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Title: Fostering Environmental Stewardship Through Sustainability Learning
Projects in Civil and Environmental Engineering

Abstract: In the introductory undergraduate Environmental Engineering course, the instructor
implemented a project in the early 2000’s to provide an opportunity for students to perform
undergraduate research and present their findings. Over time, the project transitioned from a
research paper related to climate change to a life cycle analysis of a “green” solution to its
current focus: a literature review and a student-run experimentation of an implementable
sustainable practice at the US Coast Guard Academy (USCGA). The goal of this study is to
present an effective example of a curricular activity designed to enhance student interest in
sustainability within civil engineering and to promote behavior changes in the campus
community. A small student group is tasked with researching and creating a sustainable solution
to reduce an environmental impact at USCGA. The small group selects a sustainable practice of
their choosing related to one of the topics covered in the course: municipal solid waste, water
conservation, energy conservation, or an instructor-approved sustainable practice of their choice.
The student group must conduct research to determine and define the specific topic, create a
work cited and experimentation plan to test the effectiveness of their idea, provide an overview
presentation to source feedback from peers, address any safety issues that may arise during the
project, conduct an experiment, submit a final report and present their findings to
peers/instructors via a final presentation. The project in its current format was first completed by
students in their junior year in the Spring of 2019. Student-initiated projects range from a study
of water usage and a campaign to reduce water waste in the dorms to a study of food waste in the
Academy cafeteria which resulted in a partnership with the food services contract to better
understand student preferences resulting in less food waste to a project that worked with public
works to reduce fertilizer usage to protect groundwater. While students gained real-world
knowledge of sustainable practices, there is a potential for further improving the project by
addressing difficulties students faced in achieving their objectives. The implementation of this
project in 2019 has resulted in five years of students who better understand how to collect and
present data to create a positive environmental impact. In the process, the number of civil
engineering graduates who are more conscientious of the world around them has also increased.



The need to increase awareness of sustainability in civil engineering

The world is changing. Climate patterns significantly altered environmental conditions and has
disrupted the reliability of predicting future events [1], [2], [3], [4]. Traditional infrastructure is
more vulnerable to failure as the built environment copes to withstand the increase in both the
frequency and intensity of natural disasters and dynamic climatic conditions [5], [6]. The
importance of designing more holistic, adaptable and sustainable infrastructure systems that
consider environmental factors and ecological perspectives to address these challenges is even
more important today than it was in the past [2], [7]. This reality has become a recognized
concern within the civil engineering discipline and has been specifically addressed via several
ASCE publications including publications released by the ASCE Committee on Sustainability
and the 2021 Report Card for America’s Infrastructure. In the Stormwater section of the 2021
Report Card for America’s Infrastructure [8], for example, the report specifically states, “impacts
from climate change will have variable effects on the form and frequency of extreme events
across the nation” and the report goes on to discuss measures to make stormwater infrastructure
more resilient. Stormwater infrastructure, when designed with green infrastructure approaches
like nature-based solutions, low-impact development, and sponge cities, can significantly
enhance resilience by leveraging natural processes to manage runoff [9], [10], [11].

The adoption of sustainable practices in civil engineering presents significant environmental,
economic, and social benefits, including potential emission reductions, cost savings, and
improved community well-being. However, the implementation of sustainable practices can also
face challenges such as high initial costs, limited access to green materials, and lack of technical
expertise [12]. Advanced technologies and new green solutions can help overcome these barriers
by reducing material waste and enhancing the overall lifecycle sustainability but implementing
these technologies require engineers to be aware of the potential benefits or to, at least, ask
questions about potential sustainable alternatives.

Integrating sustainability into Civil Engineering education

The most efficient way to access future generations of engineers is through education. Knowing
that future engineers must be prepared for the global, societal, and environmental challenges on
the horizon, there is a growing recognition of the need to incorporate sustainability into civil
engineering education [13]. For civil engineering, accreditation bodies like ABET (Accreditation
Board for Engineering and Technology) and ASCE (American Society of Civil Engineers) are
increasing requirements for sustainability, reflecting the significance of sustainability to the field
of civil engineering [14]. More broadly, the incorporation of sustainability into general
engineering education has gained significant recognition from professional organizations and
influential individuals in the field of engineering with organizations like the National Academy
of Engineering (NAE) and the National Science Foundation (NSF). Further details on the
sustainability focus from each of these organizations is examined in the subsequent paragraphs:



Accreditation Board for Engineering and Technology (ABET)

ABET, the body that establishes standards for accrediting engineering programs, requires the
integration of contemporary issues such as sustainability in the curriculum [15]. The adoption of
these standards highlights the importance of equipping students with competencies related to
sustainability, including the ability to analyze and understand the environmental impact of
engineering decisions [16]. As a result, engineering programs are encouraged to incorporate
sustainability principles into the design, development, and assessment of engineering solutions
[16]. Furthermore, programs must demonstrate that students are gaining the knowledge and
skills necessary to understand the broader global impact of their work in a social and
environmental context [13].

