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Abstract

Higher education is increasingly emphasizing sustainable development due to the growing
awareness of environmental issues. Educators must be able to integrate sustainability
principles into teaching, inspire students to behave responsibly, and promote environmental
protection. In this article, we present an innovative approach through the secondary use of
recycled electronic components to reduce electronic waste and practically teach students
about sustainability. The project of making clocks from E-waste included stages from
design to testing, providing students with practical skills and emphasizing the importance
of recycling in technical education.

Keywords: environmental education; recycled materials; teacher training

1. Introduction
Recently, there has been an increasing emphasis on teaching sustainable development

in higher education. Growing awareness of environmental issues such as climate change,
air pollution, and biodiversity loss requires that future educators be informed about the
principles of sustainability. This includes theoretical knowledge and practical skills, and
the ability to integrate these principles into teaching [1–10]. Higher education educators
must be able to inspire their students to behave environmentally responsibly and support
initiatives that contribute to environmental protection.

Society is increasingly demanding sustainable solutions in various areas, including
education, which is leading educational faculties to integrate sustainability into their
curricula [11–15]. It is important to prepare educational faculty students for a future where
they need knowledge and skills for sustainable development. Educators play a key role in
shaping future generations, and they must be able to convey this important information in
the best possible way. Integrating sustainability into education also fosters creativity and
innovation, which can lead to new and effective teaching methods.

In this study, we focused on an innovative approach to this issue through the secondary
use of recycled materials, such as electronic components and printed circuit boards (PCBs),
which are removed from various electronic devices at the end of their life. Secondary use
of materials is important in terms of reducing E-waste [16–20] and teaching students about
sustainability and recycling.
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2. Theories and Methodology
Sustainable development is a concept that needs a balanced approach to economic

growth, social inclusion, and environmental protection. The theoretical foundations of
this concept include principles such as intergenerational justice, where the needs of the
present are met without compromising the ability of future generations to meet their needs.
Key concepts include the integration of environmental, economic, and social dimensions,
leading to long-term sustainability and resilience of systems. Integrating sustainable
development into educational programs is crucial to preparing future generations for
the challenges of global environmental and social problems. Education for sustainability
promotes critical thinking, awareness of global issues, and the ability to make informed
decisions. In this way, students learn the values and skills needed to promote sustainable
development in their communities and professional lives.

2.1. Creative Use of Recycled Electrical Materials in Student Project

For the experiment, necessary materials were prepared, such as recycled PCBs, epoxy
resin with hardener, a round silicone mold, and a purchased clock movement (Figure 1).
The PCBs were thoroughly cleaned and possibly cut into smaller pieces to fit the casting
mold (a diameter of 28 cm and a height of 5 cm). The round silicone casting mold was
cleaned and dried, and then the PCBs were arranged in the mold according to the design.
The epoxy resin (CB RESIN ECO, Component A) was mixed with the hardener (CB RESIN
ECO, Component B) according to the manufacturer’s instructions and mixed thoroughly.
The resin was slowly poured into the mold so that it evenly covered all the PCBs until no
air bubbles formed. A heat gun was used to remove the bubbles. The resin was allowed
to cure according to the manufacturer’s instructions, which took several hours to days
(curing time according to the manufacturer’s instructions was from 12 to 48 h). The clock
was removed from the mold. The surface was sanded with sandpaper to make it smooth.
A hole in the center of the clock was drilled for the clock movement, which was mounted
according to the manufacturer’s instructions. Finally, the hands were added and the time
was set. The last step was to introduce and present the unique clock made from recycled
PCBs to students and teachers.

 
Figure 1. Electronic waste and recycled PCB.
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At the beginning of the project, the students were previously presented with a gen-
eral diagram of the production process, which is based on the concept of the product life
cycle [21–25]. This cycle does not begin with production but with obtaining raw materi-
als and materials. It continues with their transportation, processing in production, and
packaging, and transportation and distribution of the final product. In most cases, the life
cycle ends with the disposal of the product at the end of its service life while the process
of manufacturing the clock begins with the sorting of electronic waste to obtain PCBs and
wash them (Figure 2).

Figure 2. Schematic diagram of manufacturing process of clock from recycled PCBs.

In addition to the training on work safety in the laboratory, the use of protective
equipment was necessary for students. Specifically, when making clocks from recycled
PCBs cast in epoxy resin, students need to use protective equipment. Protective gloves
protect students from chemicals and the sharp edges of PCBs, while safety glasses prevent
resin or dust from entering the students’ eyes. A respirator protects students’ respiratory
tract from resin fumes and dust from grinding. Protective clothing and an apron protect
students’ clothing from resin and dirt. A work mat or cover protects students’ work surface
from resin and makes clean-up easier. Ventilation or extraction is also important to ensure
sufficient ventilation of the area where students work with resin. Using this protective gear
protects students and helps them work safely and comfortably, leading to successful and
efficient lesson production.
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2.2. Description of Project Phases

Currently, the emphasis is on managing one-off work in the form of projects, even
in the school environment. Projects are a key element in the organization and planning
of school activities. They are short-term or long-term projects with various activities,
such as the development of new software, the creation of a new product, changes in the
organization of school events, and many others. The goal of school projects is to obtain
results at different times at varying degrees of involvement of students and teachers. Project
management is a strategy and philosophy that helps us achieve precisely defined goals
concerning time, cost, and quality.

