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Work in progress: Integrating sustainability assessment at the
planning phase in capstone design projects

Abstract

This work-in-progress paper will discuss an initiative to better integrate concepts of
sustainability in upper-year engineering design courses, including 4th-year capstone design
course. Sustainability encompasses diverse concepts such as environmental, social, and
economic sustainability dimensions, the United Nations Sustainable Development Goals (UN
SDGs), and circularity principles. The range of sustainability representations adds complexity for
educators wishing to define sustainability knowledge and values. Programs often face challenges
in selecting appropriate content and approaches to integrate sustainability in programs that are
already content heavy and subject to strict accreditation requirements. Moreover, instructors may
not feel adequately prepared with knowledge and tools to discuss and assess the factual and
value-based dimensions of sustainability in their teaching. In the context of engineering design,
sustainability should be an integral part of the entire design cycle and anchored as one of the
main objectives of the product — from its planning phase up to and including the end of life of the
product. To understand how sustainability is currently included (or not) across capstone design
courses, the authors have conducted semi-structured interviews with instructors to obtain an
environmental scan of sustainability concepts taught in capstone design courses across programs.
Based on the results of these interviews, the authors have identified and adapted two existing
tools that can be easily integrated in the existing course delivery for the analysis of sustainability
in the design cycle. Both tools provide ways to semi-quantitatively assess the initial design based
on a list of criteria describing sustainability. This paper will provide an overview of the results
from the instructor interviews, discuss why these two tools were selected, and how the two tools
were adapted and integrated in third and fourth year design courses in two Engineering programs
at the University of Waterloo.

1. Introduction
Sustainability is a broad term that can refer to a wide range of concepts, including
environmental, social, and economic sustainability dimensions, United Nations Sustainable
Development Goals (UN SDGSs), and circularity principles or life cycle thinking, among others.
It has been a topic of discussion in multiple contexts and disciplines, including politics,
engineering, economics, and policy-making - since the 1990s. The growing importance of
sustainability is also associated with the development of technologies aimed at addressing
complex societal problems and transitioning to a more sustainable future.

The range of sustainability representations adds complexity for educators wishing to define
sustainability knowledge and values (Nickel, et al. 2021), underscoring the need for resources
and tools to support them. Efforts to integrate sustainability into curricula can take many forms,
including the creation of dedicated courses, the integration of sustainability in existing
disciplinary courses, or establishing specialized sustainability credentials (Thirer et al, 2018).
One example is the Engineering for One Planet initiative (https://engineeringforoneplanet.org/)
which provides resources, grants and support and represents a step forward to address gaps in
sustainability education. The success of such initiatives will be influenced by the instructors’
comfort level with sustainability concepts and their ability to engage students in a meaningful



way. Research highlights a strong relationship between instructors’ beliefs about sustainability
and the significance of the integration of sustainability in classroom instruction (Brown et al,
2014). For example, instructors’ expectations about sustainability concepts had a major impact
on the sustainability content in 43 senior capstone design projects of civil engineering programs
at two different institutions (Dancz et al, 2017). While some resources exist, programs may face
challenges in selecting appropriate content and approaches to integrate sustainability in programs
that are already content heavy and subject to strict accreditation requirements and instructors
may not feel adequately prepared with knowledge and tools to discuss and assess the factual and
value-based dimensions of sustainability in their teaching (Thurer et al, 2018).

Sustainability has an essential role in engineering design and should be considered throughout
the entire design cycle, from the planning stage, where it is established as one of the main
objectives of the product, up to and including the end of life of the product. A recent study
analyzed the sustainability content of ninety-eight engineering capstone design projects across
six engineering disciplines (Alhawamdeh et al, 2024). The analysis was based on a rubric with
eight specific criteria including content, dimensions, cognitive levels, relationships, quantitative
or qualitative representation of sustainability. The study found that the economic dimension of
sustainability was the most common, while the environmental and social dimensions were not as
prominent. Additionally, the relative presence of sustainability dimensions varied across
programs. Other differences across programs related to the quantitative and qualitative tools and
the cognitive level of the sustainability components contained in the projects.

Sustainability is an important element in the accreditation of engineering undergraduate
programs. In Canada, the Canadian Engineering Accreditation Board (CEAB) requires that
institutions demonstrate that their graduates can analyze societal and environmental aspects of
engineering design activities. Another requirement is that Engineering curricula must incorporate
engineering design content that considers sustainability in design constraints and solutions, along
with complementary studies content related to the impact of technology and/or engineering on
society and sustainable development and environmental stewardship (Engineers Canada, 2023).