American Society of Civil Engineers (ASCE)

ASCE has developed the "Civil Engineering Body of Knowledge," which defines the educational
foundation needed for earning a civil engineering degree [17]. This framework includes a focus
on sustainability as a key element in civil engineering practices, emphasizing the need for
programs to prepare students to address sustainability in their work [16]. ASCE encourages the
integration of sustainability competencies into civil engineering curricula, ensuring graduates are
prepared to apply sustainability principles throughout a project’s lifecycle [16]. Additionally,
ASCE's "Sustainability Framework" provides guidance for integrating sustainability across civil
engineering education [13].

The National Academy of Engineering (NAE)

The National Academy of Engineering (NAE) initiated the "Engineer of 2020" vision which
emphasizes the importance of sustainability in engineering education and practice [18]. This
initiative aims to prepare engineers for leadership roles in addressing pressing challenges such as
climate extreme events, water scarcity, energy transitions, and sustainable urban development.
The initiative serves as a foundation for shaping a new generation of engineers who are not only
technically skilled but also socially and environmentally conscious [18].

The National Science Foundation (NSF)

NSF-Lemelson Initiative on Environmental and Social Sustainability, a collaborative effort
between the National Science Foundation (NSF) and the Lemelson Foundation, is designed to
integrate sustainability principles into engineering education [19]. The initiative’s primary goal is
to prepare future engineers to contribute to a more livable and equitable planet by equipping
them with the knowledge and skills necessary to address environmental and social challenges in
their future careers [19]. Goals of this effort include fostering interdisciplinary skills, promoting
innovation, and ensuring that engineering solutions are environmentally responsible and socially
beneficial.



Beyond the U.S., the European Society for Engineering Education (SEFI) has a special interest
group on sustainability. The group focuses on using sustainability principles, competence, and
transformative mindsets as catalysts to create awareness, engagement, and action towards more
sustainable engineering education [20].

These initiatives reflect the growing recognition that future engineers need to be prepared to
address complex sustainability challenges and emphasize the importance of integrating
environmental and social sustainability topics into engineering curricula, fostering
interdisciplinary approaches, and cultivating the skills and mindsets necessary for sustainable
engineering practices. Adopting sustainability into a curriculum is not merely an addition to the
curriculum but rather a transformative force that reshapes how students, educators, and
institutions approach engineering. This shift fosters and encourages a more proactive and
engaged response to global challenges [18], [19], [20].

While integrating sustainability into civil engineering curricula is essential for preparing
graduates to meet the evolving challenges of the profession, there are barriers and varying levels
of current implementation. Faculty face numerous barriers to incorporating sustainability,
including rigid curricular structures, a lack of resources, and insufficient guidance or training in
effective integration methods [13], [14]. Thus, they often employ traditional teaching methods,
leading to insufficient integration of sustainability topics [13]. In addition, personal beliefs and
convictions of faculty members play a significant role in their willingness and ability to
incorporate sustainability into their teaching [14]. When components of sustainability are infused
into an undergraduate engineering curriculum, most sustainability focused content is taught
during the latter years of study, indicating a disconnect in exposure across undergraduate years
[13], [18].

Despite these challenges, incorporating sustainability into an engineering curriculum attracts
students. Students show significant enthusiasm for sustainability-related topics; however, they
frequently feel unprepared to address these issues in their academic pursuits [21]. Approximately
70% of the engineering students surveyed indicate a strong interest in sustainable development,
emphasizing the need to integrate more robust sustainability content into engineering curricula
[21].

Addressing this gap between student interest and preparedness requires pedagogical approaches
that move beyond theoretical exposure and instead engage students in applied, real-world
problem solving. Project-based learning (PBL) has become widely adopted in engineering
education over the past decade. Recent studies demonstrate that PBL improves student
engagement, conceptual retention, and professional skill development across multiple
engineering disciplines [22], [23]. In civil and environmental engineering specifically, PBL has
been shown to enhance systems thinking, sustainability awareness, and stakeholder
communication skills [24]. The present intervention builds on this growing body of evidence by



applying PBL within a sustainability-focused environmental engineering course and evaluating
its longitudinal evolution.

Research Objective:

In one environmental engineering course, professors sought to successfully incorporate a
sustainability activity that would enhance student interest in sustainability. This sustainability
project was first developed and implemented in the early 2000’s to provide an opportunity for
students to perform undergraduate research related to climate change and present their findings.
Over time, the project transitioned from a research paper related to climate change to a life cycle
analysis of a “green” solution to its current focus: a literature review and a student-run
experimentation of an implementable sustainable practice at USCGA. The aim of this student
project is to improve the outcome of undergraduate civil and environmental engineering
education by equipping future engineers with the knowledge and skills to meaningfully engage
with society and contribute to resilience in their professional engineering careers.

