
*Corresponding author. E-mail: am4engenharia@gmail.com

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unre-
stricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Journal of Civil Engineering and Management
ISSN 1392-3730 / eISSN 1822-3605

2022 Volume 28 Issue 3: 232–246

https://doi.org/10.3846/jcem.2022.16447

Copyright © 2022 The Author(s). Published by Vilnius Gediminas Technical University

CURRENT STATE, COMPREHENSIVE ANALYSIS AND PROPOSALS  
ON THE PRACTICE OF CONSTRUCTION AND DEMOLITION  

WASTE REUSE AND RECYCLING IN PORTUGAL 

António Joaquim Coelho MARINHO*, João COUTO, Aires CAMÕES

Department of Civil Engineering, School of Engineering, University of Minho,  
Campus de Azurém, 4800-058 Guimarães, Portugal

Received 30 January 2021; accepted 8 December 2021

Abstract. The traditional method of construction and demolition waste (CDW) consumes a substantial amount of land 
resources causing severe environmental and social problems. In Portugal, the low recycling rate, combined with a high use 
of landfill as a way of managing CDW, has resulted in a negative index of 39% in the waste hierarchy, thus making it impos-
sible for Portugal to be classified as a country that implements waste hierarchy in practice. The main goal of this study is to 
investigate the benefits of CDW reuse and recycling and the factors that promote or hinder this practice in Portugal. There-
fore, a comprehensive approach has been adopted by combining the analysis of secondary data collected through extensive 
bibliography research with the results of a survey by questionnaire conducted on a group of experts in CDW management. 
It was concluded that the main method of CDW management consists of its disposal in licensed landfills (47%), and the 
rate of CDW reuse on site is still low (6%). The results show a high consistency between the respondents’ answers, as well 
as consistency between the opinions of these participants from different areas of professional activity. The respondents do 
recognize a concern regarding the reduction of carbon emissions, as well as a cultural resistance to materials or buildings 
that use CDW. These problems are further compounded by the difficulty in installing or supporting recycling equipment 
for CDW reuse on site. Respondents agree that there should be more investment and support from the government in this 
area, as well as in the training of construction companies. 

Keywords: demolition waste, recycling rate, construction, waste hierarchy, low recycling rate, demolition waste reuse, li-
censed landfills.

Introduction

In recent years, most companies have started to adopt 
project management (PM) methodology (Marinho, 2017) 
to meet market demands and customer satisfaction. The 
main concept of the PM methodology is to apply knowl-
edge, skills, tools, and techniques in project activities to 
achieve the desired goals. Consequently, the construction 
sector, with its own complexity, has not been an excep-
tion and several researchers implement PM to optimize 
construction projects. However, companies that develop 
projects are increasingly concerned with meeting the re-
quirements that society imposes, particularly on issues re-
lated to social responsibility, environmental and financial 
impact. Therefore, PM must be adapted to the concept of 
sustainability by integrating some techniques and tools 
aimed at anticipating issues related to the projects’ social 
and environmental responsibility aspects (Edum-Fotwe 

& Price, 2009). Some authors consider this symbiosis an 
important way for long-term growth of companies (Hue-
mann & Silvius, 2017; Mishra et al., 2011). For example, 
Brent and Labuschagne (2006), and Edum-Fotwe and 
Price (2009) have developed indicators that allow the as-
sessment of the contribution of sustainability in construc-
tion projects by combining the projects’ environmental, 
economic and social requirements, thus allowing the 
stakeholders to have a more comprehensive and holistic 
view of sustainable issues in order to achieve a balance 
between economic growth and social welfare (Dyllick & 
Hockerts, 2002).

Still, it is necessary to consume less energy and resourc-
es, generate less carbon emissions and reduce the sector’s 
ecological footprint (Zhong & Wu, 2015). According to 
Mavi and Standing (2018), the main factors for PM’s sus-
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tainability in the construction sector are essentially waste 
management (WM), water saving, conservation, and recy-
cling and reuse of materials. Material waste minimization 
during the construction process through the management 
of construction and demolition waste (CDW) during the 
life cycle of the construction project is not only beneficial 
from the point of view of sustainability (Ajayi & Oyedele, 
2018), but can also contribute to reducing the work’s total 
cost and to the success of the project (Mavi & Standing, 
2018; Martens & Carvalho, 2017; Ojiako et al., 2014; Wang 
et al., 2014, 2017).

The main goal of this study is to investigate the factors 
that promote or hinder the practice of CDW reuse and 
recycling in Portugal, and it is expected to give important 
contributions, namely: (i) to assess the general perception 
regarding CDW reuse and recycling in the construction 
sector; (ii) to study the benefits and difficulties of CDW 
reuse and recycling; and (iii) to identify factors that help 
to promote the adoption of the principle of resource re-
use in buildings to improve sustainable performance when 
promoting circular economy (CE) in the construction sec-
tor.

Based on the set of intentions proposed above, it is 
important to investigate the perceptions of the profes-
sionals involved in CDW management in Portugal. The 
subsequent sections are organized as follows: Section 1 de-
scribes the literature research; Section 2 describes the re-
search methodology implemented in this study; Section 3  
presents the results achieved; Section 4 discusses the re-
sults; and, final section presents the main conclusions of 
the work carried out under this study.

1. Literature review

CDW issues have gained growing awareness in recent dec-
ades from industry and researchers around the world. The 
strategy to minimize CDW generation in an effective and 
efficient manner is a dilemma faced by many countries 
around the world (Kabirifar et al., 2020).

1.1. Construction and demolition  
waste management hierarchy

In 2016, waste hierarchy was included in the European 
Union’s (EU) action plan for sustainable development up 
to 2030, with the goal of reducing waste through preven-
tion, reduction, reuse and recycling of CDW (Pires & 
Martinho, 2019). Because the construction sector is re-
sponsible for about 40% of total energy consumption and 
36% of carbon emissions, it is important, in addition to 
selecting low-impact, sustainable and durable materials, 
to consider CDW reuse and recycling to optimize the use 
of resources, reduce WM (Atmaca, 2016; de Klijn-Chev-
alerias & Javed, 2017; Hossain & Ng, 2019; Pal et al., 2017) 
and thus meet the targets set out in the EU’s action plan 
for a circular economy (CE) (Hossain & Ng, 2019; Vitale 
et  al., 2017) based on waste hierarchy, a concept based 
on prioritizing waste reduction, their reuse and recycling, 

rather than investing resources in its treatment (Van Ewijk 
& Stegemann, 2016). 