These studies and accreditation requirements support the need to establish best practices for the
integration of sustainability in engineering capstone design projects. This paper reports on an
ongoing project that aims to operationalize the integration of sustainability in engineering design
education, firmly grounded in the disciplinary and institutional needs and context of the
educators.

1.1. Scope and aims
The Faculty of Engineering at the University of Waterloo offers 14 engineering undergraduate
co-op programs. Each program includes a senior capstone design course taking place over two to
three terms (12 weeks each term) with an average student enrolment of 100 students but that can
range from as low as 50 students to more than 300 students. Each course has designated
instructors that act as coordinators. The course organization, application of the design cycle and
deliverables vary widely across programs. Most courses have scheduled contact hours with the
class but few — or no — structured lectures. Some courses will include workshops (mandatory or
optional). All courses have a design symposium open to the public where students present their
designed solution with a poster and physical and/or digital demonstrations (as applicable).



Students self-select their team members (typically three to five students), project topic based on
their interest, and typically a faculty advisor with expertise in the project topic. All projects
include project ideation and scoping, assessment of user needs, solution generation, selection and
iteration. The time given to each phase and feasibility and expectations regarding a physical
prototype differ depending on the engineering discipline. For example, a physical prototype is
common in Mechanical Engineering and Biomedical Engineering while in other disciplines (e.g.,
Civil Engineering and Chemical Engineering), the design artifact may take the form of a model
representation.

This study was initiated to identify best practices, tools, and resources for including sustainable
design practices in each phase of the engineering design cycle in capstone design courses. This
work-in-progress paper will report on the results of the first two stages of this project:
1. Anenvironmental scan of methods currently used in the Faculty of Engineering at the
University of Waterloo and elsewhere (Section 2).
2. A curation (and adaptation) of methods into an open-access toolkit tailored to capstone
design instructors at the University of Waterloo (Section 3).

2. Environmental Scan
2.1. Approach
To perform an environmental scan of methods used in the Faculty of Engineering at the
University of Waterloo, 1-2 members of the research team conducted semi-structured interviews
with capstone design instructors from across the Faculty. The research team aimed to understand:
1. The degree to which capstone design courses incorporate principles of sustainability
2. Whether individual instructors utilize approaches to incorporating sustainability that can
be shared with other capstone instructors
3. The extent to which additional instruction on sustainability can be integrated into
capstone design courses

The interviews took place in the fall of 2023 and the winter of 2024, and so the 2023-2024
capstone course offerings were the subject of discussion, though older offerings came up several
times as course changes were discussed by the interviewees. The interviews were typically 45
minutes long and included 9 questions (some with multiple parts). The first question in the
interview prompted the instructors to provide an overview of the structure of their capstone
design course before transitioning to a targeted discussion on sustainability in that discipline.
These latter questions asked the instructor how they define sustainability, the relative importance
of the topic in their discipline, and how the instructor had (or hadn’t) learned about
sustainability. From there, the instructor was asked a series of questions to better understand how
sustainability training was (or was not) currently being provided to their students, and to what
extent students were incorporating sustainability in their capstone design projects, and how. This
was useful to capture methods that might be shared with other capstone instructors, as well as to
appraise the strengths, weaknesses, and opportunities for improving the instruction of
sustainability in the course/program. This interview protocol was approved by the University of
Waterloo ethics review board.

2.2 Findings



In total, 11 engineering capstone design instructors were interviewed (representing 12 out of the
14 engineering programs offered at the University of Waterloo). All capstone design courses
described in this paper are two-term courses in the fourth year of their respective program,
though four of the programs have a design course in the second term of third year where the
capstone design projects are initiated. These third-year pre-capstone design courses include
regular lectures on design and typically require students to form their capstone team and identify
a shortlist of project topics (in one case, the students are expected to have their project chosen by
the end of third year). For most programs, these third-year courses are the last opportunity to
deliver lectures on design. Table 1 summarizes the format of the capstone design courses, as well
as any sustainability-related content, for each program.

