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Abstract: The construction waste recycling (CWR) industry in China is still in the primary stage.
Thus, exploring the driving mechanisms of its development has significant theoretical worth and
practical significance. Existing studies mainly focused on identifying individual key factors, while
paying limited attention to the synergistic effects of multiple factors. The aim of this study is to
systematically identify the primary drivers of China’s CWR industry from a macro perspective and
explore their conjunctional effect on the development of the CWR industry in China. Firstly, based on
the PEST model, the key factors driving the development of the CWR industry were identified from
political, economic, social, and technological aspects. Secondly, the fuzzy-set Qualitative Comparative
Analysis (fsQCA) approach was used to explore the causal relationship between the conjunction
of these factors and the development level of the CWR industry. This study yields two interesting
conclusions. The first is that none of the political, economic, social, and technological factors is a
necessary condition. It means that the absence of any single factor will not restrict the development of
the CWR industry. The second reveals two causal paths for the high-level development of the CWR
industry, namely, the configuration of policy and social factors and the individual effect of economic
factors. High-level development in the CWR industry can drive the sustainable development of the

construction sector.

Keywords: construction waste recycling (CWR); Political, Economic, Social and Technological (PEST)
model; fuzzy-set Qualitative Comparative Analysis (fsQCA); necessary condition; casual path

1. Introduction

With the continuous urbanization and rapid development of infrastructure construc-
tion in China, the construction industry has generated plenty of concrete, masonry, rubble,
mortar, sludge, and other construction waste. China’s annual production of construction
waste reached 30 billion tons according to statistics in 2020 [1]. A large amount of construc-
tion waste that has been landfilled occupies valuable land resources and brings potential
environmental risks, such as dust and groundwater contamination [2]. In the context of
the current vigorous development of socialist ecological civilization construction and the
development of the circular economy and “zero waste” city, the recycling of construction
waste has become the inevitable development direction [3,4].

Although both the central and local governments are actively promoting CWR, China’s
CWR industry development is still in the primary stage in general. There is a serious spa-
tial imbalance in this industry’s development. Therefore, it is valuable and practical to
explore the key factors and driving mechanisms of development in the CWR industry.
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A couple of studies have attempted to address this problem based on experience or sur-
veys. Li et al. [5] studied the key policies affecting the recycling industry development.
Ma et al. [6] discussed in detail the potential challenges facing the resource industry. The
lack of on-site sorting of construction waste [2,7], the absence of certification standards
for resource management products [7,8], unsound laws and regulations for construction
waste management [7,9,10], restricted land for resource disposal centers [4,7], difficulties in
marketing recycled products [8,10], lack of awareness of resource preservation and environ-
mental conservation [8-11], and low technical and equipment levels [11] were identified as
critical barriers.

However, these studies often tend to focus on the investigation of individual influ-
encing factors [5], or employ methods such as comparisons [2], statistics [2,4], expert
ratings [11], and surveys [9] to identify key influencing factors. Rarely do they use a
theoretical framework to synthetically identify and organize these factors, thus providing a
macro and integral perspective to understand the driving force of the CWR industry’s de-
velopment. Most of all, these researches rarely concern the conjunctional effect of multiple
factors [11]. Indeed, the influencing factor probably takes effect in combination with other
factors instead of independently, and the state of the industry’s development is determined
by the combination of these factors. Therefore, there may be various configurations of
factors that will form “Equivalent” causal paths.

China, in particular, has a large territory with varying levels of urban administration,
resource endowment, and economic growth in different regions. This heterogeneity may
lead to diverse development paths of the CWR industry, which rely on various conjunctions
of influential factors. Thus, the objective of this study is to systematically identify key
driving factors, and then explore the conjunctional effect of these factors on the develop-
ment of the CWR industry in China. Multiple linear regression and fuzzy-set Qualitative
Comparative Analysis (fsQCA) are the research methods employed in this paper. Firstly,
the factors were identified based on the PEST model, which is frequently used to examine
macro factors that affect industry growth [12]. Secondly, multiple linear regression was
used to analyze the independent effects of each factor on the development of the CWR in-
dustry. Finally, fsQCA, a set theory-based approach, was applied to analyze the concurrent
causality of antecedent conditions from a configuration perspective.

