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Abstract: Many studies have developed technologies intended to automate the process toward im-
proving sustainability and achieving a circular economy in the construction industry. Despite some
research works that have been recently conducted to help construction agents in the management
of construction and demolition waste (CDW), developing new CDW monitoring and traceability
tools—through a collaborative and integrative approach—is still an urgent challenge. This paper
developed a hybrid mobile app for the real-time traceability of construction waste generation and
management, where agents involved in CDW management can work together and trace the genera-
tion and management of waste. For this, a research method was developed following three stages:
(1) planning and design, including identification of the information to be incorporated in the app and
the output data; (2) development of the app; and (3) app testing by several construction agents, stress-
ing the benefits and limitations. The developed app allows not only estimating but also tracing the
amount of CDW generated in a construction project, ensuring the correct management and control of
the waste. In addition, it promotes collaborative work, as the agents involved in CDW management,
i.e., construction companies, site managers, truck drivers, waste managers, and management plants,
can work together and see in real-time the management of the waste.

Keywords: construction; circular economy; recycling; software application

1. Introduction

The construction sector is one of the main industries generating great environmental
impact. For this, several initiatives have been launched in an attempt to improve this
situation. Among these measures, the circular economy principles can be highlighted,
which encourage reuse, recycling and recovery of waste. In this sense, many scientific
works have been developed to design new building materials incorporating different waste
streams [1–3].

In addition, since 2008, Europe has incorporated several regulations to manage con-
struction and demolition waste (CDW). For instance, in Spain, the Royal Decree 105/2008
is currently in force [4]. This law regulates the production and management of CDW to-
gether with various National Waste Management Plans. These regulations establish several
measures to promote CDW recycling and minimization in construction and demolition
projects. Among their actions, these regulations require actors to write a CDW report and
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plan during the design and construction phase of the project as well as to establish an
economic fee deposit that will be returned at the end of the project, once the client presents
all the needed documents certifying the correct management of the CDW generated.

Despite the legislative advances in CDW management, when it comes to implementing
these regulations in the construction industry, there are still many difficulties, such as the
difficulty of estimating the CDW generation of a project [5–9] or managing and controlling
the waste generated, as there are many agents involved in the process [10,11]. Therefore, it
is essential to develop tools that collect data, measure and understand CDW generation,
composition, and management, allowing for the collection of data for developing future
CDW estimations and allowing the traceability of CDW throughout the entire building
process [12].

During the last few years, many research works have been conducted dealing with
CDW management issues. In particular, computer-aided tools have been quickly developed
to improve CDW management [13–15].

In the last few years, these CDW tools have incorporated technological advances to
improve their properties. For example, Zainun et al. (2016) used GIS to locate illegal CDW
dumping in Kluang, Malaysia [16], and they were able to quantify in volume and weight
the amount of CDW that was illegally dumped. Paz et al. (2018) developed a GIS-based
planning system for managing CDW in Brazil [17], proving that the GIS system is essential
to controlling CDW traceability and final destination.

On the other hand, GIS methods have been also combined with building informa-
tion modeling (BIM) or the Global Positioning System (GPS) in order to improve CDW
management. For example, a combination of the BIM and GIS technologies was used
for demolition waste control and management [18]. The key finding of combining both
technologies is that it provides information about the spatial data and object-oriented data
for the CDW management of a single project [19]. Furthermore, Seror and Portnov [20]
used a combination of GIS and GPS to highlight that the distance to the nearest main road,
the depth of the ravine, and forest proximity are significant factors influencing illegal CDW
dumping [20].

More recently, Hu et al. [21] combined a handheld camera with BIM technology to
develop a smart framework for waste management in demolition projects. This smart
frame helps to develop not only the BIM model but also to estimate the CDW quantity and
management cost.

Another recent study conducted by Lu et al. [22] used computer vision and artificial in-
telligence to automate the recognition of CDW composition, providing a robust technology
for CDW recognition.