Table 1: Capstone design courses format and sustainability content and assessment, by program

Format of senior capstone design Sustainability content
courses
Few No formal Prior formal
No Modules/workshops | instruction Lectureon Assessment . .
Program | |ectures (<6) (<5) on sustain. of sustain. |nstruct|9n
(P) lectures sustain. on sustain.
P1 v v
P2 v v v v 4
P3 v v v v
P4 v v v 4
P5 v v v
P6 v v v v v
P7 v v 4
P8 v v v v v
P9 v v v v
P10 v v v v
P11 v v v 4 4
P12 v v v

Of the 12 programs surveyed in this research, six have no lectures of any kind in fourth year; the
remainder have fewer than six designated lectures, all of which are in the first term of fourth
year; and seven programs include a limited number of modules/workshops on specific topics
(typically fewer than five). The primary means of instruction in these courses is mentorship,
informal advice, or feedback to student teams through assessment(s). Across all 12 programs, the
primary means of assessment are written reports and formal presentations by the student teams,
most frequently at the middle, and end of each term, though regular meetings in between these
major milestones are not uncommon.

Three of the 12 programs surveyed include at least one lecture/module on sustainability in the
capstone course, the other nine programs include no formal instruction on sustainability in either
of the two terms in fourth year. Ten of the 12 programs include sustainability as part of at least
one of the assessments in the course. In these cases, it is typically included as part of the



evaluation of the impact of the project (CEAB Graduate Attribute #9 — Impact on society and the
environment), and so is combined with topics like project safety, adherence to regulations,
ethics, or health. This means that in many cases, the three dimensions of sustainability
(environment, economic, social) carry only minimal weight in assessments. Only two of the
programs surveyed in this research expect significant attention to be paid to sustainability by the
capstone teams. Six out of the 12 programs include prior formal instruction on sustainability to
their students. There is no prior formal instruction for the remaining six programs.

Interestingly, the course instructors often had quite different views of what “sustainability”
meant and what sustainability frameworks were incorporated in the context of their discipline, as
summarized in Table 2.

Table 2: Views on sustainability and its operationalization, by program

What does “sustainability” mean | What sustainability frameworks are incorporated in
in your discipline? your discipline?
Program | Environ- . . UN Sustainability Susta.ina?bility Life-
Social Economic Other . . building cycle Other

(P) ment SDGs  dimensions standards TG
P1 v v
P2 v v v v
P3 v v 4 4
P4 v v 4 4
P5 v v 4
P6 v v v
P7 v 4 4
P8 v 4 4 4
P9 v 4 4
P10 v 4 4
P11 v v v 4 4 4 4
P12 v v 4 4 4

In two cases, the three dimensions of sustainability were mentioned specifically. In one other
interview, two dimensions of sustainability were specified while in five other interviews, just one
of the three dimensions was mentioned. In the three programs where projects were
predominantly (or entirely) software in nature and/or where projects have an emphasis on human
wellbeing, social concerns were typically emphasized over environment or economy. Two other
instructors viewed sustainability purely through the lens of environmental sustainability. When
asked to comment on the perceived gaps in student training on sustainability, three instructors
mentioned economic sustainability as an area which could be improved on, three instructors
specifically mentioned systems thinking was an area for additional development, one mentioned
social sustainability, one mentioned environmental sustainability, and two mentioned their
students would benefit from more instruction on sustainability, broadly, early in the curriculum.



When asked what frameworks are used to incorporate sustainability in the course, the UN
Sustainable Development Goals came up most frequently (seven programs), followed by the
three dimensions approach to sustainability (five programs), life cycle thinking (three programs)
and sustainable building standards (e.g. LEED, passive house, Rick Hansen accessibility
analysis) (two programs). The other frameworks were only mentioned by one program and
included the Canadian Engineering Grand Challenges, design for reusability/recyclability, and
embodied energy. The program that incorporated design for reusability/recyclability includes it
as part of a department-level initiative to collect useful components/materials at the end of the
capstone project for future offerings of the course. This is an interesting example of circularity
within the department (which houses two engineering programs) but had challenges in
implementation (e.g., components were often returned damaged, recycling levels vary team to
team and year to year). Reference to the UN SDGs in capstone projects was driven by the course
instructor in some programs, and by the students in others; but in most cases it was catalyzed by
the recent creation of a faculty-wide capstone competition that rewards sustainability based on
the UN SDGs content of the projects.