By publishing this work, the authors intend to present an effective example of a curricular
activity designed to enhance student interest in sustainability within civil engineering and hope
that this concept can serve as a resource for civil and environmental engineering faculty teaching
required undergraduate courses. The two primary objectives of this paper are: (1) to demonstrate
a practical method for integrating sustainability into civil and environmental engineering
curricula, and (2) to provide insights for other instructors, based on student feedback and
instructor observations, on best practices when adopting similar project-based learning activities.
The first objective will be addressed by detailing how the project is incorporated into the course,
describing the structure of the project, the associated assignments and deliverables, while the
second is accomplished by analyzing student work and feedback, and sharing concrete examples
of student projects that have implemented sustainability measures on campus.

Incorporating Project Based Learning

In the early 2000’s, the Civil and Environmental Engineering Department at USCGA sought to
incorporate sustainability into the curriculum. The Environmental Engineering course was
already incorporating a climate study topic which morphed into an individual effort research
paper related to climate change. Some students derived a lot from individual research and the
project did teach students how to conduct a literature review, but it was an academic exercise,
and the instructors found that the intent of sparking an interest in sustainability was not achieved.

In 2017, there were two course instructors assigned to teach one section each of the course. One
of the two instructors learned about the concept of PBL. Project-based learning is a teaching and
learning method where students must work together in teams as a project group to solve a real-
world project [24]. PBL begins with an assignment to carry out one or more tasks that lead to the
production of a final product where the culmination of the project is a report that summarizes the



procedure used to produce the end result [24]. The concept of PBL allows students the flexibility
to choose their own project formulations which increases their motivation [24]. Additionally, in
PBL, the end product is the central focus of the assignment, and the emphasis is on applying or
integrating previously acquired knowledge in arriving at the solution [24]. There are numerous
benefits to PBL including student development of nontechnical skills such as communication and
team work along with challenging students to solve open ended problems [25].

Using what was discovered about PBL, the climate change paper was modified to a life cycle
analysis of a “green” solution. Students prepared a written technical report including abstract,
literature review, discussion and conclusion. The group report required a team to compare a
traditional vs. a green engineering solution and explain why they found one to be better than the
other. This project gave the students more freedom to choose a topic that interested them, but
instructors found that they needed to provide more guidance for project. The freedom of choice
placed no limitations on the research topic that the student teams selected. While students liked
the ability to select a topic of interest to them, the freedom of selection resulted in some student
projects being too broad (power plant energy production vs. solar and wind energy) and some too
narrow (plastic vs glass food storage containers).

The current project - structure, associated assignments and deliverables

In 2019, the project was subsequently modified and has continued to improve based on feedback
and observations from both students and faculty over the next few years to its current form: a
literature review and a student-run experimentation of an implementable sustainable practice at
the Academy. The main objective of the project is to understand and create a sustainable solution
to reduce an environmental impact as a student at USCGA. The project is designed to encourage
collaborative exploration of sustainability practices within groups of three to four students. The
students are guided through their PBL experience and project milestones are structured across
the semester to ensure a systematic approach and continuous feedback.

Early in the semester, teams are required to submit a brief description of their selected topic
along with initial ideas for experimentation. This initial deliverable, which accounts for 5% of
the project grade, establishes the foundation for subsequent research and planning. Descriptions
of the PBL components of the project are listed in italics.

Select a sustainable practice. Each group selects a sustainable practice related to the topic of
municipal solid waste, water conservation, energy conservation, food, or another instructor-

approved sustainable practice.

Around the closeout of the first quarter of the semester, student teams provide the research topic
and reference list they plan to implement, contributing 10% to the overall grade. This deliverable



includes a draft literature review that demonstrates the relevance of their chosen topic and
contains a minimum of five scientific journal references.

Conduct research. After selecting a topic, each group conducts research to refine and clearly
define their specific focus. This stage involves developing a literature review that summarizes
studies relevant to their chosen area of research. Students are tasked to identify key studies that
are directly significant to their topic. They are instructed to incorporate a variety of sources such
as books, websites, and journal articles to ensure a focused and cohesive review. Students are
encouraged to prioritize depth and relevance rather than compiling a wide range of studies that

might not be closely connected. All sources must be properly cited, and a reference list must be
included.

The primary goal of this step is to provide a solid background on the topic, revealing what is
currently known while identifying gaps, inconsistencies, and debates in the existing body of
knowledge. This process not only demonstrates familiarity with the subject but also sets the stage
for the students' experimental work. To support this effort, students receive in-class instruction
on the step-by-step process of conducting a literature review. They also engage in practical
exercises, working through examples to build their skills in conducting a thorough and well-
structured review.

At the midpoint of the semester, students submit a comprehensive literature review and a
detailed experimentation plan, which together account for 20% of the project grade. The
experimentation plan will serve as the methods and materials section for the final report and
must include a standardized methodology for conducting the experiments. A rubric is provided to
the students and guides their submission. (Appendix A) Parallel to this submission, student
groups are required to deliver an overview presentation to their peers, aimed at soliciting
constructive feedback. This 5—7-minute multimedia presentation will summarize their topic
selection process, literature review, and experimentation plan. Feedback from this session will
help refine their project design. This presentation contributes 10% to the overall project grade.