A project is a set of activities leading to the achievement of a specific goal, which
has a beginning and an end. Everything is carried out within set and limited times.
Predetermined and limited resources are used in the entire project, coordinated by a team
of experts. There are different types of projects according to content or purpose. These are
projects related to construction, research and development, technological, or organizational.

The goal of a project is to achieve a desired goal at a certain cost (given budget),
within a certain time, and in precise execution. In professional terms, these parameters
that determine the achievement of the project goal are called the “Iron Triangle” (time,
cost, and scope) [26]. The key requirement that the “Iron Triangle” summarizes is the need
to achieve all three independent goals simultaneously. These three basic quantities are
interdependent, which leads to a change in the other two project quantities when changing
one of them. Project management usually consists of the following phases.

• The pre-production phase includes project planning and preparation, selection of
materials and technologies, including market analysis, concept development, and
product design, and preparation of production processes.

• The production phase includes prototype production and testing to verify the func-
tionality and quality of the product, and subsequent mass production according to the
specified specifications and based on approved documents.

• The post-production phase includes logistics, marketing, distribution, and sales after
production is completed.

• The project closure phase includes project closure, evaluation of results, and feedback
for future projects, including identification of areas for improvement.

A large part of the work with students was devoted to the pre-production of projects,
which was associated with a timetable and a breakdown of individual steps, operations, and
tasks that need to be completed with a given project at a certain stage. The pre-production
phase is a broad area of planning before entering the production phase of the project. In
the plan, a line chart, also known as a Gantt chart [27], is often used to present the logical
sequence of project activities. The lengths are proportional to the duration of the activity
they represent. Table 1 shows the detailed stages of the project of manufacturing watches
from recycled PCBs.
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Table 1. Process of making clocks with students in the context of project management.

Project Phase Description Application for Clock Production

Project initiation
Defining Goals To create a functional clock from recycled PCBs

Obtaining Approval Obtaining approval from the school management and teachers for
the implementation of the project

Project planning

Strategic Planning Using experience from previous projects and creating a detailed plan

Detailed Analysis Analyzing the required materials, time, costs, resources,
and technologies

Output Creating a detailed and binding plan for the production of the clock

Implementation

Material Preparation Prepare all the necessary materials, such as recycled PCBs, epoxy
resin with hardener, silicone mold, and clock movement

Cleaning Thoroughly clean the PCB and cut them into smaller pieces
if necessary

Resin Mixing Mix the epoxy resin with hardener according to the
manufacturer’s instructions

Resin Casting Slowly pour the resin into the mold so that it evenly covers all the
PCBs and does not create air bubbles

Bubble Removal Using a heat gun to remove bubbles

Monitoring and
control

Curing Control Monitoring the resin curing process according to the
manufacturer’s instructions

Quality Control Ensuring that the surface of the clock is smooth and free of defects

Project closure

Completing Removing the clock from the mold, sanding the surface, drilling the
hole for the clock movement, and assembling it

Presentation Presenting the finished clock to classmates and teachers

Evaluation Comparing the results with the original goals and obtaining feedback

2.3. Risk Management of Project

Risk management [28–31] is a key part of any project for student projects, such as
making a clock from recycled PCBs. Identifying and managing risks has several important
benefits. The first benefit is safety. Working with chemicals such as epoxy resin and
tools is dangerous. Identifying potential risks and managing them helps ensure a safe
working environment for students. Another benefit is the quality of the final product.
Risk management enables the prevention of problems that might affect the quality of
the clock. For example, improper mixing of resin or the formation of air bubbles leads
to defects in the product. The third benefit is efficiency and schedule. Identifying risks,
such as delays in individual production steps, leads to a better plan and coordinated
activities and a more efficient use of time and resources. Risk management also has
significant educational value. It teaches students important skills such as critical thinking,
planning, and problem-solving. These skills are valuable for this project and their future
careers. Finally, risk management increases the likelihood of successful project completion.
Preventing problems and resolving them promptly, the project is completed according to
plan and expectations. For these reasons, students need to learn to identify and manage
risks in their project to make a clock from recycled PCBs. This process increases the chances
of the project being successful and provides valuable experience and skills that will be
useful in their future professional lives.