Table 1 show recent works dealing with tools for CDW management.

Table 1. Previous research works dealing with CDW management and quantification tools.

Author Country Technologies Aim of the Developed Technology

Zainun et al. [16] Malaysia GIS Locate illegal CDW dumping

Paz et al. [17] Brazil GIS Control CDW traceability and final destination

Irizarry et al. [18] Georgia GIS + BIM Demolition waste control and management

Al-Saggaf and Jrade [19] Canada GIS + BIM Estimate CDW generation and management

Seror and Portnov [20] Israel GIS + GPS Locate illegal CDW dumping

Hu et al. [21] Hong Kong Camera vision + BIM Framework for waste management in demolition
projects: BIM modeling and CDW estimation costs

Lu et al. [22] Hong Kong Computer vision and artificial
intelligence Recognition of CDW composition

Currently, the development of mobile apps has an exponentially growing market
around the world. Kaur and Kaur [23] reviewed the growing use of mobile apps running on
smartphones, tablets, laptops, and other mobile devices. In the field of construction waste
management, the works of Oliveira et al. from 2019 [24] and Attia et al. from 2021 [25] can
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be highlighted. In Spain, the Association of Construction Materials Companies (Asemaco,
Pontevedra, Spain) has developed a mobile application for the management of construction
waste generated in civil construction and demolition works [26]. It is available for Android
and incorporates a complementary web app for waste calculation, providing the site agent
with an extra tool to estimate the quantities of waste produced on site.

Based on the literature review, no studies were found on developing mobile ap-
plications with a collaborative and integrative approach, where the agents involved in
CDW management can work together and trace the generation and management of waste.
Therefore, this work aims to coordinate the waste management generated in building
construction sites by developing a mobile application that allows not only estimating but
also tracing the amount of CDW generated in a construction project, ensuring the correct
management and control of the waste.

2. Materials and Methods

To carry out the development of the application and organize the tasks, a traditional
waterfall methodology was followed (Figure 1). It is perfectly suited to small software
development projects with specific and clearly defined objectives, since it rigorously orders
the different phases of the project. Each phase must wait for the previous phase to finish
since, in general, each phase receives as input the output generated in the previous phase.
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Figure 1. Scheme of the methodology followed to develop the app.

As can be seen from the flowchart in Figure 1, the app development consisted of three
phases:

• Preliminary analysis: identification of the main information to be incorporated into
the app and the output data;

• Development of the app;
• App testing and validation.

2.1. Preliminary Analysis—Identification of Key Input and Output Data

For the first stage of the method (Figure 1), one-to-one interviews were conducted with
three experts on CDW management in order to define the needed data to be incorporated
and the expected outputs of the app. For this, a CDW manager from a construction
company, an authorized waste manager, and an architect from a local authority located in
Madrid were approached to participate in a one-to-one interview. The three interviewees
were selected because they cover the entire CDW management chain, from the construction
company to the waste manager. All of them were working as managers of CDW at the
moment of the interview and were chosen randomly based on their experience regarding
CDW and their availability to participate in the interview. During the interview, the
following open-ended questions were formulated:
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• Which are the key factors affecting CDW management and traceability?
• Which construction agents are the ones most directly related to CDW management

and traceability and which would be the suitable persons to use the app?
• What would be the input data and expected outcomes of the app? What are your

needs?

The answers obtained were analyzed in order to define the needed data to be incorpo-
rated into the app as well as the final outcome of the application.

2.2. App Development

There are currently two different types of mobile phone applications: native appli-
cations, which are developed for a specific platform, e.g., Android, iOS, Windows Phone,
etc., and hybrid applications, which are web applications encapsulated in a native shell
given the appearance of the interface user as a mobile application [27]. Despite the native
ones allowing developers to make the most of the phone’s operating system and hardware
resources, a hybrid mobile application for Android was chosen for this work, since it
allows developers to fully manage and optimize the specific management of CDW and the
common management of any company.