Develop an experimentation plan. The next step of the project is to develop a final
experimentation plan aimed at evaluating the effectiveness of the proposed sustainable practice
within the context of the Academy. Throughout this process, students are required to address
potential safety concerns, including the need for personal protective equipment (PPE), as part of
their project design.

As part of the experimentation plan, students detail how they intend to investigate their chosen
topic, including the specific steps they will follow to conduct the experiment. This involves
outlining a clear, step-by-step procedure and explaining how these steps address the hypothesis
being tested. Students must identify and define the variables that will be manipulated and



measured during the experiment. They will also compile a list of all necessary materials and
equipment to ensure the experiment's successful execution.

Data collection plan. Students also develop a plan for analyzing the data collected, detailing how
the results will be interpreted to draw meaningful conclusions. The experimentation plan also
includes a discussion of potential sources of error that could affect the experiment and strategies
for addressing these issues to maintain accuracy and reliability. This comprehensive plan ensures
students are well-prepared to execute their experiments methodically and interpret their findings
effectively.

At the conclusion of the semester, students submit a final written report, which constitutes 30%
of the project grade. This comprehensive report includes an abstract, background information
outlining the purpose and theoretical basis, a detailed methods and materials section, and a
thorough presentation of data and results. Additionally, the report features an in-depth analysis
and discussion of findings, a conclusion with recommendations, and a properly formatted
reference list. Appendices are included as necessary.

With this final written submission, groups deliver a 15-minute multimedia presentation
summarizing their entire project. The presentations are given in class to their peers. Additionally,
all civil and environment engineering faculty and project stakeholders are invited to attend. This
presentation, accounting for 25% of the grade, will provide an opportunity to showcase the
progression of their work, from initial research to final analysis and recommendations. A
detailed rubric ensures the clarity and effectiveness of this presentation. (Appendix B)

Since this project’s inception, student-initiated project topics have ranged from a study of water
usage and a campaign to reduce water waste in the dorms to a study of food waste in the
Academy cafeteria which resulted in a partnership with the food services contract to better
understand student preferences resulting in less food waste to a project that worked with USCGA
Public Works to reduce fertilizer usage to protect groundwater. A sample of titles of the PBL
projects to date are listed in Table 2. A complete list of all projects can be found in Appendix C.

Table 1. Sample of student initiated PBL projects 2019-2024



Year | Project title Problem Statement
2019 Reduction of plastic water | Every time a student is put on lunch excusal, the dining facility
bottles in lunch excusals automatically send plastic water bottles. Can we eliminate this?
2020 Green Gyms: Exercise What are the possible green energy sources for our fitness center?
equals energy
Grass alternatives on To maintain the green space on campus, public works uses fertilizers
2022 which end up in the watershed. Where on campus would be good
campus . .
locations for grass alternatives?
Determine the most environmentally friendly method of green
chemistry that the Chemistry Department switch to, while still being
2023 | Green Chemistry able to properly educate students. Examine how waste prevention
techniques suggested in literature, namely alteration of lab methods,
can decrease the waste generated by academic labs.
. Food waste from student plates is not effectively managed,
2024 Up-cycling of food waste contributing to increased solid waste from the Academy.

Over the five years of implementation (2019-2024), the project evolved in response to student
feedback, instructor observations, and stakeholder interactions. Table 2 summarizes the primary
challenges identified in each iteration, the modifications implemented, and the resulting
improvements.

Table 2. Iterative Refinement of the Sustainability PBL Project (2019-2024)

Year | Major Challenge Identified Evidence Source Adjustment Made Outcome
Centralized Improved stakeholder
2019 Stakeholder overload (Public Instructor communication coordination
Works inundated with requests) | observation through one student
liaison
Students overwhelmed by open- | Student AQded structured . Imp.r oved midterm
2019 ended scope comments milestones and rubric clarity
p (Appendix A)
) Required minimum 5 More focused
2020 | Topic scope too broad Instructor review | peer reviewed sources | experimentation plans
of reports + defined hypothesis
Added in-class Higher quality
2022 Students unclearon Student survey literature review methods sections
experimental expectations comments workshop
Projects perceived as Required explicit link | Improved conceptual
2023 | disconnected from course Student feedback | to course topics integration
content
Perception of workload Student Introduced milestone | Reduced end-of-
2024 | . . deadlines and interim semester overload
Intensity comments check-ins

Evaluating project outcomes




This project was implemented with the goal of integrating sustainability within the civil and
environmental engineering curricula and enhancing student interest in the topic of sustainability.
By accomplishing these goals, the instructors hoped to improve the outcome of undergraduate
civil and environmental engineering education by equipping future engineers with the knowledge
and skills to meaningfully engage with society and contribute to a resilient future in their
professional engineering careers. To determine if the goal of the project was achieved, the project
outcomes were evaluated in multiple ways; project grades were assessed, project feedback was
assessed, and project outcomes were evaluated.

