation and composition in the US [44]. This method proves particularly valuable
for estimating waste at regional levels where data on demolition areas are lacking [45].

In summary, previous research on WGRs has employed a range of methodologies,
including direct observation, surveys, on-site investigation, and consultations, which can
be broadly classified as either ‘hard’ or ‘soft’ approaches.



Buildings 2024, 14, 908 5 of 16

As discussed above, waste WGRs have been applied in various countries and regions.
Nevertheless, there is a significant dearth of research on DWDRP generation rates in China.
Given the pivotal roles of WGRs in forecasting waste generation and facilitating waste
management, this study focuses on investigating WGRs for DWDRPs in different types
of buildings. Taking into consideration the advantages and disadvantages of the various
methods introduced above, the WGRs for DWDRPs in different types of buildings were
calculated using the waste generation rate per unit of construction area method through
on-site surveys and by studying project documents.

3. Methods

To elucidate the compositions and WGRs for DWDRPs, as well as to propose sound
recommendations for DWDRP management, a research framework has been adopted, as
shown in Figure 1.

Buildings 2024, 14, x FOR PEER REVIEW 6 of 19 
 

 
Figure 1. Research framework. 

3.1. Scope of the Study 
The constituent materials of DWDRPs encompass concrete, mortar, bricks, metals, 

timber, gypsum, paint, glass, tiles, etc. As previously mentioned, in this study, demolition 
wastes refer to the wastes generated during the demolition of interior decorations; exterior 
curtain wall decorations were excluded from this study because of the inability to obtain 
available data. DWDRPs are inherently complex; however, most of them can be recycled 
and reused after undergoing sorting procedures [4]. DWDRPs that are not amenable to be 
recycled are subsequently disposed of in landfills; therefore, the development of effective 
waste management systems for DWDRPs is indispensable to ensure the safe and environ-
mentally responsible recycling and disposal of these wastes [8]. 

All the research buildings in this study were civil buildings. As per the guidelines 
stipulated in the Uniform Standards for Civil Building Design [24], civil buildings are 
classified as either residential or public buildings. Public buildings are subsequently cat-
egorized into two groups: commercial buildings, which include retail and office buildings, 
and civic buildings, encompassing buildings related to tourism and education, as ex-
pounded upon in this study [8].  

Figure 1. Research framework.

3.1. Scope of the Study

The constituent materials of DWDRPs encompass concrete, mortar, bricks, metals,
timber, gypsum, paint, glass, tiles, etc. As previously mentioned, in this study, demolition
wastes refer to the wastes generated during the demolition of interior decorations; exterior
curtain wall decorations were excluded from this study because of the inability to obtain
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available data. DWDRPs are inherently complex; however, most of them can be recycled
and reused after undergoing sorting procedures [4]. DWDRPs that are not amenable
to be recycled are subsequently disposed of in landfills; therefore, the development of
effective waste management systems for DWDRPs is indispensable to ensure the safe and
environmentally responsible recycling and disposal of these wastes [8].

All the research buildings in this study were civil buildings. As per the guidelines stip-
ulated in the Uniform Standards for Civil Building Design [24], civil buildings are classified
as either residential or public buildings. Public buildings are subsequently categorized
into two groups: commercial buildings, which include retail and office buildings, and civic
buildings, encompassing buildings related to tourism and education, as expounded upon
in this study [8].

3.2. The Foundation for Quantifying Demolition Wastes

For estimating the quantities of DWDRPs, many researchers utilize approaches such
as on-site weighing and questionnaire surveys [4,22,38,41]. Nonetheless, these methods
demand significant investments in terms of labor and time.

When quantifying DWDRPs, material consumption refers to the standardized quantity
of materials reasonably consumed to complete the decoration task under specific condi-
tions [4]. Demolition processes typically involve mechanical or manual methods. Although
there may be some loss of materials during usage, this impact is considered negligible
in the context of the entire building. Hence, the generation of demolition wastes closely
approximates the actual material consumption during the decoration process [46]. This
pivotal factor forms the foundation for quantifying DWDRPs.

3.3. Calculation Model

This study utilized the waste generation per unit of area (WGA) method, considering
the building types and purposes (as mentioned in Section 3.1), and this approach was
subsequently validated through site visits.