This is a sustainable development strategy for improv-
ing the efficiency of material and energy use by requiring 
improved assessment and performance techniques for the 
entire life cycle of buildings (Akanbi et al., 2018). For in-
stance, Tingley et  al. (2018) proposed four strategies to 
meet the CE’s principle to reduce environmental impact 
and resource consumption, namely: materials reuse; ma-
terials adaptability; deconstruction and reuse of materials; 
and reuse in buildings, replacing the “end of life” concept 
by the concept of materials recovery (Hossain & Ng, 2019; 
Núñez-Cacho et al., 2018). 

Dissimilar views on CDW management have resulted 
in contradictory waste management ideas, and therefore 
several efforts have been made to reduce, reuse, or recycle 
CDW. Each type of waste should be managed based on 
efficient and proper mechanisms of waste prevention. To 
achieve this goal, a waste management hierarchy should 
be followed. According to this hierarchy, generated waste 
should be recovered based on its appropriateness for being 
reduced, reused, or recycled earlier than the final stage, 
which is waste disposal into landfills (Kabirifar et  al., 
2020). However, the guidelines for selecting and imple-
menting the CE’s strategies are not yet properly clarified. 
For instance, Stephan and Athanassiadis (2018) defend 
that the CE’s analysis should be based, on the one hand, 
on the building’s life cycle analysis and, on the other hand, 
on the analysis of material flow during the different phases 
of design, construction and rehabilitation, thus contribut-
ing to improving CDW management in buildings, which 
is one of the foundations of the CE’s designs. The EU has 
a waste hierarchy index between –4% and –9% that meas-
ures the level of application of waste hierarchy and which, 
like the PM system, contributes to the CE. This index can 
vary from –100% (management options that do not cover 
either recycling or reuse of CDW) to +100% (management 
options in which all CDW is geared towards reuse and 
recycling). In the EU, only 11 countries have a positive 
index above 10%, namely, in ascending order: Slovenia 
(+12%), Luxembourg (+14%), Estonia (+16%), Norway 
(+23%), Denmark (+26%), the Netherlands (+27%), Aus-
tria (+29%), Germany (+29%), Sweden (+30%), Belgium 
(+31%) and Switzerland (+32%). These results are due 
to the high recycling rates of these countries, all of them 
above the EU’s average of 47.40% (Eurostat, 2020). In Por-
tugal, the low recycling rate and the high use of landfill 
result in a waste hierarchy index of –39%, with a recycling 
rate of 30%, which makes it impossible for Portugal to be 
classified as a country that implements waste hierarchy in 
practice (Pires & Martinho, 2019). 

1.2. Construction and demolition  
waste management in Portugal

Construction sector related environmental consequences 
are becoming increasingly evident, with the abundant pro-
duction of waste being one of the gravest, both in Portu-
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gal and in most European Union countries. Besides the 
considerable quantities of materials used, the waste has 
other singularities that hinder its management, such as 
its various sizes, the fractions’ heterogeneous constitution 
and the resulting different hazard levels. Furthermore, the 
temporary and dispersed location of construction sites 
makes it difficult to control and supervise environmental 
performance. Moreover, the adversities of waste quanti-
fication, unbalanced disposal and use of inappropriate 
treatment systems also cause complications to this sector 
and to waste characterization (Passos et al., 2020).

For these reasons, and given the negative contribution 
of the sector’s practices regarding national and Commu-
nity environmental performance purposes, specific legis-
lation was prepared to address the flow of CDW. Since a 
large part of CDW produced in Portugal is deposited in 
landfills, Decree Law 46/2008 of March 12, as amended 
by Decree Law 73/2011 of June 17, was published in order 
to prioritize sorting, recycling and other forms of recov-
ery towards reducing the amount of waste sent to landfills 
and consequently minimizing their environmental impact. 
Additionally, the Waste Management Fee (WMF) was cre-
ated, which provides that waste producers incur higher 
costs depending on the destination given to the waste, 
thus contributing to incentivizing material recovery. The 
regulation establishes that several operations involving 
CDW are necessary to reduce its environmental impact. 
These operations include prevention, reuse, transporta-
tion, storage, sorting, treatment, recovery, and disposal of 
part of this waste. The waste that cannot be reused must be 
subject to sorting, and only after this operation can it be 
disposed of in landfills or dumps. CDW that is reused as 
aggregates is called recycled aggregates (RA) (Decree-Law 
46/2008, 2008; Decree-Law 73/2011, 2011).

Decree-Law 46/2008 (2008) ensures a chain of respon-
sibility that includes owners, contractors and municipali-
ties. The parties involved in the construction life cycle, 
from the original product to the waste produced, are re-
sponsible for CDW management. Therefore, as soon as the 
waste is passed on to a licensed operator, it becomes their 
responsibility to properly proceed to its management. 
However, if CDW is produced in private works that do 
not require a license and are not subject to prior notifica-
tion, the responsibility is assigned to the municipalities. 
According to article 8 of Decree-Law 46/2008 of March 
12, CDW must be sorted on site in order to be forwarded 
by material flows and lines for recycling or other forms 
of recovery. 

Also, in accordance with this same article, a hierarchy 
of on-site management is established that prioritizes on-
site reuse, followed by on-site sorting of CDW whose pro-
duction cannot be prevented. If sorting at the site where 
the waste is produced proves to be unfeasible, sorting may 
be performed off-site. CDW forwarding to operators li-
censed for this specific purpose sits at the base of this hi-
erarchy. It should also be noted that article 9 of the above-

mentioned Decree-Law also establishes the obligation of 
sorting prior to CDW disposal in landfills. This binding 
condition is intended to contribute to increasing recycling 
or other forms of CDW recovery, and simultaneously to 
minimizing the amounts deposited in landfills. The APA 
(the National Waste Authority) ensures CDW planning 
and management in order to prevent or reduce its pro-
duction, harmful character and possible adverse impacts. 
On the other hand, the agency seeks to promote resource 
efficiency based on the principles of waste hierarchy and 
circular economy (Foster & Saleh, 2021).

1.3. Construction and demolition  
waste reuse and recycling

A study conducted by Poon et al. (2004) revealed that in 
order to reduce waste in building projects it is vital to con-
sider waste management plans during the project devel-
opment. Therefore, the most significant factors for CDW 
reduction in construction projects (Kabirifar et al., 2020) 
include the waste management plan application and moni-
toring, techniques and machineries, and the collaboration 
and communication among project teams. Meanwhile, 
some authors infer that the low rate of recycling in Por-
tugal is due to the quality of the products manufactured 
from recycled CDW, since their quality is very low, which 
limits their possible applications and slows down the re-
use process to the point that it can even be considered 
inadequate (Algarvio, 2009; Coelho & de Brito, 2013). 
However, a recent study showed that recycled aggregates 
can improve pore distribution and frost resistance of con-
crete (Wei et al., 2019), and the use of textile fibre waste in 
concrete, such as polypropylene and nylon, has become a 
common technology resulting from the changes in techni-
cal and environmental conditions (Qin et al., 2019, 2021). 
Another technique is mobile on-site recycling of CDW 
because it reduces transport costs by approximately 43% 
(Zhang et al., 2019). Some authors consider that mobile 
on-site recycling offers several benefits, such as reduction 
of land occupation, storage and maintenance costs borne 
by government, reduction of illegal CDW disposal; and 
design for construction is also recommended to reduce 
CDW generation (J. Li & D. Li, 2020; Xia et al., 2020).