The second stage of the method, as shown in Figure 1, unfolded in four phases:
(1) structure and design; (2) database selection; (3) functionality and connection to the
database; and (4) data display platform development.

2.2.1. Structure and Design

To develop a hybrid application, it is necessary to use a development framework,
that is, a set of classes, methods, and libraries that allow agile software development to be
carried out and will allow the application to be compatible with the different platforms on
which it is deployed. The main hybrid application development frameworks are Apache
Cordova [28]/Phonegap [29] and Ionic [30]. Both frameworks offer similar possibilities.

Apache Cordova 9.0.0 has been used in this work because it allows developers to
customize the appearance of the application and does not impose any style sheet as occurs
in other frameworks. HTML5 [31] has also been used to design the main structure of the
application, and JavaScript [32] was used to control the behavior of the different elements
of the application. Apache Cordova requires the existence of a home screen that will be the
first one to be displayed, and by default its name must be index.html. Its appearance will
vary depending on the user, since its content is dynamically generated based on the type of
user who has logged in.

ListView and Form were implemented, from which the rest of the three screens were
derived: (1) Login, the first screen that the user sees when the application is executed for
the first time or the session has been previously closed; (2) ObraView, which shows the
relative information of a construction work and (3) MainTransportista, the main screen that
the driver of the waste container sees once he logs into the system.

Moreover, CSS3 [33] style sheets—which provide style to HTML elements—and ver-
sion 4.3.1 of Bootstrap [34]—a multiplatform tool library oriented toward the development
of web applications—were used to design the app. The Bootstrap library allows developers
to develop applications with a responsive design through a series of predefined styles. This
is a key feature due to the large number of screen sizes used by mobile devices and tablets
on the market. In addition, it is compatible with most web browsers. For the typography
and icons present in the application, those provided by Fontawesome [35] and Flaticon [36]
have been used. Once the application was developed, it was encapsulated to be compatible
with Android Oreo 8.0.0. [37].

Figure 2 shows the typical architecture of an Apache Cordova application, including
three different modules in which the architecture of the application and its communication
with the device’s operating system is divided. Apache Cordova creates a directory structure
that will house the application files.
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2.2.2. Database Selection

There are various possibilities and technologies that allow developers to add a database
to a mobile application. The best option is a relational database manager because it provides
persistence to the application’s data in such a way that it will keep the information that is
added when you stop using it and will recover it when you want to access it again.

In this work, a centralized open-source database was chosen, MariaDB [38], which has
the characteristics of MySQL [39], and in addition, the information generated in the system
is stored in it. It will receive the queries generated by the application and send a packet
with the corresponding information as a response.

In this way, all users operate on the same data, being able to consult in real time the
data that other users have been able to modify. Figure 3 shows the entity/relationship
diagram using a flowchart [40] in which the relationships and interactions between the
entities involved in the process are observed.
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As can be seen, the resources that are part of the process have also been defined:

• Works/projects carried out by construction companies.
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• CDW containers where the waste is stored and transported. They are the key to
carrying out the traceability of CDW, since the waste will be identified by the identifier
of the container in which it is stored.

• Container movements, that is, exchanges of waste containers that occur at the con-
struction site. There are two types: deposit of container or collection of container. Each
of them records different information in the system.

Four types of users or roles involved in the management of CDW, as based on the
results of Section 2.1, have been defined in the system:

• Construction company: registers the construction sites or projects in the system and
provides the information related to them. The construction company can also select the
CDW manager who is going to carry out the waste management of the work, provided
the manager is already registered in the system. In addition, if the site manager is
already known, the construction company role can select and assign the site manager
at this point (if there they are registered and available, i.e., they are not assigned to
any other site).

• Site manager: who should be an employee of the construction company and is in
charge of supervising the CDW management of the work.

• CDW managers or recycling plant: they can consult the information concerning the
projects that have been assigned to them by the construction companies. They can
register and consult the movements of the containers.

• Drivers of CDW trucks: they transport the waste to an authorized plant and they
record in the system the movements of containers that occur in the construction sites.