The subsequent content is structured as follows: In the next section, the key factors
driving the development of the CWR industry are identified based on the PEST model. In
Section 3, the fsQCA and multiple linear regression are introduced. On this basis, taking
typical Chinese cities as examples, fsQCA is used to analyze the combined conditions
and to determine the multiple casual paths for the development of the CWR industry in
Section 4. Finally, the results are discussed in detail.

2. Identification of Influential Factors Based on PEST

The PEST model is often used as a classical method for systematic analysis of the
macro-environment affecting industry development [13]. Based on the PEST framework,
this study identified the key factors driving the development of the CWR industry from
four aspects: policy measures, economic development, social conditions, and technology
level (see Figure 1).

2.1. Policy Measures

Various policies, such as laws, regulations, and economic incentives, have been re-
garded as useful strategies for promoting CWR. The lack of relevant supporting legal and
regulatory policy support has been recognized as the crucial reason for the current difficul-
ties in the industry’s development. For example, Chen et al. [14] argued that inadequate
construction waste regulations and poor implementation contributed to the difficulty in
operating CWR enterprises. Additionally, Li et al. [5] discovered that CWR industries ini-
tially faced severe financial pressure due to the lack of relevant fiscal incentives. Recycling
companies find it challenging to sustain long-term operations without government subsi-
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dies [15]. Financial subsidies, tax breaks, low rent for land, and other preferential policies
will help recycling enterprises to achieve economic viability and commercial profitability,
thus fostering the resource-based industry [16].

P(Politics)
—Laws and Regulations
—Economic Incentives
—Training and Education

\ 4

E(Economy) The development of T(Technology)
—GDP Per Capita > the construction waste [« —Sorting Technology
—Aggregates Price recycling industry —Equipment Development

X
S(Society)

—Land Resources
—Population Density

Figure 1. The identification of influential factors of CWR based on PEST.

2.2. Economic Development

Economic development is generally measured by indicators such as national income,
GDP per capita, and price level. On the one hand, the generation and management of
urban construction waste are closely correlated with GDP. Due to the shortage of land
resources, some cities with high GDP per capita (e.g., Shenzhen, Beijing, Shanghai, and
Guangzhou) need to demolish a large number of urban villages for urban renewal, which
will inevitably generate a lot of construction and demolition waste [2]. From the perspective
of environmental sustainability, the use of recycled building materials, such as plastics, is
encouraged [17]. However, this is significantly influenced by the price levels of construction
materials. Due to the competitive relationship between natural aggregates (NA) and
recycled aggregates (RA), the use of RA will be directly influenced by the quantity and
price of natural aggregates. RA are more economically attractive when natural sand and
gravel are scarce and expensive [18]. The economic cost savings for consumers using
RA is minimal when cheap NA is available, which seriously hinders the promotion and
application of RA [19].

2.3. Social Conditions

The social environment includes the natural environment and socio-cultural back-
ground. CWR is generally more urgent in locations with limited land resources. For
example, due to the land scarcity and high population density, Japan and South Korea
have developed recycling technologies such as concrete waste and achieved a high rate of
recycling because of relatively poor natural resources [20]; the management of construction
waste has received special attention from the Hong Kong government [21-23]; Beijing,
Shanghai, Shenzhen, and other cities in China have been very urgently exploring the
resource utilization of construction waste [16].

2.4. Technology Level

The technological level involves technological innovation and patents related to the
sorting and processing of construction waste. Technical means lay the critical foundation for
CWR. The level of technology directly affects the cost and quality of resource treatment [24].
For Japan and Germany, the high development of the CWR industry relied heavily on their
strong technology and equipment development capabilities [23,25]. Due to insufficient
attention on the R&D of CWR technology and equipment, much construction waste in
China has not been effectively recycled [26]. For instance, construction waste sorting
technology occupied a decisive position in improving the quality of recycled products [27].
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Strengthening technological innovation can greatly improve the resource utilization rate of
construction waste and thus promote CWR’s development.

3. Method and Data

Based on the analysis of the background and literature review, it was observed that
policy measures are the primary focus of most scholars. It seems likely that policy measures
are regarded as the most essential factor. To validate whether policy measures can effectively
drive the development of the CWR industry, this study proposes the following hypothesis:

Hypothesis 1 (H1): Political measures can drive high-level development in the CWR industry.