Adequate site space for material storage, equipment, 
and the availability of local infrastructures for recycling 
and ease of access to them have a significant impact on 
WM results (Esa et al., 2017a). The traditional method of 
CDW disposal involves collection by environmental sani-
tation departments and disposal in open air or in landfills, 
but this practice consumes a substantial amount of land 
resources and pollutes the environment, thus causing se-
vere environmental and social problems (Liu et al., 2020; 
Lu, 2019; Wong et al., 2018).

Therefore, it is central that the main bodies develop ef-
fective strategies for CDW reuse and recycling, as regards 
the benefits of CDW reuse and recycling as suggested by 
various authors (Table 1).
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It is vital to consider all stages of the CDW project 
management in order to effectively manage CDW, because 
each stage encompasses specific actions to prevent CDW 
generation (Kabirifar et al., 2020). Xiao et al. (2016) report 
that concrete waste and brick waste account for approxi-
mately 80% of the total of CDW; recycling and reusing 
concrete and brick waste resulting from the production 
process of concrete not only reduce the problem of CDW 

disposal, but also reduce the overdependence of the con-
struction industry on natural raw materials (He et  al., 
2021). The factors that hinder the practice of CDW reuse 
and recycling, as suggested by various authors, are pre-
sented in Table 2.

And the factors that promote the practice of CDW 
reuse and recycling as suggested by various authors are 
shown in Table 3.

 Table 3. Factors that promote the practice of CDW reuse and recycling

Authors Factors
Algarvio (2009); Coelho and de Brito (2013); Duan and 
Poon (2014) 

A comprehensive and accurate assessment of the return on investment 
in CDW reuse and recycling

Coelho and de Brito (2013) Inclusion of CDW reuse and recycling in the first stage of the project
Coelho and de Brito (2013) Effective communication between all stakeholders on CDW reuse and 

recycling
Zhao et al. (2010); Coelho and de Brito (2013); Marzouk 
and Azab (2014); Esa et al. (2017a)

Financial incentives to recycle or reuse CDW

Coelho and de Brito (2013) Inclusion of training actions to raise awareness of CDW reuse and 
recycling

Table 1. The benefits of CDW reuse and recycling

Authors Factors
Huang et al. (2013); Vieira and Pereira (2015) Reducing the project’s budget by using recycled materials
Guangshe et al. (2008); Huang et al. (2013); Vieira and 
Pereira (2015); Jin et al. (2017)

Cost savings in transportation between the construction site and the 
landfill

Doan and Chinda (2016) Compliance with government policies on green construction and 
environmental protection

Bossink and Brouwers (1996); Jin et al. (2017) Promoting increased competitiveness by increasing business 
opportunities for the sector

Huang et al. (2013); Vieira and Pereira (2015) Reducing the ecological footprint
Jin et al. (2017) Protection of natural resources

 Table 2. Factors that hinder the practice of CDW reuse and recycling

Authors Factors
Brasileiro and Matos (2015); Newaz et al. (2020) High cost and labour intensity in waste separation
Newaz et al., (2020); Saez et al. (2013) High cost of transportation between the site and the landfills
Jia et al. (2017) Difficulty in installing and maintaining machinery for reuse and 

recycling on site (for example, crushers)
Fortunato et al. (2009); Newaz et al. (2020); Sezer and 
Bosch-Sijtsema (2020)

Increased cost for waste planning and management

Duan and Li (2016); Esa et al. (2017a); Jin et al. (2017); 
Marrero et al. (2017); Newaz et al. (2020) 

Increased workload in the registration and supervision of activities 
related to the delivery of waste in landfills

Duan and Li (2016); Esa et al. (2017a); Jin et al. (2017); 
Marrero et al. (2017); Newaz et al. (2020) Sezer and 
Bosch-Sijtsema (2020) 

Change in management policy and work tasks within companies

Almeida et al. (2018); Dhakal et al. (2020); Domingo and 
Luo (2017) 

Lack of employees’ participation and training in CDW reuse and 
recycling

Algarvio (2009); Coelho and de Brito (2013); Duan and 
Poon (2014) 

Lower quality of products or materials with recycled content

Zhao et al. (2010) Lack of balance between demand and supply in the reuse and recycling 
market

Algarvio (2009); Coelho and de Brito (2013); Duan and 
Poon (2014); Sezer and Bosch-Sijtsema (2020)

Lack of investment in scientific research on CDW reuse

Coelho and de Brito (2013); Newaz et al. (2020); Sezer 
and Bosch-Sijtsema (2020)

Lack of promotion and support from government regarding CDW 
reuse and recycling

Esa et al. (2017a); Leite et al. (2011); Newaz et al. (2020) Cultural resistance to products or projects that include CDW
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To successfully handle CDW, two important param-
eters should be applied in combination. Firstly, CDW 
management hierarchy, including reduce, reuse, and re-
cycle policies, and their associated factors should be fol-
lowed individually. Secondly, effective CDW management 
contributing factors, including CDW from a sustainability 
perspective, stakeholders’ attitudes, project life cycle, and 
wast management approaches, particularly the lean prin-
ciple; circular economy; zero waste approach; green rating 
system; and site waste management plan should be iden-
tified and then be incorporated with the first parameter 
(Kabirifar et al., 2020).

2. Research methodology

In this study, a comprehensive approach was adopted 
through the combination of literature review and ques-
tionnaire-based research. 

The questionnaire (see Appendix) was divided into 
two sections, the first section aimed to collect informa-
tion and characterize the sample, namely in terms of the 
most used methods for CDW management, the percent-
age of waste that is recycled, and the rate of CDW reuse in 
the different types of works. In this section, respondents 
were characterized according to their role and experience 
in CDW management. In the second section, respondents 
were asked to assess the importance of the benefits, diffi-
culties and factors that promote CDW reuse and recycling. 
This section aimed to rank and evaluate the consistency 
of the results by using a Likert scale, ranked from 1 to 
5, where 1 corresponds to “unimportant” and 5 to “very 
important”.

The sample selected for the survey was defined by the 
technical experts in CDW management registered in the 
database provided by the IMPIC (the Portuguese Institute 
for Public Markets, Real Estate and Construction), and the 
respondents were classified according to the following roles: 
security technician, construction or production direc-
tor, construction supervision director and project author. 