Each of the users registered in the system must be classified in one of these roles, and
their activity within the system will be restricted according to what is established in their
role.

2.2.3. Functionality and Connection with Database

JavaScript [32] has been used to provide functionality to the different elements of the
application, such as buttons and drop-down menus, to prepare calls to the database and to
use the local storage of the phone’s browser. JavaScript has a series of methods grouped
under the name of Ajax [41] that are included in the JQuery [42] library, which allows
information to be exchanged with a server through asynchronous HTTP requests.

The data transfer between client and server was encapsulated in the JSON [43] format
to ensure effective communication between them. Version 2.2.4 of JQuery has been used to
enable the use of Ajax methods to encapsulate HTTP requests to the database and version
1.4.5 of JQuery mobile to add some animation effects, such as transition effects during
navigation through the application screens.

The information generated in the system is stored in a centralized database so that
all users operate on the same data, being able to consult in real time the data that other
users may have modified. To manage the database, the server language PHP [44] has been
used, which is very suitable for managing databases in web development. These files are
executed on the server and attend the HTTP requests generated by the client to perform
CRUD operations on the data. In case the client wants to obtain data, it is encapsulated in
the JSON format by the server before sending the response.

2.2.4. Data Display Platform Development

The procedure was as follows:

1. The WebApp was developed, which is the www directory in which the application’s
HTML, CSS, and JavaScript files are located. It includes a global configuration file,
config.xml, to configure certain global application parameters that are independent
of the operating system, such as the name of the app and the description of the
application that will be displayed on the application marketplace, for example, in
the Play Store for Android. In addition, it allows developers to set some preferences,
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such as the orientation with which the application should be displayed during its
execution, the background color, and the appearance of the loading screen before the
application starts.

2. It was encapsulated in the platform using its framework, a directory that stores folders
oriented toward the encapsulation of the application. This code is generated in the
native language of the platform, Java for Android.

3. The plugins were added. A directory in which the source files of the installed Cordova
plugins are stored and which are necessary to access the phone’s native functionalities.

4. The WebView (the rendering engine that Apache Cordova uses to view the application
on mobile devices) was implemented so that some CSS styles do not vary. For this,
the webkit for Android was used.

5. Java 1.8.0, Android SDK Tools 26.1.1 [45] and Android SDK Platform-Tools 25.0.1 [46]
were also used. In this way, the mobile app can be installed and used on most of the
available mobile platforms.

2.3. App Testing and Validation

The third stage of the methodology (Figure 1) consisted of the validation of the
developed app. For this, a first testing was conducted by the authors in order to test the
performance, fix potential bugs, and improve operation.

Later, the app was presented to different construction agents (one construction com-
pany, seven site managers, and two truck drivers/waste managers), who tested and ac-
cessed the app considering their role. Ten construction agents were contacted in Madrid
based on their experience regarding CDW management and their willingness to test the
developed app. The contributions that the users of the application can make in this phase
are very valuable. They belong to the group of users, so their opinions and proposals for
improvement must be taken into account. In addition, they are people who have been
completely unrelated to the development of the software, so it is possible that they will
find a bug or vulnerability that the developers have overlooked.

In this phase, personal one-to-one interviews were conducted with the ten users. The
interviews consisted of two parts. First, the users were trained regarding the use of the app,
and then the following open-ended questions were asked in order to obtain their feedback:

• In your opinion, what are the strengths of the app? Was it easy to use?
• What are the limitations of the app? Would you add any other functionality? How do

you think we could improve the app?

The answers were collected and the strengths and limitations were identified, dis-
cussed, and further analyzed, and their feedback will be taken into account in successive
life cycles of the software.

3. Results and Discussion

This section shows the results and discussion of the main findings reached for each
stage of the methodology.