Data from the project documents were added together using the formula shown in
Equation (1) to obtain the quantities of the demolition wastes in this study as follows:

W = ∑n
t=1 wt (1)

where W refers to the total weight of all the waste generated during the decoration demoli-
tion, Wt refers to the weight of the type t waste during the demolition, and n is the total
number of waste types.

Using the formula shown in Equation (2) below, the WGRs for various waste materials
were calculated as follows:

WGR =
W

GFA
(2)

where GFA refers to the gross floor area of these projects. When calculating the WGRs for
different types of waste, W should be replaced with Wt.

3.4. Data Acquisition

The primary methods employed for the data acquisition for the inventory analysis
included site visits, semi-structured interviews, and desk research. Notably, specific details
concerning the types and consumptions of building decoration materials were extracted
from the decoration material manuals of the projects, construction organization designs,
and the bills of quantities. Site visits were conducted to gather raw data from the real
environment to enable the systemic analysis [47]. Site visits offer exceptional flexibility,
boasting a high success rate and providing access to intricate, authentic, and highly specific
information [48]. In this study, during on-site surveys, the compositions of the DWDRPs
were validated, and the waste disposal methods were examined. The project documents
provided a comprehensive list, with detailed descriptions and quantities of the work,
specifying both the precise amounts of materials and compositions of materials required for
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each individual subitem. Subsequently, according to the principles of the “Standard Method
of Measurement for Building Construction and Fitting-out Works” (GB 50854-2013), the
accurate material quantities can be obtained through the project documents [49]. According
to the compositions of the materials that were used, as described in the project documents,
the classifications of DWDRPs can be determined. Importantly, during these on-site visits,
we conducted tracking of DWDRPs within specific sections of the projects and performed
immediate on-site classifications to ensure the accuracy of the project documents regarding
the types of DWDRPs. The data obtained from the project documents and the quantities
calculated using the methods outlined in GB 50854-2013 are intended to serve as estimated
quantities. These estimations are based on a systematic review of the available information
and adhere to the prescribed methodological framework.

3.5. Case Description

All the projects investigated in this study are ongoing initiatives. These projects span a
spectrum of cities across China, encompassing urban landscapes from the bustling metropo-
lis of Shenzhen in the south to the dynamic hub of Beijing in the north. Nestled in between,
they include influential urban centers, like Zhuhai, Chongqing, Xiamen, Hefei, Yancheng,
Chengdu, Huaibei, Quanzhou, and Xi’an (Table 1). Within these diverse projects, the
decoration areas exhibit a wide range, varying from 600 m2 to 35,000 m2, highlighting the
substantial geographical and architectural heterogeneity covered by this study. The on-site
conditions of the projects are illustrated in Figure 2, showing the collected wastes without
proper sorting. The architectural categories represented in these endeavors encompass
residential, commercial, and public buildings, providing a comprehensive cross-sectional
view of China’s urban development spanning the nation from its southern reaches to the
northern territories.

Table 1. Inventory and geographic distribution of projects.

Type Number Project Type Subtype Location

Residential Building

1 Decoration Apartment Zhuhai and Guangdong

2 Decoration Apartment Beijing

3 Decoration Apartment Chongqing

4 Decoration Apartment Xiamen and Fujian

Public Building

5 Decoration School Hefei and Anhui

6 Decoration School Shenzhen and Guangdong

7 Decoration School Shenzhen and Guangdong

8 Decoration School Shenzhen and Guangdong

9 Decoration and Renovation Academic Building Zhuhai and Guangdong

Commercial Building

10 Decoration and Renovation Hotel Yangcheng and Jiangsu

11 Decoration and Renovation Theater Shenzhen and Guangdong

12 Decoration Office Shenzhen and Guangdong

13 Decoration Factory Workshop Chengdu and Sichuan

14 Decoration Office Shenzhen and Guangdong

15 Decoration and Renovation Cinema Shenzhen and Guangdong

16 Decoration Office Huaibei and Jiangsu

17 Decoration Office Huaibei Jiangsu

18 Decoration and Renovation Shopping Street Quanzhou and Fujian

19 Decoration and Renovation Market Shenzhen and Guangdong

20 Decoration Office Shenzhen and Guangdong
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Table 1. Cont.

Type Number Project Type Subtype Location

Commercial Building

21 Decoration Hotel Shenzhen and Guangdong

22 Decoration Office Shenzhen and Guangdong

23 Decoration Shop Shenzhen and Guangdong

24 Decoration Office Shenzhen and Guangdong

25 Decoration and Renovation Sports Arena Xi’an and Shaanxi

26 Decoration Office Shenzhen and GuangdongBuildings 2024, 14, x FOR PEER REVIEW 10 of 19 
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3.6. Data Limitations