3. An open-access toolkit for sustainability instruction in capstone design courses

3.1 Modification of two instructional tools

3.1.1 Requirements
The results from interviews with instructors provided some insight into potential tools for
incorporating sustainability in capstone design projects. These interviews also directly informed
the requirements for an open-access toolkit to facilitate the integration of sustainability
considerations in capstone design projects. The instructor interviews revealed that most students
had received little to no instruction in sustainability prior to the capstone design course. Even in
cases when students may have received some prior training, it may have been focused only on
one of the sustainability dimensions (e.g., environment), revealing a need for a broader training
that include other aspects of sustainability in the curriculum. In other cases, the tools provided to
students were highly discipline-specific (e.g., the Rick Hansen Foundation Accessibility
Certification for buildings) and so were not appropriate to share with instructors in other
disciplines.

Additionally, as the capstone design projects in each program move at different paces across two
to three academic terms, tools need to be flexible in how — and when — they are deployed in the
design process. Ideally, the identified tools would be flexible enough to be used as teams identify
suitable problems for their capstone project, complete their initial conceptual designs, refine their
detailed designs, or reflect on their project outcomes.

Finally, instructors also expressed that there was little to no time to add additional instruction on
sustainability once the capstone course started, and the instructors were generally uncomfortable
or unaware of one or more of the three dimensions, making their inclusion in the course
challenging.

Clearly then, to achieve maximum buy-in in the Faculty of Engineering at the University of
Waterloo, the ideal tool(s) would:

- be easy to understand (for students and instructors),

- assist with the incorporation of all three dimensions of sustainability,



- be flexible in when and how they are applied in the design process, and
- be flexible in application across widely divergent engineering domains.

3.1.2 Tool(s) description
Once several instructor interviews had been completed, and the authors had a rough outline of
the requirements for desirable sustainability tools, a recently graduated PhD student was hired as
a research assistant (RA) to scan the available literature and identify potential tool options. This
search was conducted during the winter and spring of 2024 and ultimately identified several tools
which were viable options to pursue further. Through a series of meetings with the project team,
the RA experimented with the tools, generated a summary of their strengths and weaknesses,
including where in the design process they were best suited for. This search identified several
possible tools that were ultimately not pursued by the project team, including the Product
Sustainability Index (ProdSl) (Shuaib et al. 2014), the Sustainability Compliance Index (SCI),
Hallstedt, 2017), and the Method for Sustainable Product Development (MSPD) (Byggeth et al,
2007). Driven by the criteria listed in the previous section, the project team ultimately selected
two options to pursue in detail: Green Project Management (GPM) and The Circular Pathway
(TCP). Each tool provides a distinct representation of sustainability and consists of an Excel
worksheet format.

The Green Project Management (GPM) tool is based on the triple bottom line: people, planet,
and prosperity. It was developed for project managers to assist with the review and analysis of
the activities of the project and to identify ways to mitigate negative impacts of the project. Each
component of the triple bottom line is articulated in categories, sub-categories and elements. The
relevance and potential impact of each element is to be examined and described with potential
response if relevant to the project. The circular pathway tool (TCP) is an educational tool based
on the value chain of a product, examining material selection and product and component design,
use, reuse, repair, recycle, recovery and end of life. It was developed at Maastricht University
and used with students in the business engineering program. Its goal is to expose students to the
complexity, linearity and the importance of systematic change across the value chain of a
product. In our research, both tools were simplified to align with the needs of the design process
of the program.

3.1.3 Maodification process

The TCP tool includes 6 Excel worksheets for students to work through:

e Brief of requirements — summarize project details, requirements, context, etc.

e Value chain analysis — analyse the input materials and end of life recovery of materials
used in the project
Linearity analysis — analyse the circularity of material inputs and end of life recovery
Brainstorm — create “visions” for improving areas with low circularity scores
Creation of visions — update circularity scores for iterations identified in “visions”

e Scenarios — compare different visions to select one to pursue
These multiple worksheets assist students with the analysis of circularity as a standalone tool for
iterating on a design to improve its circularity, however, in the context of the capstone design
courses described in this research, students will have completed many of these steps in other
assessments in the capstone design course. As a first modification then, the researchers isolated



the value chain analysis and linearity analysis for further testing and refinement. To iterate
further on the TCP tool, an undergraduate student was asked to apply the tool to a course design
project that they completed in their prior term. Through this testing, the tool was further
simplified to streamline its use by students. This included removing references to product retail
packaging, removal of discussion of logistics (e.g. transportation) that were outside the scope of
the capstone design courses, as well as simplifying the columns on product reuse to be clearer to
students with limited knowledge.