The questionnaire was structured and e-mailed to the 
participants using Microsoft Forms to collect their an-
swers. After collecting them, it was adopted the relative 
importance index (RII) determined for each item and de-
fined by the following expression (Eqn (1)):

= ×
∑ .

  100,
,

j
i ii

a n
RII

x j
 (1)

where: x  – total number of survey responses (153); j  – 
number of levels defined as valid response options (5 in 
this case); ai – constant that expresses the weight assigned 
to each response option; ni – variable that expresses the 
frequency with which response i is selected. The RII value 
ranges from 0 to 1, and so a high RII shows a high in-
ternal consistency, therefore indicating a good correlation 
between the respondents’ answers.

To evaluate the internal consistency of the question-
naire, an analysis using the Cronbach’s alpha value and a 
one-way analysis of variance (ANOVA) were performed. 

Cronbach’s alpha value was used to quantify the inter-
nal consistency of the items within each question, which 
can vary between 0 and 1. In other words, the higher the 
value between the items of the category, the greater the 
consistency, since this value measures the correlation of 
the questionnaire answers and presents the average cor-
relation between the questions, calculated both from the 
variance of the individual items and the variance of the 
sum of the items of each respondent for all the items of the 
questionnaire. This means that a participant who has cho-
sen a Likert value for an item is prone to select a similar 
numerical value for the other items. According to DeVellis 
(2016), a Cronbach’s alpha value between 0.70 and 0.95 in-
dicates a high internal consistency between all items; con-
versely, a Cronbach’s alpha lower than 0.70 indicates a weak 
interrelationship between the items (Tonglet et al., 2004).

The one-way analysis of variance (ANOVA) compares 
the averages of the different respondents to check whether 
the averages are equal or not. That is, ANOVA is used to 
evaluate whether the respondents’ role and experience in 
CDW management condition the answers they give. This 
analysis consists in evaluating the null hypothesis (the 
respondents’ averages are the same, i.e., their main area 
of activity and professional experience are not relevant) 
and the alternative hypothesis (the respondents’ averages 
are different, i.e., there is inconsistency in their answers). 
To determine whether any of the differences between the 
averages are statistically significant, the p-value was com-
pared (the probability of obtaining a test statistic equal to 
or higher than the one observed in a sample). As a limit, 
one can reject the respondents’ response if the p-value 
is lower than 5%; that is, one must conclude that not all 
population averages are equal and, if the p-value is greater 
than 5%, the differences between some of the averages are 
not statistically significant.

3. Results

Of the total of 245 questionnaires e-mailed, 153 responses 
were validated, representing a response rate of 62.45%, 
which is acceptable in comparison to previous studies 
based on questionnaire surveys in the construction sec-
tor – for example, a response rate of 7.4% (270 question-
naires) in the study by Abdul-Rahman et al. (2006) and 
13.0% (210 questionnaires) in the study by Jin et al. (2017).

It should also be noted that the subject under analysis 
still raises many doubts and uncertainties in the national 
context, which inevitably makes it difficult to obtain a 
greater involvement and participation in this type of stud-
ies, as well as reflections by the different agents and enti-
ties involved in the sector.

3.1. Information about the survey participants

The respondents’ main areas of activity are the following: 
project authors (38%), followed by construction/produc-
tion directors (28%), construction supervision directors 
(21%), and safety technicians (13%).
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Next, the respondents’ experience in CDW manage-
ment is registered according to the following intervals: 
under 9 years, 10 to 14 years, and over 15 years (Table 4).

Table 4. Distribution of respondents’ experience in CDW 
management according to their professional activity (n = 153)

Professional activity Under  
9 years

10 to  
14 years

Over  
15 years

Construction/
production director 20% 27% 53%

Security technician 43% 0% 57%
Construction 
supervision director 18% 27% 55%

Project author 0% 30% 70%
TOTAL 15% 25% 60%

As can be seen in Table 4, 60% of the respondents have 
more than 15 years of experience, and all respondents, re-
gardless of their professional activity, have more than 50% 
experience. 

3.2. Data collected from the survey

Firstly, based on their experience, respondents were asked 
to identify, on a percentage scale, the method of CDW 
management they use on site, considering the following 
possibilities: A1 – Licensed landfill; A2 – Recycling; A3 – 
Reuse on site; and A4  – Other (landfills, construction 
sites, etc.). For each item, respondents should indicate the 
interval corresponding to the works carried out, namely: 
0%; 0 to 25%; 25 to 50%; 50 to 75%; 75 to 100%.

Table 5 presents the analysis of the collected data, 
based on the percentage calculated from the responses ob-
tained. According to the data analysis, there is little CDW 
reuse on site (A3): in particular, 58% of the respondents 
say they have reused their works’ CDW in the interval of 
0 to 25%. Equally important, 47% of the respondents said 

they had never sent their CDW to non-certified landfills 
(A4), but 34% said they had already sent their CDW to 
unlicensed landfills, at least in 25% of the works they car-
ried out. It was also observed that only 8% of the respond-
ents had never sent their CDW to a licensed landfill (A1), 
and 9% never recycled them (A2) in the works they car-
ried out. It was also observed that CDW recycling and/or 
reusing on site is not yet standard practice, as only 6% of 
the respondents said they reuse them (A3) in the interval 
of 75 to 100% in the works they carried out; regarding 
the issue of recycling (A2), 13% said they recycled CDW 
in the interval of 75% to 100% in the works carried out 
during their work experience. 

Respondents were then asked to indicate the percent-
age of waste that is recycled, according to the following 
possibilities, as shown in Table 6: B1 – Wall materials (e.g., 
bricks, blocks); B2  – Concrete execution with recycled 
aggregates; B3  – Materials serving as a base for ground 
floors; B4  – Other applications, such as drains, founda-
tions and landfills. For each item, the respondents had to 
indicate the interval corresponding to the works carried 
out, namely: 0%; 0% to 25%; 25% to 50%; 50% to 75%; 
75% to 100%.

As can be seen in Table 6, the most recycled CDW 
is the one that serves as basis for ground floors (B3), as 
only 6% of the respondents stated that they had never 
used CDW in their works. 45% of the respondents used 
CDW as wall-building materials (B1), with a use between 
0 to 25% in the works carried out. Although the truth-
fulness of the respondents is not something that can be 
determined properly, the statements concerning the use of 
recycled aggregates in structural concrete are dubious, to 
say the very least, for little to no knowledge exists in the 
industry regarding structural recycled aggregate concrete, 
and it often comes from ready-mix plants, which still do 
not produce recycled aggregate concrete. A potential note 
could be added regarding the respondents’ biased answers.