3.1. Results of the Preliminary Analysis—Key Input and Output Data

Based on the results of the interviews, several problems that usually exist in the
management of CDW were highlighted by the respondents. The great amount of red
tape was highlighted by the environmental manager of the construction company, which
indicated that the amount of CDW generated is usually recorded manually.

Another limitation raised during the interviews was the great difficulty in estimating
the volume of CDW that will be produced on site, as there are multiple agents involved
in the process and it is difficult to carry out proper CDW traceability. This problem was
highlighted by both the construction company and the local authority.

Furthermore, the following agents were identified by the respondents as the most
directly related to CDW management and traceability:
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• Site managers, who are the site employees in charge of supervising the movement of
CDW containers on site.

• CDW managers or recycling plant, who are responsible for collecting, weighing, and
storing the CDW.

• Drivers of CDW trucks, who provide and/or remove the waste containers to the
construction site.

In addition, the input data and expected outcomes of the app were also asked about
during the interviews and were all collected. Figure 4 shows the needed information to be
incorporated into the app as well as the expected results for each construction agent.
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3.2. Operation of the App

The operation of the developed app is explained and detailed in the next sections.

3.2.1. Login and Registration

The app was developed so that on an initial page were the different agents managing
CDW are to be registered and to login. Each construction agent can access the app and
include information regarding CDW management, depending on their role: construction
company, CDW site manager, CDW waste manager, and CDW truck driver. The construc-
tion company and the waste managers must include their login details to access the system,
while the site managers and truck drivers must be previously registered in the system by
the construction company or the waste managers (Figure 5).
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Figure 5. Login and new registrations.

3.2.2. Construction Company: Information and Registration of a Construction Site

The construction company must enter the information related to the construction
site: location, name of construction site manager, name of the waste manager, type of
construction and project, estimated project duration, CDW containers, and CDW report
(Figure 6). There is a search tab for the list of construction sites assigned to the different
construction companies in the system. Each site will be identified by a unique code and
location. The general information of each site is shown and the data allows users to
consult the information related to the work. In addition, the construction company can
also generate a PDF report to have a detailed relation of the waste generated at a specific
construction site. However, this feature of the app is currently under development.
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3.2.3. Waste Manager: Register Waste Containers and Truck Drivers

The authorized manager must enter the information concerning the waste containers
into the application (Figure 7). To register a new container in the system, you must click on
the button located at the top right of the list of containers and introduce the required data:
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container code and volume (m3). This is a key step to identify the waste and carry out its
traceability.
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Figure 7. Register a waste container.

Waste managers must also register authorized truck drivers to collect CDW containers
(Figure 8). The CDW truck drivers, once registered by the waste manager, must register
the movement of the containers produced at the construction sites. To register a new CDW
truck driver in the system, you must click on the button located at the top right of the list of
drivers and introduce the required data: name, surname, email, and password. To consult
the list of registered drivers, waste managers must go to the main screen, display the menu
on the left, and click ‘CDW truck drivers’.
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3.2.4. Truck Driver: Collect/Deposit a Container to/from the Construction Site

The driver must deposit an empty container at the construction site and register it
in the application by entering the container code, site and date on which the deposit is
made. If the driver collects a container full of waste from the construction site, it should
be also registered in the app. For this, you must click on the ‘Pick up container’ button
and complete the information related to the construction site code, the container code, and
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choosing the predominant type of CDW based on the list displayed. Once these data have
been entered, changes must be saved using the ‘Save changes’ button (Figure 9).
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3.2.5. Waste Manager: Receiving the Container at the Plant

The CDW truck driver takes the container to the installation of the waste manager
and the weight of the container is recorded. In order to complete the traceability of the
waste in the system, the waste manager incorporates the data concerning the weight into
the app. To do this, the waste manager needs to login and scroll to the bottom of the screen,
Figure 10, where the site/project information is shown. This table shows information about
the container’s movements, such as the container code, the date of deposit/return at/from
the site, etc. The weight can be incorporated by clicking the ‘Weight’ button located on the
right side of the table.
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3.3. Strengths and Limitations of the Proposed App