Furthermore, after identifying the driving factors of the CWR industry based on the
PEST model, the other research question emerges. Can the other factors mentioned in
the PEST model identically provide driving force for high-level development in the CWR
industry? What are their driving mechanisms? Do they work solely or collectively with
other factors? To address these questions, this study proposed a second hypothesis:

Hypothesis 2 (H2): Multiple factors in the PEST model can collectively promote high-level CWR
industry development.

Multiple linear regression and fsQCA were employed to validate the two hypotheses
mentioned above, as illustrated in Figure 2.

Necessity analysis of individual conditions

\
E—

Sufficiency analysis

High-level Development of the CWR Industry

Figure 2. The relationship between the methods and hypotheses.

3.1. Fuzzy-Set Qualitative Comparative Analysis (fsQCA)

Qualitative Comparative Analysis (QCA) allows an analysis of the causal relationship
between the antecedent conditions’ configurations and the outcome variable to obtain
multiple causal paths. The causal path is a sufficient condition for obtaining the result,
namely, a sufficient configuration of the antecedent conditions. Different causal paths mean
influencing the outcome in different ways but with the same effectiveness [28]. According
to the variable’s type, the QCA could be classified as crisp-set Qualitative Comparative
Analysis (csQCA), multi-value Qualitative Comparative Analysis (mvQCA), and fuzzy-set
Qualitative Comparative Analysis (fsQCA) [29]. The csQCA can handle dichotomous
variable issues with values of 0 or 1 [30], and the mvQCA can be used in multi-valued
classification. Both of them, however, are limited to the discrete variable classification
problem. Contrarily, fsSQCA can classify the membership scores of different variables on a
continuous scale ranging from 0 to 1, which largely avoids contradictory configurations.
Since the variables in this study are all continuous variables, this study adopted the fsQCA.
Data analysis using software fsQCA 3.0 consists of three main steps: data calibration,
necessity analysis, and sufficiency analysis [31].
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3.1.1. Data Calibration

Data calibration is the process of transforming the study condition variables into case sets
and determining the membership that matches a certain set [32]. Three anchors—inclusion,
exclusion, and crossover thresholds—need to be set by the membership. The membership
values, which range from 0 to 1, represent the degree from completely unaffiliated to affiliated.
The crossover (0.5) is the midpoint that distinguishes between complete non-membership and
complete membership [33]. In addition, the calibration allows the researcher to set the mem-
bership values based on existing theory or external reality. According to Coduras et al. [34],
the 75% quantile, median, and 25% quantile of each variable were chosen as the threshold
values for the inclusion, crossover, and exclusion thresholds. To complete data calibration, the
antecedent conditions (i.e., number of policy measures, natural aggregate price, population
density, and patent number) and the outcome condition (development level of the CWR
industry) were transformed into fuzzy-set membership values between 0 and 1 [35].

3.1.2. Necessity Analysis

The purpose of the necessity analysis is to determine whether a single condition con-
sistently exists when all outcomes are present (or absent) [35,36]. Two metrics, consistency
and coverage, are obtained when calculating the necessity analysis [37]. Consistency quan-
tifies the extent to which each antecedent condition is a subset of the outcome variable. In
general, it can be assumed that an antecedent condition is necessary for the occurrence of
the outcome if its consistency is above 0.9 [38] and it passes the necessity test. Coverage
is expressed as the extent to which each antecedent condition explains the outcome vari-
able [37]. There are different types of coverage, including solution coverage, raw coverage,
and unique coverage. Solution coverage is the proportion of cases that can be explained
by all condition configurations. Raw coverage and unique coverage are for each specific
conditional configuration. The former indicates how many cases can be explained by that
condition configuration, merely demonstrating sufficiency. The latter indicates how many
cases can only be explained by that specific combination, reflecting the necessity of this
conditional configuration [28].