Table 5. Method of CDW management (n = 153)

Method of CDW management
CDW distribution (%)

0% 0–25% 25–50% 50–75% 75–100%
A1 – Licensed landfill 8% 34% 21% 19% 19%
A2 – Recycling 9% 32% 36% 9% 13%
A3 – Reuse on site 11% 58% 15% 9% 6%
A4 – Other (landfills, construction sites, etc.) 47% 34% 13% 6% 0%

Table 6. Distribution of CDW reuse on construction site (n = 153)

Method of CDW management
CDW distribution (%)

0% 0–25% 25–50% 50–75% 75–100%
B1 – Wall materials (e.g., bricks, blocks) 21% 45% 17% 13% 4%
B2 – Concrete execution with recycled aggregates 21% 38% 26% 9% 6%
B3 – Materials serving as a base for ground floors 6% 26% 34% 26% 8%
B4 – Other applications, such as drains, foundations and landfills 42% 42% 9% 8% 0%
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However, regarding item B2, there are very few com-
panies in Portugal that reuse aggregates to use structural 
concrete; therefore, respondents may use waste for struc-
tural concrete in an uncontrolled manner.

There is little recycling, with less than 10% of the re-
spondents recycling between 75% and 100% in the works 
carried out, irrespective of the type of CDW involved. This 
indicator also stems from the low rate of recycling by the 
respondents in the works they carried out.

Given the goal of understanding the panorama of 
CDW management, the respondents were asked to es-
timate, based on their own professional experience, the 
rate of reuse they have adopted for the different types of 
construction or rehabilitation, considering the following 
types of works: C1 – Reinforced concrete structure con-
structions; C2 – Stone masonry constructions; C3 – Metal 
structure constructions; C4 – Mixed structure construc-
tions; C5  – Wood structure constructions; C6  – Rein-
forced concrete structure rehabilitations; C7 – Stone ma-
sonry rehabilitations; C8 – Metal structure rehabilitations; 
C9  – Mixed structure constructions; and C10  – Wood 
structure rehabilitations. For each item, the respondents 
had to indicate the interval corresponding to the works 

carried out (Table 7): 0%; 0% to 25%; 25% to 50%; 50% to 
75%; 75% to 100%.

According to the results shown in Table 7, the rehabili-
tation of stone structures (C7) presents the highest rate: 
21% of material reuse, with a percentage above 50% of 
the works (adding the interval of 75% to 100% with the 
interval of 50% to 75%). And wood structure construc-
tions (C5) present the lowest rate of material reuse, with 
a percentage below 25% of the works (0% + 0% to 25%), 
of 74%. Additionally, the respondents did not differentiate 
between construction and rehabilitation works, because 
both types of work obtained similar values.

3.3. Benefits of CDW reuse and recycling

In this question, participants were asked about the ben-
efits of CDW reuse and recycling. Table 8 lists the seven 
benefits (D1 to D7) that were identified in the literature 
review (Section 1), their general average, standard devia-
tion, and the corresponding RII values. The Cronbach’s 
global alpha resulting from the analysis of the data col-
lected from the general sample corresponds to 0.7898 
(above 0.75), which reveals a high internal consistency, 

Table 7. Distribution of CDW reuse by type of construction (n = 153)

Type of construction
CDW reuse on site (%)

0% 0–25% 25–50% 50–75% 75–100%
C1 – Reinforced concrete structure constructions 13% 53% 26% 2% 6%
C2 – Stone masonry constructions 19% 40% 30% 8% 4%
C3 – Metal structure constructions 30% 38% 19% 9% 4%
C4 – Mixed-structure constructions 17% 51% 23% 6% 4%
C5 – Wood structure constructions 36% 38% 19% 4% 4%
C6 – Reinforced concrete rehabilitations 13% 53% 21% 9% 4%
C7 – Stone masonry rehabilitations 19% 32% 28% 13% 8%
C8 – Metal structure rehabilitations 30% 34% 17% 17% 2%
C9 – Mixed-structure rehabilitations 23% 43% 17% 13% 4%
C10 – Wood structure rehabilitations 34% 36% 19% 6% 6%
Construction [C1 – C5] 23% 44% 23% 6% 4%
Reconstruction [C6 – C10] 23% 44% 22% 7% 4%

Table 8. Analysis of the general survey sample data regarding the benefits of CDW reuse and recycling (Cronbach’s alpha = 0.7898)

Item General 
average

Standard 
deviation RII Cronbach’s 

Alpha 
ANOVA

F-value p-value
D1 – Saves space in landfills, thus reducing the need for new landfills 4.00 1.01 80% 0.7807 2.54 0.07
D2 – Reduces the project budget by using recycled materials 3.60 1.00 72% 0.7733 0.26 0.6
D3 – Saves the cost of transportation between the construction site 
and the landfill 3.75 1.01 75% 0.7475 0.11 0.95

D4 – Complies with government policies of green construction and 
environmental protection 3.91 0.98 78% 0.7658 2.00 0.13

D5 – Promotes increased competitiveness resulting from increased 
business opportunities for the sector 3.40 1.09 68% 0.7300 0.86 0.47

D6 – Decreases the ecological footprint 4.34 0.73 87% 0.7727 0.82 0.49
D7 – Protects natural resources 4.53 0.63 91% 0.7650 0.72 0.55
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thus indicating a good correlation between the respond-
ents’ statements. And the ANOVA analysis carried out 
to check whether the respondents’ role and professional 
experience regarding the benefits of CDW reuse and re-
cycling conditioned the answers they gave, as explained 
in Section 2. The individual values (per item) of Cron-
bach’s alpha indicated in Table 8 suggest that each item 
contributes positively to internal consistency, as explained 
in Section 2.

As shown in Table 8, item D5 presents a lower Cron-
bach’s Alpha, which means that respondents are more 
likely to assign inconsistent scores to that item, while their 
perceptions of other items tend to be more internally cor-
related, conveying the idea that promoting increased com-
petitiveness resulting from increased business opportuni-
ties for the industry may be uncertain in comparison with 
other items related to other benefits arising from CDW 
reuse and recycling. D7 (Protects natural resources) is the 
best ranked item, with 0.91 RII, followed by D6 (Reduces 
ecological footprint), with 0.87 RII. 

Also, the results of the respondents’ answers do not 
present significant differences arising from their role and 
professional experience regarding the benefits of CDW re-
use and recycling. As explained in Section 3, the p-value 
is higher than 0.05, and the value of the statistical factor 
(F-value) is lower than the value of the critical statistical 
factor (critical F equal to 2.79). Therefore, it can be in-
ferred that the survey participants share consistent views 
on the benefits derived from CDW reuse and recycling.

3.4. Factors hindering CDW reuse and recycling 

In this question, respondents were inquired about the fac-
tors that hinder CDW reuse and recycling. Table 9 lists the 
fourteen items (E1 to E14) that were identified in the lit-
erature review (Section 1), their general average, standard 
deviation, and the corresponding RII values. The global 
Cronbach’s alpha resulting from the analysis of the data 
collected from the general sample corresponds to 0.8685 
(higher than 0.75), which shows a high internal consist-
ency and thus indicates a good correlation between the 
respondents’ statements. The individual values (per item) 
of Cronbach’s alpha indicated in Table 9 suggest that each 
item contributes positively to internal consistency, as ex-
plained in Section 3.