The GPM tool has a similar excel worksheet format for students to work through:
e Instructions — provide information on the use of the excel worksheets
e Examples — illustrate the use of the tool
e People input tab— analyze the project according to categories and elements related to
people, e.g., health and safety
e Planet input tab — analyze the project according to categories and elements related to
planet, e.g., GHG emissions
e Prosperity input tab — analyze the project according to categories and elements related to
prosperity, e.g., financial analysis
e Scoring — generate tables of the scores for each input tab
e Graphs — generate figures of the scores for each input tab
The purpose of the multiple worksheets is to assist students in applying the GPM tool as a
standalone tool for examining the sustainability of their design project. With this in mind, the
original tool, developed for organizations and their activities, was modified to align with the
needs of students and their capstone design projects. The most important modifications were
simplifications of the tool. The approval worksheet was removed, the scope of information
needed in the people, planet and prosperity input tabs was reduced and clarification for the
analysis of the project, problem statement and proposed solution of the capstone design project
was added.

3.2 Pilot implementation
In this section, we report briefly on some early implementations of the tools in two engineering
programs. These implementations inform our collective reflections on the tools which are
provided in Section 3.3.

Third-Year Design Course

The TCP (The Circular Pathway) tool was integrated into the sustainability analysis assignment
for a third-year engineering design course in Systems Design Engineering. The course focuses on
engineering analysis, the generation of alternative solutions, and prototyping. The course
includes lectures, and a term-long design project completed in small groups, developing hands-
on experience with electromechanical prototyping.

One of the project milestones was the sustainability analysis of the initial design before the
physical prototype phase. The sustainability analysis required the mapping of the initial design
against the UN SDGs. The key concepts of the modified TCP tool were presented in a workshop.
Students were then required to conduct the value chain and linearity analysis of their initial
design using the modified TCP tool. The students were encouraged to iterate their design choices
based on the outcomes of the sustainability analysis and before building their prototype. Groups



were asked to submit the analysis and a summary of the findings that led to their design
iterations. This assignment accounted for 10% of the course grade. Students were asked to
conduct a second sustainability analysis with the modified TCP tool, post-prototyping and
testing, identifying the changes that could have been made because of a lack of material or
access to fabrication method initially considered. The sustainability analysis included in the final
report accounted for 2% of the course grade.

Fourth-Year Capstone Design Course

The fourth-year capstone design course in Systems Design Engineering is split into two
consecutive courses over two terms. The first term focuses on needs analysis and formulation of
the design problem statement, and the building a low-fidelity prototype when feasible. It is in the
first term that students were introduced to the two tools in a lecture format. Students were asked
to complete and submit a sustainability analysis addressing the social, environmental, and
economic dimensions of sustainability. The social dimension included the impact on
stakeholders, community, and potential risks or benefits. The environmental and economic
dimensions included resource consumption, waste generation, cost implications, financial
sustainability, and economic benefits to the community. Students were encouraged to consider
how their design could be improved from a sustainability perspective for a final iteration before
prototyping. The sustainability analysis made up 3% of the course grade. The sustainability
analysis influenced the design choices made by the teams. For example, some teams adopted a
multi-component product such that some components could be modified rather than adopting a
single component product obtained by 3D printing. Other teams considered sustainability in the
material selection, e.g. wood rather than polymer materials. During the second term, teams
continued working on their project, building and testing the prototype while iterating the design.
Teams had to complete a sustainability analysis of their design by week 9, with the expectations
that one or two iterations had been completed. Teams were encouraged to use both tools but not
mandated. Teams submitted a final report and had to complete peer evaluations observing how to
how others approached sustainability in their project. The final report represented 12% of the
course grade.

Third-Year Pre-Capstone Design Course

The modified GPM tool was also piloted in a third-year “pre-capstone” course in the
Management Engineering program. The course was intended to provide broad instruction on
engineering design methods, focusing on the early stages of design, including need finding
(information gathering and synthesis), problem formulation, and conceptual design. The students
formed teams at the beginning of the term and using a divergent approach, they identified
potential needs, progressed through multiple milestones to converge into a need, from which
they formulated a suitable management engineering design problem. One week in the term was
dedicated to formal instruction on assessing the impact of engineering design projects.
Instruction included both a formal lecture that covered key sustainability concepts, as well as a
brief introduction to the modified GPM tool and a demonstration of its application in a previous
capstone design project. Students were then expected to use the modified GPM tool to conduct a
sustainability analysis of their design and submit a summary of the key findings. This activity
accounted for 10% of the course grade.