3.1.3. Sufficiency Analysis

The core of the sufficiency analysis is to create a truth table that lists all logically
possible conditions combinations, the number of cases they contain, and raw consistency
scores [36]. If n conditions exist, there are at most 2" conditions combinations. Not all
conditional configurations, however, are useful. Reasonable conditional configurations
are found using the Boolean algorithm and counterfactual analysis, by determining the
appropriate case frequency threshold and the original consistency threshold [39]. The
“logical remainders” (the combination of conditions that exist logically but do not observe
factual cases) is the combination of conditions that have no case coverage if the case
frequency criterion is set to 1. By adding different logical remainders into standardized
analysis, three types of fsSQCA solutions can be obtained: complex solutions, parsimonious
solutions, and intermediate solutions. The complex solutions unuse “logical remainders”,
while the parsimonious solutions use all “logical remainders” that may help simplify the
configuration but do not evaluate the rationality. The intermediate solutions outperform
the parsimonious and complex ones by embracing the “logical remainder”, which is
consistent with theory and practice [30]. As a result, this paper’s findings mostly focus
on intermediate solutions. In addition, when setting the original consistency threshold,
Schneider and Wagemann [38] considered a minimum threshold of 0.75, and the threshold
also varied with the size of the sample.

3.2. Multiple Linear Regression

When the independent variables are continuous, multiple linear regression can be
used to examine the relative degree of each factor’s impact on the development of the
CWR industry [40]. To assess the effects of policy measures, economic development, social
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conditions, and technology level on the CWR industry, in turn, multiple regression analysis
was chosen before configuration analysis in this study.

Evaluation metrics are often used to test regression effects. The regression employs
both the F-test and the ¢-test. The F-test is a significance test of the regression equation that
determines if at least one of the model’s independent variables will have an impact on the
dependent variable. If p < 0.05, at least one of the independent variables will be related
to the dependent variable. The significance of the -test for each variable’s coefficients is
measured by the p value. If the p value is less than 0.05, it is considered that the independent
variable has a significant impact on the model. The multiple linear regression equation’s
goodness-of-fit test is often expressed by the adjusted R?; values closer to 1 indicate a better
fit for the model [41].

3.3. Data Collection
3.3.1. Studied Cities

To exploit the casual paths of CWR development in different regions, representative
cities were selected as samples. First, Chinese municipalities and provincial capitals were
chosen, which serve as the political and economic centers of provinces and regions and
can reflect the local level of resourcefulness. In addition, the 35 pilot cities (districts) for
construction waste management designated by the Notice on the Pilot Work of Construction
Waste Management issued by the Ministry of Housing and Urban-Rural Development in
2018 were also included in this study. A final sample of 52 cities was obtained; duplicate
cities were removed.

3.3.2. Dependent Variables

In this study, we used the number of registered CWR companies in each city as
dependent variable [5]. We wanted to examine if these influential factors determine the
development of CWR industry. Thus, the recycling companies were considered as the
outcome variables rather than independent variables. The number of CWR enterprises
was investigated using the website of Enterprise Information Inquiry (www.qcc.com/
(accessed on 10 March 2020)), which provides a query for enterprise register and operation
information. The search terms are “city name” combined with “construction and demolition
waste”, “construction waste”, “recycling”, “reuse”, “comprehensive utilization”, “recycled
aggregates” or “recycled bricks”, etc. The retrieved list of enterprises was further filtered
according to their business scope, to eliminate enterprises unrelated to construction waste
disposal. Afterward, the number of CWR enterprises in each city was counted.

3.3.3. Antecedent Conditions

Related policy documents were obtained by searching the official websites of gov-
ernment departments and BeidaFaBao (www.pkulaw.com (accessed on 25 March 2020))
which is a law-related platform provided by Peking University. In this study, the keywords
“construction and demolition waste”, “construction waste”, “recycling”, “reuse”, and “com-
prehensive utilization” were used as search terms. A total of 282 policy texts from 52 cities
were obtained. After browsing, the irrelevant documents were eliminated. Finally, 175 valid
policy texts were found. Then, the content analysis method was used to count the policy
measures adopted in each city. The policy document was read separately by two graduate
students to identify the compulsory, market, and information-based measures [42]. After an
agreement was reached, the number of each type of measure was counted. The aggregated
number of policy measures in each city represents the quantitative outcomes of each city’s
policy measures.

In this study, natural aggregate prices were used to quantify economic growth. Usually,
economically developed areas have a large scale of construction activity, so the high
aggregate demand will motivate the increase in the price of NA accordingly. At the same
time, high NA prices also contribute to promoting the recycling of building waste. The
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prices of coarse sand were queried on the websites of Zaojiatong (www.zjtcn.com (accessed
on 1 February 2020)).

Social conditions include local resource conditions, geographical conditions, etc. We
chose Urban Population Density as a representative index of social conditions, because
the recycling of construction waste will be actively promoted in densely populated areas,
where the impact of construction waste landfills is more significant on residents due to the
restriction of land resources. The indicators were obtained from the China Urban Statistical
Yearbook 2019.