Table 9 shows that items E2, E5 and E8 have a lower 
RRI, which means that the respondents were more likely 
to assign inconsistent scores to those items, while their 
perceptions of other items tended to be more internally 
correlated. Item E14 (Cultural resistance to products or 
projects using CDW) is the best rated item, with 0.80 RII, 
followed by E12 (Lack of government support), with 0.78 
RII. Table 9 also presents the results of an ANOVA analy-
sis carried out to check whether the respondents’ role and 
respective professional experience regarding the factors 
that hinder CDW reuse and recycling condition the re-
sults, as explained in Section 2. 

Table 9 shows that the results of the answers do not 
present significant differences arising from the respond-
ents’ role and respective professional experience regarding 

Table 9. Analysis of the general survey sample data regarding the factors hindering CDW reuse and recycling  
(Cronbach’s alpha = 0.8685)

Item General
average

Standard 
deviation RII Cronbach’s 

alpha 
ANOVA

F-value p-value
E1 – High cost and labour intensity in waste separation 3.60 0.81 72% 0.8586 1.70 0.18
E2 – High cost of transport between the work site and landfills 3.36 0.95 67% 0.8604 0.65 0.59
E3 – Difficulty in installing and maintaining reuse and recycling 
machines (e.g., crushers) on site 3.81 0.87 76% 0.8643 0.54 0.66

E4 – Higher cost of work planning and management by incorporating 
CDW delivery to landfills 3.49 0.9 70% 0.8604 1.09 0.36 

E5 – A higher workload in registration and supervision of activities 
related to CDW delivery to landfills 3.34 0.91 67% 0.8549 0.05 0.98 

E6 – Change in management policy and work mechanism in 
companies 3.70 0.77 74% 0.8662 0.92 0.44 

E7 – Lack of employees’ participation and training in CDW reuse and 
recycling 3.74 0.85 75% 0.8601 2.13 0.11 

E8 – Lower quality of products with recycled content 3.06 1.09 61% 0.8556 1.70 0.18 
E9 – Lack of balance between demand and supply in the reuse and 
recycling market 3.6 0.98 72% 0.8539 1.14 0.34 

E10 – Lack of investment in scientific research on CDW reuse 3.81 0.89 76% 0.8601 2.72 0.05 
E11 – Lack of promotion and support for CDW reuse and recycling 3.72 0.86 74% 0.8575 1.83 0.15 
E12 – Lack of government support 3.89 0.96 78% 0.8613 2.52 0.07 
E13 – Lack of regulation on CDW reuse and recycling 3.49 1.02 70% 0.8605 0.55 0.65 
E14 – Cultural resistance to products or projects incorporating CDW 4.02 0.86 80% 0.8621 0.26 0.85 
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the benefits of CDW reuse and recycling. As explained in 
Section 2, the p-value is higher than 0.05, and the value 
of the statistical factor (F-value) is lower than the value 
of the critical statistical factor (F critical equal to 2.79). 
It can therefore be inferred that the survey participants 
share consistent views on the benefits derived from CDW 
reuse and recycling. However, factor E10 (Lack of invest-
ment in scientific research on CDW reuse) shows 0.05 p-
value, corresponding to the limit, which may give rise to 
doubts regarding the consistency of responses. Obviously, 
the respondents have little knowledge on the worldwide 
advancements made in structural recycled aggregate con-
crete or on the published material on that subject.

3.5. Factors promoting CDW reuse and recycling

On this point, participants were inquired about the factors 
that promote CDW reuse and recycling. Table 10 lists the 
five items (F1 to F5) promoting CDW reuse and recycling 
that were identified in the literature review (Section 1), 
their general average, standard deviation, and the corre-
sponding RII values. The Cronbach’s global alpha resulting 
from the analysis of the data collected from the general 
sample corresponds to 0.8214 (higher than 0.75), which 
shows a high internal consistency and thus indicates a 
good correlation between the respondents’ responses. The 
individual values (per item) of Cronbach’s alpha shown 
in Table 10 suggest that each item contributes positively 
to internal consistency, as explained in Section 2, except 
for item F5 (Financial incentive to CDW reuse or recy-
cling), whose individual Cronbach’s alpha value (0.8309) is 
higher than the overall value (0.8214), thus indicating that 
this was the only item that did not contribute to internal 
consistency.

Table 10 shows that items F1 and F4 have a lower cor-
relation, which means that respondents were more likely 
to assign inconsistent scores to those items, while their 
perceptions of other items tended to be more internally 
correlated. Item F2 (Inclusion of waste reuse and recy-
cling in the initial stage of the project) is the best ranked 
one, with 0.83 RII. An ANOVA analysis was carried out 
to check whether the respondents’ role and respective pro-
fessional experience regarding the benefits of CDW reuse 

and recycling condition the results of the answers shown 
in Table 8. 

From the analysis, the results of the answers do not 
present significant differences arising from the respond-
ents’ role and respective professional experience regard-
ing the factors that promote CDW reuse and recycling. 
As explained in Section 2, the p-value is higher than 0.05, 
and the value of the statistical factor (F-value) is lower 
than the value of the critical statistical factor (F critical 
equal to 2.79). Therefore, it can be inferred that the survey 
participants share consistent opinions on the other factors 
that promote CDW reuse and recycling.

4. Discussion

This study aimed to investigate the current stage of CDW 
recycling and reuse practice in Portugal. The results from 
the analysis of the collected data show that to reduce or 
minimize CDW, it is important to consider the stakehold-
ers’ attitudes and behaviours.

4.1. The perception of CDW reuse and  
recycling in the construction sector

Portugal generates a high amount of CDW compared to 
some countries in the EU. According to the data analysis, 
CDW recycling and/or reusing on site is not yet stand-
ard practice: only 6% of the respondents say they reuse 
CDW in the works they carried out; and only 13% say 
they recycle CDW. The values are lower in comparison 
with the study conducted by Coelho and de Brito (2013), 
whose results showed 11% regarding reuse and 9% regard-
ing CDW recycling, showing a reduction of reuse (–5%) 
and an increase of recycling (+4%) in Portugal since 2013. 

4.2. The benefits of CDW reuse and recycling

The respondents consider that protecting natural resourc-
es and decreasing the ecological footprint are the most im-
portant benefits of CDW reuse and recycling. It is impor-
tant to stress that the study conducted by Jin et al. (2017) 
considered a high awareness of governmental policies to 
be the most important factor. 