In investigating DWDRPs, it is crucial to recognize the intricate and diverse nature
of real-world project situations. The data involved in this research are complex and
multifaceted, encompassing a broad spectrum of calculations with inherent intricacies.
Additionally, the data range is limited given the dynamic nature of the field. The data
used for this research were collected from a limited number of projects in specific regions
of China, which may not be fully representative of the entire country. Therefore, the
generalizability of the findings to other regions should be made with caution. The accuracy
of the data heavily relies on the quality of the project documents. In cases where these
documents were incomplete or inaccurate, it may have impacted the precision of the waste
generation rates calculated in this study. It is imperative to emphasize that the foundational
premise of this research hinges upon a certain level of trust in the diligence and accuracy of
the personnel responsible for recording and documenting this information.

4. Results and Discussion

In this research, the validation was primarily conducted through site surveys and the
review of the project documentation (Section 3.4, Data Acquisition). Specifically, we utilized
detailed information from construction organization manuals, design drawings, and bills
of quantities, combined with data collected from site visits, to verify the compositions and
WGRs for DWDRPs.

4.1. Compositions of DWDRPs

The compositions and percentages of DWDRPs by weight in this study are based
on the calculation model in Section 3.3 and data acquisition in Section 3.4. DWDRPs
encompass various materials, including mortar, concrete, timber, gypsum, metal, tile, stone,
glass, brick, paint, and others. The amounts of DWDRPs generated in this study and their
compositions and contributions are shown in Figure 3c. Among the primary components,
mortar waste comprises the most significant portion at 31.48%, while concrete and timber
contribute 11.06% and 11.00% of the total demolition waste, respectively. Furthermore,
tile and metal also constitute a substantial portion of the demolition waste, accounting for
10.75% and 10.73%, respectively. Statistically, those five types of waste contribute 75.02%
of the total waste. This finding is inconsistent with the percentages of wastes in CDWs as
well as decoration and renovation wastes [8,46]. Additionally, gypsum, brick, and stone
are large parts of demolition wastes, accounting for 8.09%, 6.34%, and 5.93%, respectively.
Glass, paint waste, and other non-inert materials account for 4.62% of the total waste. It
is worth noting that based on on-site observations, the paint waste is found in mixed
fragments at the construction site. It is important to point out that the contents of bricks in
DWDRPs, as revealed by this study, are lower in comparison to their proportions in CDWs
as well as decoration and renovation wastes [8,46]. This is because all the projects under
investigation are not brick–concrete structures but are framed structures and frame–shear
structures, resulting in a significant reduction in the use of bricks.

4.2. Waste Generation Rates (WGRs) for DWDRPs

We employed the mean average in our analysis as it provides a concise overview
and reflects the central tendency of all the cases. Therefore, the mean average effectively
represents the overall situation. These findings revealed that the WGRs for DWDRPs
ranged from 30.96 kg/m2 to 629.96 kg/m2, as shown in Figure 3a. The overall mean
value was 200.38 kg/m2. With respect to the compositions, it was found that a significant
amount of mortar was generated during demolition activities, and we used a mean value of
63.08 kg/m2, constituting approximately 31% of the total amount because of its extensive
utilization across various building types. The second largest contributor is concrete, which
accounts for 11% of the total amount (mean: 22.15 kg/m2), followed by timber, tile, and
metal, with mean values of 22.04 kg/m2, 21.53 kg/m2, and 21.49 kg/m2, respectively,
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as shown in Figure 3b. These five types of waste accounted for more than 70% of the
total amount.
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The WGRs varied according to the building category. The WGRs observed in the
residential category had an average value of 305.00 kg/m2, followed by the commercial
category, which had the second highest WGRs, with a mean value of 207.39 kg/m2. The
lowest waste generation rate is found in the public category, with an average value of
88.76 kg/m2. These findings are different from those in previous research, which had
suggested that the WGRs for residential buildings were the highest and that the WGRs for
commercial buildings were the lowest [8]. This could be attributed to the fact that residential
buildings typically involve more interior walling and floor installations, which often
necessitate the use of mortar as a decoration material. Furthermore, public buildings often
employ simplified decoration techniques and accommodate shorter construction periods,
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thereby reducing WGRs. The details of the WGRs and the compositions of demolition
wastes for different building types are shown in Figure 4.
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4.3. Implications of the Waste Generation Rates (WGRs) in This Study