The technological research and development (R&D) level of each city can be expressed
in patents numbers. Considering that the number of patents related to the disposal of
construction waste is difficult to obtain, the total number of patents approved by the city
was used. The data was collected from the China Urban Statistical Yearbook 2019.

4. Results
4.1. Regression Analysis

Linear regression analysis was conducted with the four antecedent conditions as
independent variables. The results are presented in Table 1.

Table 1. Multiple linear regression analysis results.

Non-Standardized Coefficients Standardized Coefficients

Variables t p Value
Beta Std. Error Beta
Constant 3.039 10.505 - 0.289 0.774
Number of Policy Measures 1.678 1.622 0.198 1.034 0.307
Natural Aggregate Price —0.013 0.085 —0.026 —0.155 0.877
Population Density 0.014 0.006 0.532 2.304 0.026 *
Patents Number —8.886 x 107° 0.000 —0.118 —0.473 0.639

* Model significance (F = 4.661; p < 0.05), Adjusted R2 = 0.234; * p < 0.05.

According to the regression results, the equation is significant as a whole. However,
only population density is a significant independent variable, while the other variables
are not. It shows that population density is the only variable significantly impacting the
high-level development of the CWR industry. However, does it mean that other factors
do not matter? Does this mean that H1 is not valid? It is somewhat imprudent to reach
these conclusions relying only on these results. FsQCA provides a perspective to figure
out the combined effect of multiple factors rather than focusing on individual factors alone.
This configuration analysis is capable of identifying the causal pathways wherein several
components work together to affect the development of the CWR industry.

4.2. sSQCA Analysis
4.2.1. Necessity Analysis of Individual Conditions

The necessity analysis of the calibrated antecedent conditions is shown in Table 2.

From the results, it can be seen that the consistency of all the antecedent conditions
does not exceed 0.9, indicating that there are no necessary conditions determining the
development of the CWR industry. It means that the lack of any single condition will not
be a bottleneck for the high-level development of the CWR industry. Similarly, there is no
single necessary condition for low-level development too.

The only condition for consistency over 0.7 is “Population Density”. It means that
this variable has a relatively strong explanation power, although it does not reach the
necessary level. Similarly, the other three separate conditions, namely, the Number of
Policy Measures (consistency 0.667), the Natural Aggregate Price (consistency 0.657), and
the Patents Number (consistency 0.660), can help the CWR industry develop at a high
level [9,10,43]. This validates H1, indicating that policy measures alone may not be a
necessary condition for the high-level development of the CWR industry but may interact
with other factors to drive industry development.
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Table 2. Necessity analysis results for high-development level and low-development level.
... High-Development Level Low-Development Level
Condition
Consistency Coverage Consistency Coverage
Number of Policy High 0.668 0.659 0.429 0.436
Measures Low 0.429 0.422 0.664 0.673
. High 0.657 0.642 0.457 0.459
Natural Aggregate Price Low 0.446 0.443 0.644 0.659
Population Densit High 0.720 0.696 0.401 0.399
P Y Low 0379 0.381 0.695 0.719
p Numb High 0.661 0.640 0.450 0.449
atents Number Low 0432 0.433 0.640 0.660

4.2.2. Configurations Analysis

The configurations analysis is designed to calculate the sufficiency of the results
generated by different combinations of multiple conditions. Combination consistency is
used to measure the sufficiency of combinations, and the minimum acceptable level is set
no lower than 0.75 [38]. Before conducting the configuration analysis, a truth table was
created, including all possible combinations (2* = 16). Case frequencies and consistency
thresholds were set based on the sample size (52 as medium size) to 1 and 0.75, separately.
Afterward, the complex, intermediate, and parsimonious solutions were obtained.

The intermediate solutions are presented in Table 3. In this paper, two configurations
were obtained, both of which had consistency levels for individual configurations and
overall solutions above the minimum acceptable value of 0.75. The consistency of the
overall solution is 0.778 and the coverage is 0.628. The two configurations in Table 3 can be
regarded as sufficient conditions for the high-level development of the CWR industry. In
other words, these casual paths can achieve the purpose of high-level development of the
CWR industry equivalently. In Table 3, ® and ®, respectively, indicate the presence and
absence of conditions; large and small circles represent core and edge conditions; blanks
represent conditions that may or may not exist. This indicates that H2 holds true, meaning
that the combination of strong policy measures and high population density, as well as high
NA prices in the absence of other conditions, can both promote high-level development in
the CWR industry. This also demonstrates that the macro-level factors proposed based on
the PEST model can drive the development of the CWR industry.