Table 10. Analysis of the general survey sample data regarding the factors that promote CDW reuse and recycling  
(Cronbach’s alpha = 0.8214)

Item General 
average

Standard 
deviation RII Cronbach’s 

alpha 
ANOVA

F-value p-value
F1 – A comprehensive and accurate assessment of the return on 
investment in CDW reuse and recycling 3.94 0.63 79% 0.7749 0.32 0.81 

F2 – Inclusion of CDW reuse and recycling in the initial stage of 
the project 4.13 0.65 83% 0.7882 0.60 0.62 

F3 – Inclusion of training actions to raise awareness of CDW reuse 
and recycling 4.09 0.81 82% 0.7794 0.39 0.76 

F4 – Effective communication between all stakeholders regarding 
CDW reuse and recycling 3.94 0.76 79% 0.7518 0.09 0.96 

F5 – Financial incentive for CDW recycling and/or reuse 4.11 0.74 82% 0.8309 0.50 0.69 
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Besides protecting natural resources and decreasing 
the ecological footprint, another main benefit of CDW 
reuse and recycling received highly positive perceptions: 
lowering the demands on landfill space, which were also 
considered top benefits of concrete recycling in the study 
conducted in Jin et al. (2015).

4.3. Factors hindering CDW reuse and recycling 

The respondents considered that cultural resistance to 
products or projects using CDW is the best rated item, 
followed by the lack of government support. Similarly to 
the study conducted by Jin et  al. (2017), governmental 
supportive policies in terms of mandatory requirements or 
financial incentives, guidelines, and effort in monitoring 
the industrial behaviour of recycling and reusing CDW 
were perceived as playing a significantly important role 
in promoting the CDW diversion practice. Another study 
by Lockrey et  al. (2016) also claims that governmental 
support and legislation is highly important in enhancing 
CDW recycling and reuse.

4.4. Analysis of the survey results in combination 
with Portugal’s national conditions and policies

Portuguese environmental policies have set a 70% target 
for the reuse and recycling of construction and demolition 
waste to be met by 2020, and an obligation to use at least 
5% recycled materials in construction contracts (Decree-
Law 73/2011, 2011).

Based on the survey, only 37% reuse and recycling is 
verified in at least half of the construction projects carried 
out by the respondents.

Regarding the use of recycled materials, 18% of CDW 
is applied in at least 25% of the respondents’ construc-
tion works, approaching the value set by the Portuguese 
government. Regarding the distribution of CDW reuse by 
type of work, there was a value of 10% for new construc-
tion and 11% for reconstruction in at least half of the re-
spondents’ construction works, reaching the target of 5% 
of recycled materials in construction contracts.

In the specific case of Portugal, larger quantities of 
waste are still sent to landfills or incineration plants, but 
these solutions have demonstrated over time some draw-
backs that force society to seek other more environmen-
tally friendly strategies. 

Despite mandatory on-site sorting of CDW – and only 
then deposition in a landfill is allowed – respondents con-
sider waste separation high costs, labor intensity and the 
lack of government support as factors that hinder CDW 
recycling and reuse. However, respondents do not consid-
er the cost of transportation between the construction site 
and landfills to be relevant, nor the workload in register-
ing and supervising the activities related to CDW delivery 
to landfills. 

The main objectives of Portugal’s construction and 
demolition waste management protocol are promoting 
waste recycling and the use of recycled materials, promot-
ing sustainability by reducing the use of natural resources, 
and to contribute to the waste recovery targets set at 70%. 

Based on the analysis of the survey’s results, a set of 
proposals on the practice of CDW reuse and recycling in 
Portugal is presented in Table 11, through its importance 
and level of implementation.

4.5. Factors promoting CDW reuse and recycling

All factors listed in this study for promoting CDW reuse 
and recycling were positively perceived by the respond-
ents. Based on their responses, the inclusion of waste re-
use and recycling in the initial stage of the project is the 
best ranked factor. The communication and specifying 
CDW management work in the early project design or 
procurement stage by involving multiple project parties 
can promote CDW reuse and recycling. Site waste man-
agement plan is becoming popular nowadays as a valuable 
approach for assisting construction stakeholders to antici-
pate and officially note the quantity and type of CDW and 
take appropriate decisions to manage it when necessary 
(Kabirifar et al., 2020). This plan focuses on the construc-
tion project’s lifecycle, starting from the planning and de-
signing stage to the demolition stage (Esa et al., 2017b).

Conclusions

The main goal of this study was to survey the current state 
of the practice of CDW reuse and recycling in Portugal. 
It started with a description of the overall picture and at a 
later stage a questionnaire was adopted to study the per-
ception of stakeholders by focusing on three main vectors: 
advantages, difficulties, and promotion of CDW reuse and 

Table 11. Factors that prove the practice of CDW reuse and recycling in Portugal

Item Importance Implementation
1. Formation and promotion of products or projects that use CDW via government support, 

including in the cost of sale Very important Easy 

2. Investment in scientific research on CDW reuse in new building materials Very important Easy
3. Involvement of employees in CDW reuse and recycling via financial incentives Important Easy
4. Valuing in public contracting the companies that have management policies and work 

mechanisms regarding CDW management (for example, by creating a certification for the 
company that reuses and recycles CDW in their construction sites)

Very important Difficult 

5. Financial incentive to the client towards CDW recycling and/or reuse Important Average
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recycling. A comprehensive approach was adopted in the 
research via quantitative data. The sample was considered 
acceptable in comparison with other studies carried out 
within the construction sector. The main professional 
roles/activities referred by the respondents are those of 
project author, supervision director, safety technician and 
construction direction, with the majority (60%) having 
more than 15 years of experience in this area.

After analysing the collected data, it was concluded 
that the main method/solution adopted for CDW man-
agement is delivering it to a licensed landfill (47%), thus 
indicating insufficient reuse of CDW on site, with only 6% 
of the respondents stating that they reuse the materials on 
site, and 13% stating that they recycled CDW. However, 
this reuse on site is mostly restricted to the manufactur-
ing of floor bases. Respondents did not differentiate the 
practice of CDW management in new construction or 
rehabilitation works. But they do consider that new con-
structions or rehabilitation in metallic structure and new 
constructions and rehabilitation in stone masonry are the 
ones with the highest rate of reuse (16%).

Regarding the benefits arising from CDW reuse and 
recycling, the answers show a high internal consistency, 
thus indicating a good correlation between the respond-
ents’ statements, as well as a consistent sharing of opinions 
from these participants from different professions, with 
item D7 (Protects natural resources) being the best ranked 
benefit, followed by item D6 (Decreased ecological foot-
print). This shows that the respondents’ answers denote 
environmental awareness and concern with reducing car-
bon emissions.