A risk assessment matrix is useful for identifying and evaluating potential risks in a
project (Table 2).
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Table 2. Risk assessment matrix.

Risk Probability (P) Impact (I) P × I Category

Material quality 3 4 12 Medium
Incorrect resin ratio 2 2 10 Medium

Formation of air bubbles 4 3 12 Medium
Safety 25 10 Medium

Delays in production steps 3 4 12 Medium
Mold height 3 3 9 Low

Short curing time 2 4 8 Low
Movement of components during pouring 4 4 16 High

Problems with clock mechanism installation 3 4 12 Medium
Small hole for clock mechanism 2 3 6 Low
Large hole for clock mechanism 3 5 15 High

Clock hands moving in the wrong direction 1 5 5 Low

The first step was to identify all possible risks, such as material quality, incorrect resin
ratio, air bubbles, safety hazards, delays in individual production steps, mold height, short
cure time, component movement during pouring, problems with movement assembly,
incorrect size of the clock movement hole, and incorrect direction of clockwise rotation.

The second step was a risk assessment, where we rated each risk according to its
probability and impact on the project. We used a scale of 1–5, with 1 being the lowest
and 5 being the highest. Based on this assessment, we determined which risks were high,
medium, or low.

The third step was to create a risk matrix, where probability was on one axis and
impact on the other. We placed each risk in the matrix according to its rating, which helped
us visualize and better understand which risks were the most critical.

The fourth step was to create an action plan for risks with a high or medium rating.
This plan included specific steps to minimize or eliminate the risk, such as thoroughly
cleaning the PCBs, following precise resin mixing instructions, and using a heat gun to
remove air bubbles.

The risk category was determined based on the value we obtained by multiplying the
probability (P) and the impact (I) of each risk.

1. High category: If the PI value was 15 or higher, the risk was classified as high. These
risks have the greatest potential impact on the project and require the most attention
and action to minimize or eliminate them.

2. Medium category: If the PI value was between 10 and 14, the risk was classified as
medium. These risks are significant, but not as critical as risks in the high category.
However, they still require careful management and monitoring.

3. Low category: If the PI value was less than 10, the risk was classified as low. These
risks have less impact on the project and usually do not require as intensive action as
risks in the medium or high categories.

The competencies and experience of the teacher are important for the implementation
of risk analysis, and they complement their skills with knowledge in the field of quality
and project management (Figure 3).
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Figure 3. Competencies and experience of teacher.

3. Results and Discussion
Significant outcomes were obtained through the student project of making clocks

from recycled PCBs. The students successfully created functional clocks that not only met
aesthetic requirements but were also fully functional (Figure 4).

 

Figure 4. Functional clock made from recycled PCBs as a result of the project.
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Each student designed and produced unique clocks, which led to the creation of
diverse and creative products. The project results were evaluated based on several criteria,
including the quality of workmanship, functionality of the clocks, and aesthetic appearance.
The clocks were tested for accuracy and durability of materials. Most of the clocks met
expectations and were rated as high quality. The students also received feedback from
teachers and classmates, which helped them identify strengths and areas for improvement.

The project had wider impacts on teaching sustainability. Students learned how to
effectively use recycled materials and how to minimize waste. This project provided them
with practical experience with sustainable practices and showed how they can contribute
to protecting the environment. In addition, students learned important skills such as
planning, risk management, teamwork, communication, time management, financial anal-
ysis, occupational health and safety (OHS), legislation, and ISO 9001 [32] and ISO 14000
standards [33], which are key for their future careers.

4. Conclusions
The student project to make clocks from recycled PCBs produced significant outputs.

The students successfully created functional and aesthetically appealing clocks, resulting in
diverse and creative products. The project results were assessed based on workmanship,
functionality, and aesthetic appearance, with the majority of clocks meeting high standards.
The project had a wider impact on teaching sustainable development, as students learned
how to use recycled materials effectively. They also gained important skills in planning,
risk management, teamwork, communication, time management, financial analysis, health
and safety, legislation, and ISO 9001 and ISO 14000 standards.

The project contributed to the pedagogical development of students’ critical thinking
and practical skills. Students learned how to apply theoretical knowledge in practice,
which strengthened their ability to solve problems and adapt to new situations. The
project also promoted active learning and collaboration among students, which led to
better understanding and knowledge sharing. During the project, various challenges
were identified and addressed, such as material quality, resin mixing and casting, and
clockwork assembly. These challenges provided students with the opportunity to develop
project management and critical thinking skills. Despite these challenges, the students
completed the project and gained valuable experience that will help them in their further
education and professional lives. The project not only contributed to the development of the
students’ technical and practical skills but also strengthened their awareness of sustainable
development and environmental protection. Therefore, the project contributed to the
learning process and prepared the students for future challenges in their professional lives.
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