From the conducted interviews, the five strengths shown in Figure 11 were highlighted.
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All the interviewees agreed that the developed app can help waste managers and
construction companies to meet the requirements of the current regulations regarding CDW
management. For instance, CDW managers have access to the CDW containers’ movements
and therefore are able to monitor what occurs during the waste logistics, speeding up
the process, and construction companies can access the list of their construction sites to
supervise CDW management. In addition, construction companies will have a record of
the amount of CDW generated in each of their projects and the amount of waste generated
per construction activity, and therefore, they will have the needed data to obtain their own
CDW generation ratios to develop the future documents ‘CDW Report’ and ‘CDW Plan’
established by the law.

The interviewees pointed out the following benefits of the proposed mobile application
(Figure 11):

• Optimization of the companies’ organization was highlighted by 80% of the respon-
dents, the construction company, and site managers.

• Better coordination between the different agents involved in CDW management, pro-
moting a collaborative working method, was highlighted by 90% of the respondents.

• Real-time information, knowing at all times the place where the waste is generated
and what is its final destination, thus guaranteeing a complete traceability and offering
information on a map. This was raised by 70% of the respondents.

• Save time by storing all project information, waste quantities and their management
in a safe place to have instant access whenever and wherever you want, which was
highlighted by 80% of the users.

• Adaptation to national waste management regulations was raised by all the respondents.

Furthermore, the interviewees also detected several limitations or improvements and
additional functionalities that would complete the operation of the current application. For
example, three site managers recommended the possibility of using the app offline, without
an internet connection. This was raised because in some locations of the worksite, it was
difficult to reach the internet connection, especially in underground floors. This could be
enabled by including a local database installed together with the application, and the data
stored in the system could be accessed without an internet connection. This would allow
the user of the application to be able to work offline.

Two interviewees, a truck driver and the construction company, suggested being able
to upload a picture of the container once the truck driver removes it from the site, which
would be perfect visual proof of the waste, providing veracity to the information that
the driver is registering and avoiding fraud in CDW management. This image could be
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available for construction companies, waste managers, and drivers, and it could appear in
the table of container movements (Figure 11).

Other recommendations raised by the respondents were ‘using push notifications’ to
notify users about new events or information. For instance, to notify the site manager that
the truck driver has arrived and taken a container with specific characteristics, or notify
the site manager when the container reaches the waste management plant and include the
weight in the app. Finally, the use of QR codes in the containers was a measure proposed
by the truck drivers and site manager. This way, the truck driver will be able to scan the QR
code and directly complete the type of container, volume, etc., without needing to complete
it in the app. This will help to improve the recording of each container’s movement and
speed up the process.

Finally, despite previous research works having claimed the difficulties of users’
participation and engagement in app implementation [47], no comments were received
about this issue. Therefore, further research and exploration could be performed in this
way.

4. Conclusions

The following conclusions can be drawn from this study:

• A mobile technology applied directly to manage the waste generated in the construc-
tion sector was developed and can be used by construction companies, site managers,
waste truck drivers, and waste disposal companies for the traceability of CDW follow-
ing a collaborative working method.

• The mobile application will favor the adequate environmental management of CDW
and will contribute to sustainability since it traces CDW generation and reduces the
problems currently associated with the red tape of both public and private construction
works.

• Local governments can also benefit from the app as they can control CDW generation
in their area, facilitating the monitoring of waste disposal to avoid the use of non-
controlled landfills that harm the environment.

• With the development of this application, the objectives set have been achieved and
the construction agents will be able to speed up the current red tape to carry out CDW
management.

• Finally, some limitations were also found from the work performed, which could improve
the developed technology, such as the possibility of using the app offline—without an
internet connection—or the use of QR codes in the containers to improve the recording
of each container’s movement and speed up the process. In addition, future in-depth
analyses should be performed to explore the user’s participation and engagement in the
use of apps for building construction, considering different workers’ profiles, such as
prior work experience, education or age.
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