Table 3. Configuration analysis of high-level CWR industry development.

Condition Configuration Policy-Society Economy
Configuration 1 Configuration 2
Number of Policy Measures . ®
Natural Aggregate Price .
Population Density . ®
Patents Number ®
Consistency 0.789 0.767
Raw coverage 0.571 0.142
Unique coverage 0.487 0.057
Solution coverage 0.628
Solution consistency 0.778

In Configuration 1, the combined presence of policy measures and population density
conditions plays a core role. Cities with intensive policy measures and high population
density provide sufficient conditions for the CWR industry to develop at a high level. In
this configuration, the price of NA and the technological development capacity of the
city are inessential. This confirms the validity of H1. That is, policy measures, while
not a sole necessary condition, can interact with population density to drive high-level
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development in the CWR industry. It also means that CWR enterprises are inclined to invest
and manufacture waste-recycled products where adequate policy promotion measures are
in place and the population is dense as well. The consistency of this configuration is 0.789,
indicating that 78.9% of the cases that meet this configuration are likely to achieve a high
level of development. The unique coverage reaches 0.487, and the raw coverage is 0.571. It
means that this path explains 57.1% of the industry’s high-level development cases, and
48.7% of the cases can only be explained by this path. This is the case for mega-cities such as
Beijing, Shanghai, Guangzhou, and Shenzhen, as well as densely populated local cities such
as Xuchang, Handan, and Suzhou. Xuchang has pioneered the franchise operation of CWR
since 2009. In 2020, Xuchang comprehensively utilized 2.86 million tons of construction
waste, with the recycling rate up to 98%.

In Configuration 2, the presence of economic conditions (NA prices) alone plays a
central role. In this situation, even weak policy measures, low population density, and an
unadvanced technological level cannot hinder the launch of CWR companies. This shows
that market forces themselves can drive a high level of development in the CWR industry.
The configuration consistency is 0.767. In addition, the unique coverage is 0.057, and the
raw coverage is 0.142. This casual path explains 14.2% of the high-level development cases,
with around 5.7% of cases explained solely by this path.

5. Discussion

Different from previous studies majorly relying on experts” experience, this study first
set a macro framework based on the classic PEST model to facilitate the comprehensive
identification of key influential factors in the development of the CWR industry. Four
essential factors related, respectively, to policy measures, economic development, social
conditions, and technology level were selected accordingly. The policy, economic, and
technological barriers are echoed by several previous studies. However, the social factor
is commonly overlooked by these studies. For instance, Bao et al. [43] discovered that
CWR in Shenzhen, China, was influenced by a thriving C&D waste recycling market, the
introduction of advanced recycling technology, and the enactment of effective policy mea-
sures. Omer et al. [44] argued that lack of policy support, insufficient demand for recycled
products, and limited recycling facilities hindered the CWR in construction projects.

According to the regression results, only the social condition (i.e., population density)
has a significant effect on the CWR industry, while other factors such as policy measures
(i.e., the number of policy measures), the economic development (i.e., natural aggregate
price), and the technology level (i.e., patent number) do not. This conclusion coincides in
part with Liu et al. [10], who deemed environmental awareness, also one of the social con-
ditions, as the most positive and relevant factor in CWR. However, these results contradict
those previous studies mentioned above, which emphasized the significant roles of policy,
markets, and technology. However, it is inconsistent with Huang et al.’s [26] study, which
recognized that inadequate management systems and an immature CDW recycling market
were the primary obstacles to CDW recycling. These contradictory viewpoints illustrated
that this complicated issue cannot be addressed only through traditional statistical analysis.
New analysis perspectives and approaches are needed. Thus, we further used the fsQCA
method based on set theory to explore the combined effect of these factors, to which little
attention has been paid before.