3.3. Evaluation of the Tools: Lessons Learned from Pilot Implementations



The comprehensive and systematic nature of the modified TCP and GPM tools offers benefits
and challenges for students and instructors which are detailed below.

3.3.1 Benefits

The modified TCP tool offers a systematic approach for assessing the sustainability of design
choices from the perspective of circularity and product life cycle. It encourages critical reflection
on environmental and economic impacts and helps students identify areas for improvement,
fostering a deeper understanding of life cycle and circularity principles.

The modified GPM tool is effective in providing a systematic and accessible means for students
to evaluate the impact of design projects on a broad series of sustainability factors. The task of
evaluating how each category and sub-category can be applied (or not) to the project encourages
students to critically reflect on the people, planet, and prosperity dimensions that their design
project (including both activities related to the project execution and its outcomes) might interact
with, and the nature of those interactions.

3.3.2 Challenges

Both tools require thoughtful reflection and significant time and effort for the students.
Therefore, instructors should align this effort in the assessment of the course, ensuring that the
time and efforts of the activity is reflected in the components of the overall grade of the course.
Instructors adopting these tools should also ensure that guidance is provided to address potential
challenges that students may be facing on various aspects of each tool:

The modified TCP tool is applied at each phase of the value chain during a design project.
Therefore, instructors adopting this tool should ensure that guidance is provided to address the
following potential challenges that students may be facing on various aspects of this activity:

e The potential ambiguity and misunderstanding by students of the different phases of the
value chain in the worksheets. Instructors need to provide clear guidance to assist
students navigate the complexities of the tool and make informed judgments relevant to
resource, use and end of life phase.

e The potential ambiguity and misunderstanding by students of the description of different
phases. Instructors should encourage students to refer to the detailed descriptions within
the TCP tool and accompanying resources.

e The ability of the students to accurately define and assess the impacts at each phase.

The application of the modified GPM tool in a design project is done across each category and
sub-category. Therefore, instructors adopting this tool should also ensure that guidance is
provided to address the following potential challenges that students may be facing on various
aspects of this activity:

e Supporting students in making their own judgements about whether a sub-category is
relevant or not, and whether an impact score needs to be provided. Making this
judgement can be difficult for some students who may hesitate to leave rows “blank”,
fearing mark deductions. Instructors need to provide guidance and reassurance to
encourage meaningful completion of the assessment.



e The potential ambiguity and misunderstanding by students of the description of the sub-
categories. Instructors should encourage students to refer to the accompanying report that
explains each category in more detail, as a “manual” for using the tool.

e The ability of students to define the various stages of their project and to identify the
relevant people, planet, and prosperity dimensions that can be impacted at each design
stage for the entirety of the design project, from the impact of the project that brings
about the design solution to the impact of the design solution itself once
implemented/delivered in its intended environment.

In summary, while these two tools scaffold student thinking of sustainability in the context of
engineering design projects, the sustainability analysis requires strong technical and critical
thinking skills to assess impacts, model scenarios, and develop sustainable solutions. Students
may need additional training and support in these areas.

4. Conclusion
In this paper, we have provided an overview of recent efforts in the Faculty of Engineering at the
University of Waterloo to more meaningfully integrate sustainability in engineering design
education. The project began by establishing a baseline understanding of how sustainability is
currently addressed across the Faculty’s 12 engineering programs. This was followed by an
environmental scan of existing sustainability tools and frameworks, which informed the
development and pilot implementation of two adapted tools: the modified TCP (The Circular
Pathway) and the modified GPM (Green Project Management) tools.

These tools provide a comprehensive framework for evaluating design projects’ impact along the
social, environmental and economic dimensions, equipping students with skills necessary to
develop sustainable designs. This holistic approach exposes students to sustainability principles
and is a pathway to promote sustainable design practices. By embedding TCP and GPM into the
curriculum, educational institutions can promote sustainability in the design activities. TCP tool
enables students to apply circularity principles, focusing on resource efficiency, waste reduction,
and the lifecycle of materials. On the other hand, the GPM tool emphasizes the importance of
environmental and social responsibility throughout the design lifecycle. The success in the
effective application of these tools will require access to background knowledge. Accurate and
objective data are crucial to avoid subjective assessments that undermine the sustainability
analysis. Ensuring that students have access to credible sources and are trained in critically
evaluating information is essential to effectively apply TCP and GPM. Next steps in this project
include further iterations in the tools’ design and the accompanying instructions provided to
students and more evaluation of instructors’ and students’ experience using the tools and impact
on design projects.
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