This project was a course requirement and therefore each of the projects received a grade based
on the deliverables previously discussed. The average team grade on this project over the 5 years
it was implemented (2019, 2020, 2022, 2023 and 2024) was 91.8. There were a total of 148
students in these 5 cohorts. The project was not completed in 2021due to Covid. The 2021
student cohort was presented with a unique opportunity and took part in the collection and
monitoring efforts of a campus wide sewage surveillance program.

Feedback on the project was collected at multiple points throughout the semester and from
multiple groups. Students were asked to provide feedback to the instructors about the project at
the end of the semester as part of the end of course assessment. While their thoughts about the
project were not explicitly asked, students did make comments about the project when asked
“What did you enjoy about the course?”. In response to this question, students across the years
stated the following:

e “the project to implement change at the Academy”

e ‘“the group project”

e “Group projects helped with understanding of material as well as being able to help one
another”

e “the applicability of the course to outside problems”

e “learning about how everyday utilities influence our lives and how they are designed”

e “Ienjoyed working on the final project with my group and coming up with solutions to
problems we see in our lives (more of what I see engineering as — problem solving and
solution implementation)”

e “Ireally enjoyed learning more about the environment and implementing new sustainable
energy sources.”

e ‘“the sustainability and environmental preservation aspect”

e “Ienjoyed learning about the topics especially those I can see in my everyday life”

The end of course surveys also asked students “What can be done to improve the course?”. In
response to this question, students across the years stated the following related to the project and
the topic of sustainability. The comments could be generally categorized into three bucket.
Buckets (italicized) and sample comments (bullets) are provided below with the year the
comment was made in parenthesis.



Comments requesting more guidance:

e “would like more guidance on the project” (2019)

e “Provide a little more clarity about what the instructors are looking for in the term project
early on in the semester so that groups have a better idea of what to choose for a topic.”
(2022)

e “Wish the term project was explained better. I think we were confused what was wanted
for the final report and how much of an experiment there was supposed to be.” (2023)

Comments reflecting the project is too much work:

“We waited until the end, but the project was too much work™ (2019)

e “It was difficult gathering information for our final project but we got it done” (2024)

e “It was hard to stay on pace with the project and made me feel like I was swamped when
we did end up writing out the report” (2024)

e “The term project asks too much for what can be done. The answers produced by food
services and public works aren’t sufficient.” (2024)

e “Modify the term project to be several presentations and research and lit review.” (2024)

Comments reflecting that the project did not support the course:

e “I think that the term project was a little open ended and while I did gain good experience
with writing technical papers, it did not help my knowledge with course material.” (2022)

e ‘“the term project while good in theory is a little difficult and incongruous or even
ineffective for students. While conducting research over a long period should yield in-
depth results, the deadline mindset of students serves to produce last minute results that
have little applicability or likelihood to influence change at the Academy. As an
educational tool, I’m sure it has its uses and sets a precedent for this type of project in the
future, but that is just my opinion” (2023)

Students were also asked to provide feedback to each other on the project in the classroom as
part of the mid-semester overview presentation. At the conclusion of each presentation, students
in the “audience” were assessed on the questions they asked their peers, the “presenters”, about
their project. During this activity, instructors were able to assess how well the “presenters” had
both explained their topic and how well the “presenters” persuaded their audience that their
sustainability topic was notable. The “audience” was also assessed on the questions they asked.
Instructors were looking for questions that demonstrated they understood the topic and that they
were developing an opinion about the topic proposed.

In addition to student feedback, operational input from campus facilities personnel was
incorporated into the project. For many sustainability topics, such as energy consumption, water
usage, waste management contracts, or sewage infrastructure, students required real campus data
to perform quantitative analyses. In the first year of the project, several groups of students
reached out to USCGA Public Works. The Public Works office was not prepared and inundated
with a number of student requests. To streamline communication in subsequent years, the



instructors assigned one student to collect all questions from all groups to provide each
stakeholder with one, consolidated list of questions related to their office. Public Works staff
were also invited to student final presentations. While they occasionally attended final
presentations, their role was primarily informational rather than evaluative. They provided
technical data and clarification regarding infrastructure constraints but did not serve as formal
reviewers of student performance or of the instructional intervention itself.

The final assessment metric used to determine the success of the project was whether the project
was implemented. In several instances the student projects sparked initiatives that resulted in
sustainability measures being implemented on campus. Of the 36 projects completed between
2019 and 2024, 6 (17%) resulted in direct institutional changes, 19 (53%) were determined to be
technically feasible but required administrative approval or funding for implementation, and 11
(31%) were identified as economically or structurally infeasible based on lifecycle cost modeling
or physical constraints. The ability of students to conclude infeasibility through quantitative
payback analysis, cost modeling, and structural assessment reflects maturation in sustainability-
oriented engineering decision-making. Examples of notable projects and their real-world impacts
are in Table 3.