Using 52 typical Chinese cities as examples, two driving paths were found sufficient
for a high-level development of the CWR industry, i.e., a policy—society configuration
and an economy configuration. However, no condition is necessary for the development
of the CWR industry. This analysis aspect is totally different from the previous studies,
which mostly relied on literature reviews and a semi-structured questionnaire technique,
e.g., Badraddin et al. [45] and Bao and Lu [15]. Via these approaches, they identified the
technical, regulatory, environmental, and economic barriers to CWR, but cannot further
elucidate whether the existence of any barrier will necessarily lead to the failure of CWR,
or which barriers must be overcome for the successful operation of concrete recycling.
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As for the first configuration, i.e., policy measures and population density, only
population density has a significant effect according to the regression results. However, it
is neither necessary nor sufficient alone for the development of the CWR industry. Nor is
policy. Nevertheless, the combination of intensive policy measures and dense population
is sufficient to promote the CWR industry. This conclusion demonstrates that the regions
that solely concentrate on developing policies will not be as successful as expected, if the
local social conditions are neglected. In densely populated areas, the land is generally
more valuable. The demand for saving landfill is therefore stronger. Nevertheless, CWR
companies cannot benefit directly from land savings. Thus, the involvement of local
authorities is necessary, for instance, to increase the landfill charge level or force the
construction waste to be recycled. This situation has been witnessed in a couple of densely
populated economies such as Japan [46], Singapore [47], and Korea [48]. Regarding the
economy configuration, NA price has no significant effect on the regression. However, a
high NA price is a sufficient, although not necessary, condition for the development of
CWR. In a few instances, where NA prices are high in the area, the market environment
will motivate the boom of the CWR industry alone, even if the other three conditions are
weak. This situation has been witnessed in Germany. Despite being the largest producer of
natural sand and aggregates in Europe, Germany had a 90% CDW recycling rate in 2005
alone due to the nation’s high demand for mineral resources and the scarcity of landfill
sites [49,50].

In a word, this study reveals that choosing the appropriate driving path in line with
the local socio-economic conditions is vital to effectively encourage the growth of the
CWR industry, instead of solely emphasizing the aggressive development of legislative or
economic measures. This conclusion will shed light on the construction waste management
of municipal authorities. In densely populated areas, the enhancement of policymaking is
an effective way to achieve the CWR goal. In regions with a high NA price, the authorities
may put more effort into maintaining the market environment.

6. Conclusions

This paper utilized the PEST model to identify the macro factors driving the devel-
opment of the CWR industry. The verification of two hypotheses using multiple linear
regression and fsQCA unveiled the core conditions and causal pathways influencing the
development of the CWR industry.

The results from both the multiple linear regression and fsQCA confirmed H1. This
study demonstrated that policy measures are not a sole necessary condition for the develop-
ment of the CWR industry, but in societies with a high population density, well-developed
policy measures can promote high-level development in the CWR industry. Furthermore,
the results from multiple linear regression and necessity analysis of individual conditions
collectively suggested that social factors (population density), notably, can play a crucial
role in facilitating high-level development in the CWR industry.

The fsQCA verified H2, demonstrating that political, economic, social, and technologi-
cal factors can interact jointly to promote high-level development in the CWR industry. Two
driving paths were found for the high-level development of the CWR industry, namely, the
linkage mode of policy factors and social factors, and the independent mode of economic
factors. Political measures are an important factor in promoting CWR but do not necessarily
result in a high level of industry development unless they are matched with suitable social
conditions (high population density). In addition, when high local natural resource prices
exist, the CWR industry may develop at a high level even with limited policy measures.

7. Implications, Limitations, and Future Lines of Research

Based on the above conclusions, practical implications for the management of the
CWR industry in China can be derived. On a theoretical level, this work is the first to use
the combination of PEST and fsQCA to analyze the development paths of the CWR industry
in China. Using objective data and two different methods can provide more comprehensive
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and valuable results for promoting the development paths of the CWR industry. On
a practical level, local policies should be formulated according to local conditions, and
appropriate development paths for the CWR industry can be chosen according to local
social and economic conditions. In the case of market-oriented conditions, priority should
be given to the use of market-oriented measures to solve the problems of CWR.

Finally, this study leaves several limitations to be improved. Given the availability
of data, the number of indicators chosen in this study is limited, which may be improved
by exploring more data sources in further studies. Moreover, this preliminary study only
examines the causal pathways that influence the development of the CWR business in
52 representative cities in China. More cities or economies should be incorporated in future.
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