These findings, as illustrated in Figure 3c, delineate the material compositions of DW-
DRPs, with mortar, concrete, timber, metal, and tiles being predominant. This composition
suggests a targeted approach for waste reduction efforts by contractors, especially given
the significant variability in WGRs across different building types. The pronounced waste
generation in residential buildings, as opposed to non-residential ones, corroborates earlier
research [8,46], underscoring the need for sector-specific waste management strategies
and offering new insights that enrich the theoretical understanding of construction and
demolition waste dynamics.

Table 2 shows that the WGRs for the DWDRPs observed in this study slightly deviate
from previous research findings [23,31,39,46,50,51]. However, it is important to note that
the primary objective for including these comparisons was to emphasize the variability and
range of WGRs observed in different geographical and constructional contexts rather than to
draw direct equivalences. The large variation in WGRs can likely be ascribed to contrasting
waste management methodologies, varying levels of waste management awareness, and
diverse construction technologies employed by different contractors [22]. These WGRs
serve a dual function: First, they facilitate the categorization of waste into distinct groups,
enabling in-depth examinations of specific waste types based on their characteristics and
underlying factors (e.g., construction technologies and waste management and material
management procedures); second, when considering waste in its entirety, they facilitate the
comprehension of the overall volume of waste generated by a single project or multiple
projects [4]. Utilizing WGRs, project managers can quantify the production of waste and
formulate waste management and disposal strategies [8]. For example, in cases where the
estimated demolition waste is substantial, architects and designers can, during the initial
phases, modify the design to minimize the waste generation; furthermore, when WGRs are
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notably high, project managers can emphasize reuse and waste recycling, aligning with the
best practices for sustainability [4,22].

Table 2. WGRs for demolition wastes in different regions.

Source Year Country/Region Waste Type WGR (kg/m2)

Metro Vancouver (2008) [51] 2008 Canada CDWs 547
Mália et al. (2013) [42] 2013 EU CDWs 195–1640
Bergsdal et al. (2007) [31] 2007 Norway CDWs 575–1100
Mah et al. (2016) [39] 2016 Malaysia CDWs 1040
EPA (2015) [50] 2013 USA CDWs 244–711
Wu et al. (2016) [46] 2016 China CDWs 1215–1873
Hoang et al. (2020) [23] 2019 Vietnam CDWs 318–610
This study 2023 China DWDRPs 88–305

These findings have provided valuable insights into the implications for policymakers
within DWDRP management sectors, thereby informing policy formulation. This includes
recommendations for the development of regulations, standards, and guidelines aimed at
minimizing DWDRPs. These findings also offer evidence-based insights that could guide
policy formulation toward more sustainable construction practices [22].

4.4. Strategies for DWDRP Management

The burgeoning growth of urban areas has magnified the challenges for managing
DWDRPs, necessitating a strategic approach that is both inclusive and enforceable. This
study, through site visits and interviews, identifies a major trend: the predominant disposal
of DWDRPs in municipal landfills without proper segregation [25,52,53]. This reflects the
broader issue of inadequate legal frameworks and underdeveloped technological practices
in rapidly urbanizing areas, particularly in China.

Effective DWDRP management intersects legal, technological, and financial sectors. It
necessitates overhauling traditional practices for sustainable methodologies. Developed
nations, such as Germany and Japan, contrasting with China’s practices, employ advanced
waste treatment technologies [4,54,55].