Table 3. Sample of student projects and their impact at the Academy

Year Project topic Real-World Impact

2019 Reduction of Plastic Water Dining facility changed their policy. People submitted lunch excusals
Bottles in excusals had to request water bottles. They were not automatically sent.

2020, Zero electricity workout Resulted in Athletic Facility replacing exercise equipment with self-

2021 equipment generated treadmills and bikes.

2023 Green Chemistry Chemistry Department took feedback. Purchased more eco friendly

chemicals and reduced excess which was also a cost savings measure.

2024 Up-cycling of food waste Awareness campaign. Team learned that food hall waste was a food
source for a local pig farm.

The project provided students with the opportunity to design and propose solutions to real
environmental problems at USCGA, enhancing their sense of responsibility and capacity to
effect change. By working on solutions that have direct applications within their community,
students experienced firsthand how environmental engineering can drive positive change. This
project fosters a sense of stewardship for the environment.

Impact of Project

Beyond the impact of the projects to the Academy, the students were positively impacted and
demonstrated a better understanding of how to collect and present data so that everyone impacted
by the proposed sustainability improvement could easily understand the positive effects. As
demonstrated in the student feedback, approximately 62% of students referenced the
sustainability project positively in response to the end-of-course prompt with common themes
included real-world applicability (34%), collaborative learning (28%), and the opportunity to
implement change at the Academy (26%). However, student feedback also reflected areas for



improvement. Approximately 41% of respondents requested clearer guidance or earlier
clarification of project expectations, while 29% referenced workload intensity or pacing
challenges. These responses informed iterative refinements to project milestones and rubric
clarification (see Table 2).

While some of the students liked the project, others disliked the open-endedness of the topics.
This open-endedness made the students have to define their research and while they disliked this,
the project helped students develop research, experimentation, and presentation skills. Over the
course of the semester, the students had to present their work twice. The team first had to present
to their peers while they were still in the forming stages of project development. This forced
them to simplify their decisions so they could present to an audience who had not yet grappled
with all the specifics of their project. On occasion, this first presentation helped the group to
realize that their plans were not going to work, i.e. they were not planning to collect meaningful
data, or their plan was too robust. The second presentation that each team must make is at the
end of the semester. In this final presentation the stakes are higher since other faculty or their
stakeholders may be in attendance. For this final presentation, they needed to defend results
derived from their own experimental methodology rather than from a lab procedure or a
textbook. Both presentations helped students to refine their research and experimentation plan
and helped the teams to develop their presentation skills.

Many, but not all, of the projects also improved the students’ computational skills. Analysis of
project artifacts indicates that 69% of the 36 projects completed between 2019 and 2024 were
determined to be technically viable (implemented or feasible), while 31% were identified as
economically or structurally infeasible based on cost modeling and lifecycle analysis. This
demonstrates that students were not simply advocating for sustainability measures but were
engaging in quantitative feasibility assessment. Often when examining a topic in sustainability,
the teams will look at things like water usage reduction, energy use reduction, or waste
reduction. For these types of projects, the students must use the data they can find to assign
numerical values to the savings their proposal will bring. For example, one team looked at the
benefits of implementing tubular daylight devices in to a building. This project team calculated
potential energy savings, payback periods, and cost-benefit analyses. These calculations required
them to perform detailed research of energy demand, material costs, and environmental benefits.
Other examples include a rainwater harvesting project and the installation of automatic shut-off
sinks in the dorms; in both of these projects students had to analyze water usage data and
estimate savings. The student group computed potential reductions in water consumption,
determined payback periods, and evaluated feasibility based on initial investment costs.

As noted in the student feedback, students expressed that working in groups was enjoyable and
helped them better understand environmental topics. Approximately 63% of students explicitly
referenced group work as beneficial to their understanding of environmental topics.
Collaborative learning allowed students to not only engage with the material but also share
diverse perspectives, which contributed to a broader and more practical understanding of
environmental issues.



The final lesson the projects taught the students relates to communication when trying to make a
change. Several projects highlighted the importance of cultural and behavioral factors in
ensuring the success of their sustainability projects. For example, in one project where the team
was campaigning for implementing reusable cups and eliminating bottled water, the students
identified the reluctance of some students to use glass cups due to concerns about cleanliness and
convenience. In the project focused on water conservation using automated sinks, students
discovered that their project required them to educate the student body about the importance of
water conservation. Initially, students were opposed to automated sinks. They found the
automation time was too short and wanted more control of their water flow. The team had to
convince others that the amount of water wasted in the absence of automated sinks was worth the
perceived “hassle” of having to reengage the water flow when it was needed.

Increasing the number of sustainability conscientious CE grads

Students appreciated the practical applicability of this project to real-world environmental
challenges. Students also grew in their knowledge of sustainability, renewable energy, and how
these topics influence their daily lives. This real-world connection made the course more relevant
and meaningful, encouraging students to consider how they can contribute to sustainability
efforts in their personal and professional lives.