Regarding the factors that hinder CDW reuse and 
recycling, the responses present a high internal consist-
ency, as well as a consistent sharing of views between these 
participants from different professions. Respondents ac-
knowledge that there is a cultural resistance to products or 
projects using CDW, combined with the general percep-
tion that products with recycled content have lower qual-
ity. The difficulty in installing or maintaining recycling 
equipment for CDW reuse on site is also referred as one 
among other factors that most hinder the adoption of the 
practice of CDW reuse and recycling.

It can also be concluded that the respondents share 
the view that there should be greater investment and sup-
port from the government in the training of construction 
companies. 

Future research may focus on integrating project man-
agement methodology with the concept of sustainability 
to create a methodology to support CDW management. 
The Building Information Modeling (BIM) methodology 
should also be integrated at an early stage of the construc-
tion project to estimate the quantities of CDW generated 
and assess the types of CDW that can be reused or recy-
cled during the life cycle of the construction project.
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APPENDIX

Questionnaire

First section

1. What is your experience in the construction industry?
☐ Under 9 years
☐ 10 to 14 years
☐ Over 15 years

2. What is your area of activity in the company?
☐ Construction supervision directors 
☐ Construction/production directors
☐ Safety Technician
☐ Project authors

3. Based on your experience, please identify on a percentage scale, the method of CDW management you use on site, 
considering:

0% 0–25% 25–50% 50–75% 75–100%
A1 – Licensed landfill ☐ ☐ ☐ ☐ ☐
A2 – Recycling ☐ ☐ ☐ ☐ ☐
A3 – Reuse on site ☐ ☐ ☐ ☐ ☐
A4 – Other (landfills, construction sites, etc.) ☐ ☐ ☐ ☐ ☐

4. Based on your experience, please identify the percentage of waste that is recycled, according to the following possibili-
ties:

0% 0–25% 25–50% 50–75% 75–100%
B1 – Wall materials (e.g., bricks, blocks) ☐ ☐ ☐ ☐ ☐
B2 – Concrete execution with recycled aggregates ☐ ☐ ☐ ☐ ☐
B3 – Materials serving as a base for ground floors ☐ ☐ ☐ ☐ ☐
B4 – Other applications, such as drains, foundations and landfills ☐ ☐ ☐ ☐ ☐

5. Based on your experience, please estimate the rate of reuse for the different types of construction or rehabilitation, 
considering the followings:

0% 0–25% 25–50% 50–75% 75–100%
C1 – Reinforced concrete structure constructions ☐ ☐ ☐ ☐ ☐
C2 – Stone masonry constructions ☐ ☐ ☐ ☐ ☐
C3 – Metal structure constructions ☐ ☐ ☐ ☐ ☐
C4 – Mixed-structure constructions ☐ ☐ ☐ ☐ ☐
C5 – Wood structure constructions ☐ ☐ ☐ ☐ ☐
C6 – Reinforced concrete rehabilitations ☐ ☐ ☐ ☐ ☐
C7 – Stone masonry rehabilitations ☐ ☐ ☐ ☐ ☐
C8 – Metal structure rehabilitations ☐ ☐ ☐ ☐ ☐
C9 – Mixed-structure rehabilitations ☐ ☐ ☐ ☐ ☐
C10 – Wood structure rehabilitations ☐ ☐ ☐ ☐ ☐
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Second section

1. Based on your experience, please rank by using a Likert scale, ranked from 1 to 5, where 1 corresponds to “unimpor-
tant” and 5 to “very important” the benefits of CDW reuse and recycling

1
unimportant

2 3 4 5
very important

D1 – Saves space in landfills, thus reducing the need for new landfills ☐ ☐ ☐ ☐ ☐
D2 – Reduces the project budget by using recycled materials ☐ ☐ ☐ ☐ ☐
D3 – Saves the cost of transportation between the construction site and the 
landfill ☐ ☐ ☐ ☐ ☐

D4 – Complies with government policies of green construction and 
environmental protection ☐ ☐ ☐ ☐ ☐

D5 – Promotes increased competitiveness resulting from increased business 
opportunities for the sector ☐ ☐ ☐ ☐ ☐

D6 – Decreases the ecological footprint ☐ ☐ ☐ ☐ ☐
D7 – Protects natural resources ☐ ☐ ☐ ☐ ☐

2. Based on your experience, please rank by using a Likert scale, ranked from 1 to 5, where 1 corresponds to “unimpor-
tant” and 5 to “very important” the factors that hinder CDW reuse and recycling

1
unimportant

2 3 4 5
very important

E1 – High cost and labour intensity in waste separation ☐ ☐ ☐ ☐ ☐
E2 – High cost of transport between the work site and landfills ☐ ☐ ☐ ☐ ☐
E3 – Difficulty in installing and maintaining reuse and recycling machines  
(e.g., crushers) on site ☐ ☐ ☐ ☐ ☐

E4 – Higher cost of work planning and management by incorporating CDW 
delivery to landfills ☐ ☐ ☐ ☐ ☐

E5 – A higher workload in registration and supervision of activities related to 
CDW delivery to landfills ☐ ☐ ☐ ☐ ☐

E6 – Change in management policy and work mechanism in companies ☐ ☐ ☐ ☐ ☐
E7 – Lack of employees’ participation and training in CDW reuse and recycling ☐ ☐ ☐ ☐ ☐
E8 – Lower quality of products with recycled content ☐ ☐ ☐ ☐ ☐
E9 – Lack of balance between demand and supply in the reuse and recycling 
market ☐ ☐ ☐ ☐ ☐

E10 – Lack of investment in scientific research on CDW reuse ☐ ☐ ☐ ☐ ☐
E11 – Lack of promotion and support for CDW reuse and recycling ☐ ☐ ☐ ☐ ☐
E12 – Lack of government support ☐ ☐ ☐ ☐ ☐
E13 – Lack of regulation on CDW reuse and recycling ☐ ☐ ☐ ☐ ☐
E14 – Cultural resistance to products or projects incorporating CDW ☐ ☐ ☐ ☐ ☐

3. Based on your experience, please rank by using a Likert scale, ranked from 1 to 5, where 1 corresponds to “unimpor-
tant” and 5 to “very important” the factors that promote CDW reuse and recycling

1
unimportant

2 3 4 5
very important

F1 – A comprehensive and accurate assessment of the return on investment in 
CDW reuse and recycling ☐ ☐ ☐ ☐ ☐

F2 – Inclusion of CDW reuse and recycling in the initial stage of the project ☐ ☐ ☐ ☐ ☐
F3 – Inclusion of training actions to raise awareness of CDW reuse and recycling ☐ ☐ ☐ ☐ ☐
F4 – Effective communication between all stakeholders regarding CDW reuse 
and recycling ☐ ☐ ☐ ☐ ☐

F5 – Financial incentive for CDW recycling and/or reuse ☐ ☐ ☐ ☐ ☐