Considering legal reforms, China needs to establish a robust regulatory framework that
not only incentivizes waste classification but also prioritizes waste reduction and the reuse
of materials before recycling [43,56]. Furthermore, compliance through clear guidelines and
penalties for non-adherence is essential [57]. Capacity building within regulatory bodies
is crucial for effective enforcement. This involves equipping these bodies with tools and
human capital for rigorous inspections and ensuring compliance with waste management
guidelines [50]. Additionally, developing infrastructure for DWDRP management, such
as dedicated sorting facilities, is vital. These facilities would facilitate the segregation of
materials, like concrete and metals, for recycling, conserving resources and reducing landfill
wastes [58]. A proposal for a centralized regulatory and monitoring system, inspired by
Japan’s ‘slip system’, would enforce accountability and transparency [22]. This system
should be complemented by a strong enforcement mechanism with the authority to impose
fines for non-compliance.

The financial aspect involves reorienting economic incentives to favor waste minimiza-
tion and the reuse of materials, thereby reducing DWDRPs’ environmental impacts [56,59].
This includes subsidies, tax reliefs, and enhanced loan facilities to stimulate growth and
innovation in waste treatment methodologies [56,59].

Improvements in waste collection and sorting at the source are necessary. This field
research indicates the current inadequacy of DWDRP collection, with valuable materials
lost because of ineffective segregation [38]. Implementing training programs for workers
and strategically placing labeled bins for different waste types can significantly improve
waste separation efficiency [8,22].
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An equally important strategy is the cultivation of a culture of environmental respon-
sibility among all the stakeholders. Education and awareness programs, targeting industry
professionals and the public, are crucial in altering perceptions and practices regarding
DWDRPs [4]. These programs should focus on the environmental impacts of improper
waste management and the benefits of waste reduction, reuse, and recycling.

By synthesizing these findings with practices from developed countries, it is evident
that a concerted effort is needed to reform China’s DWDRP management systems. The
integration of legal, technological, and financial strategies is imperative for addressing
these challenges effectively. This comprehensive approach can pave the way for sustainable
urban development and environmental conservation in China. The proposed strategies
provide a roadmap for action, potentially transforming DWDRP management in China and
setting an example for other developing nations facing similar issues (Figure 5).
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5. Conclusions

This study investigates WGRs for DWDRPs within the context of DWDRP manage-
ment in rapidly urbanizing areas, particularly focusing on the Chinese urban development
landscape. Through a detailed examination of 26 diverse projects, we have identified
a significant variation in WGRs, reflecting the complex interplay of waste management
practices, technological adoption, and awareness levels among stakeholders. This variation,
with WGRs ranging from 30.96 kg/m2 to 629.96 kg/m2, and the predominance of materials,
like mortar, concrete, timber, tile, and metal, which, together, constitute 75.02% of the total
waste, highlight the need for a nuanced approach to waste management.

These findings reveal that the variability in the waste generation is not merely a
function of the types of buildings or the scope of decorations and renovations that are
undertaken but also reflects the broader socioeconomic and technological milieu within
which these projects are situated. This nuanced understanding contributes significantly to
the field by highlighting the need for tailored waste management strategies that account
for the unique contexts of urban development in rapidly growing economies, like China.

Furthermore, the proposed strategies, if implemented effectively, can lead to substan-
tial improvements in the sustainability, efficiency, and organization of waste management
systems, aligning with environmental protection goals and fostering sustainable urban
development. The multifaceted approaches advocated for in this study collectively ad-
vance the discourse on DWDRP management, offering actionable insights for policymakers,
practitioners, and researchers alike.
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6. Limitations and Future Directions

The intricate and diverse natures of building decoration processes, coupled with the
inclusion of various building types, inevitably lead to fluctuations in WGRs associated
with decoration activities. Hence, the WGRs derived from this study for these projects are
specifically relevant to projects undergoing similar decoration styles. Furthermore, owing
to the limited number of projects that were studied, high concentrations of certain materials
may also be attributed to their excessive use in specific projects.

Although researchers diligently conducted on-site investigations and reviewed project
documents to classify decoration waste, it is inevitable that some waste may have been
mixed with others, leading to inaccuracies in both the on-site investigations and project
documentations. Therefore, stricter on-site classification methods should be implemented
in the future to categorize and weigh different waste materials accurately, along with
ensuring the precision of project documentations. These measures aim to enhance the
accuracy of the waste generation rate calculations.
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