The project challenged the students to think critically about sustainability issues and develop
realistic solutions, which enhanced their ability to analyze problems holistically. They looked at
projects on campus and had to tackle the feasibility of implementing their chosen projects given
real-world space/logistics and financial constraints. Not only did they perform calculations, but
they also critically evaluated whether their proposed solutions were viable given these real-world
constraints. They looked at immediate costs against long-term benefits. For example, the
rainwater harvesting project seemed very promising initially, however, after students performed
calculations, they concluded that it was not economically feasible due to the 28-year payback
period and the need for extensive plumbing modifications. Students had to consider the
environmental impact, the initial investment, and the long-term savings, which encouraged them
to think broadly about both economic and environmental factors in project planning and
implementation of sustainability-oriented decisions.

As students worked through these projects, there were several instances where the instructors
witnessed firsthand evidence of increased environmental awareness among the students which in
many cases translated to more awareness among campus community members. From simple “ah
ha” moments, like the instance when one student working on a water conservation project in the
dorms realized how much water he was wasting by not turning off the water while he was
brushing his teeth to an athletic shoe connoisseur who due to his love of his athletic shoes
convinced his group to look at recycling programs for athletic shoes and was very disappointed
when he discovered the waste generated in the production of most athletic shoes. In many of



these projects, as the teams performed their research, they also became aware of what other
Universities were doing. One notable example was the group in 2019 that discovered that many
schools had water refilling stations throughout the campus. Today, USCGA has at least one water
refilling station in each building, an initiative that was given heft by being able to point to what
other schools were doing. These projects expanded their world beyond our campus.

The implementation of this project has resulted in five years of students who better understand
how to collect and present data and who understand how to influence others to support what they
feel is a positive environmental impact. Across five cohorts (n = 148 students), the average
project grade was 91.8%, suggesting strong mastery of the required research, experimentation,
and communication competencies. More importantly, students demonstrated the ability to
perform quantitative feasibility analyses. In the process, the number of civil engineering
graduates who are more conscientious of the world around them has also increased.

Conclusion

The impact of this project on students’ learning is not only on their academic performance, but
also on their behavioral attitudes and values, creative thinking skills, and statistical and
computational skills. This project-based learning has significantly increased students’
environmental awareness by combining theoretical learning with practical, real-world
applications. The collaborative nature of the group project, the focus on problem-solving, and the
applicability of the content to a student’s everyday life helped students not only understand
environmental engineering concepts but also see their value in addressing current environmental
challenges. The emphasis on sustainability inspired students to think critically about their role as
future engineers in promoting environmental preservation, both within and beyond the Academy.

As civil engineering educators, we are called on to help our students meet contemporary
challenges. Along this vein, the discipline has been tasked to prioritize resilience and community
engagement [27]. Educational reforms, such as project-based learning and sustainability-focused
curricula, have demonstrated success in preparing future engineers to integrate sustainable
practices and community-focused solutions into infrastructure design [28], [29]. The
sustainability project-based learning presented here is one way in which sustainability can be
infused into an undergraduate civil and environmental engineering education.
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Appendix A- grading rubric for literature review report
Literature Review Rubric

Group Members:

Background/Theory (8 pts)

e Sound understanding of applicable theory
e No extrancous information

Materials and Methods/Experimentation Plan (6 pts)

References (2 pts)

e Proper use of in-text citations
e References in ASCE format
e Minimum 5 scientific journals (per previous assignment)

Quality of Writing (4 pts)

Includes abstract/purpose/intro

All sections in a logical order, well-formatted, and very readable
All figures/tables properly labeled and introduced
Grammar/spelling correct

Total (20 pts)



Appendix B - grading rubric for presentation

Final Presentation Grading Rubric

Group Members:
Topic:
Assessment Areas Exceeds Expectations Meets Expectations Below Expectations
(90% to 100% of allotted points) (70% to 89% of allotted points) (<70% of allotted points)
Organization Very clear introduction, conclusion Clear introduction, conclusion and No introduction and/or conclusion
and consistent sequenced material consistent sequenced material within | and unsequenced material within
within body of the presentation. body of the presentation. body of the presentation. Sequencing
Information in logical, interesting Information in logical sequence that is difficult to follow. Lacks
sequence that audience can easily audience can follow. Appropriate but | beginning or ending, or
follow. Engaging beginning and/or not engaging beginning or ending. inappropriate beginning or ending.
thoughtful ending. Moves smoothly Moves smoothly from one idea to Does not move smoothly from one
Score: /20 Points | from one idea to the next all of the the next some of the time. idea to the next.

time.

Technical Content
(Coverage of subject
matter)

A variety of types of supporting
materials (examples, illustrations,
statistics, analogies, quotations)
make appropriate reference to
information or analysis that
significantly supports the
presentation.

e  Topic covered with sufficient
details (Problem and Goal
Statements, Objectives, Work
completed thus far, Schedule,
Budget, etc.)

Supporting materials (examples,
illustrations, statistics, analogies,
quotations) make appropriate
reference to information or analysis
that generally supports the
presentation.

. Most important aspect covered
but some minor details
missing.

. Student demonstrates
knowledge of basic concept.

. Can answer questions but not

Insufficient supporting materials

(examples, illustrations, statistics,

analogies, quotations) make

appropriate reference to information

or analysis that minimally supports

the presentation.

. Topic covered with insufficient
details.

. Student lacks understanding of
information.

e Cannot answer questions.

e Student demonstrates full fully.
knowledge.

Score: ____ /40 Points | ¢  Can answer questions fully and

accurately.

Style and Delivery Delivery techniques (posture, Delivery techniques (posture, Delivery techniques (posture,
gesture, eye contact, and vocal gesture, eye contact, and vocal gesture, eye contact, and vocal
expressiveness) make the expressiveness) make the expressiveness) detract from the
presentation compelling, and speaker | presentation understandable, and understandability of the presentation,
appears polished and confident. speaker appears tentative. and speaker appears uncomfortable.
e Listeners are captivated & . Listeners can follow . Listeners are distracted, with

focused on ideas presented. presentation, but some difficulty to follow.
e Referred to notes or slides but distractions. e Read from notes or slides &
did not read from them. e Read from notes or slides but did not look away from them.
e  Relaxed body language. also looked away from them. e Nervous body language.
e  Consistent eye contact. . Slight nervousness. e No effort to make eye contact.
e Voice is clear with interesting . Occasional unsustained eye e Monotone voice.
Score: / 30 Points

modulation.

contact.
. Voice with some inflection.

Grammar and Spelling

Score: /10 Points

No misspellings or grammatical
errors.

No more than two misspellings
and/or grammatical errors.

Three or more spelling and/or
grammatical errors.

Timeline

Points Deduction:

Presentation was within one minute
of allotted time.
[No deductions]

Presentation was within 1- 2 minutes
of allotted time.
[-1 point deduction/minute]

Presentation was 2 minutes over or
under the allotted time.
[-2 points deduction/minute]

TOTAL: /100

COMMENTS:




Appendix C — Titles of all PBL Projects 2019-2024



Appendix C

Year Project Topics Problem Statement Interesting Facts Main Outcomes Feasibility of the project
. . t ts f¢ tral kout
Ener enerating workout Students are going to workout in the . u(ijerr;s tO ?’nd Zr'lsrgytnue r'a W;)r to'u ity |The athletic facilit 1d repl isti
2019 gy 8 g Athletic Facilities. Can we use this equipment (i.e. did not require electricity e athletic facility could replace existing
equipment to opperate) but not commerical treadmils with energy nuetral equipment.
energy to generate power? .
equipment that could generate power
The dining hall uses table clothes for . . . Total.water gsage and total cost . . .
. . Dining hall would not discuss not using the |associated with table clothes was Easy to implement - stop using table clothes - if
2019 Cadet wardroom linen tablecloths |every meal. How much water is . .. i
. . . table clothes. Felt it was necessary calculated and presented to dining hall ~ |the management was ever willing to do so.
consumed in washing these linens?
manager
Paper towels create a lot of waste. Can Performing a cost comparision and a
Eliminating paper towels in Chase p . There was student push back to this idea of |hygiene comparison, team found that . S
2019 we remove all paper towels and justuse| .. . . . This project is implementable.
Hall ) eliminating paper towels. electric hand dryers were the better
electric hand dryers? .
option.
. . High student interst in thi ject. M T le to ch licy. In th .. .
Every time a student is put on lunch SRS eam was able to change policy. In the Implemented. This implementation saved the
. . . .. o carry refillable water bottles and prefer to |excusal system, a requestor now has to ..
Reduction of Plastic water bottles in |excusal, the dining facility . dining hall money and effort (they no longer had
2019 . ; use their own bottle. Team also found other |check a box to request bottled water. If .
excusals automatically sends plastic water . . . . . to lug pallets of water bottles to alternative
. . many other universities were implementing [the box is not checked, the dining hall ;
bottles. Can we eliminate this? . . . locations).
refilling stations for water bottles. assumes water bottles are not required.
When the Dining Hall is short staffed Dining Hall based its desire to have the
or when they full student body is not in styrofoam over paper due to their
attendance for a meal, meals are served |Paper plates that have food waste on them |strength. The cost of the two types of Push back from the Dining Hall resulted in not
2019 Styrofoam to paper plates . . . . . . .
on styrofoam plates. Styrofoam breaks |can not be recycled in the paper bin. plates was equivalent if stronger paper implementing this change.
down more slowly than paper in plates were purchased. Not a significant
landfills cost difference
Team recommended food waste reduction
. . Meals are either family style or buffet. |Teams learned that all the food waste from [practices and learned that the dining . .
Food waste reduction/recycling in . . o Dining Hall open to the suggestions of the team
2019 At the end of a meal, teams felt too the dining hall was purchased by a local pig|facility personnel were already . .
the wardroom . . . . and implemented a number of the suggestions.
much food was being thrown away. farmer as food for animals. implementing a number of these best
practices.
Hallway lights in the dorms are on a
timing and come on automatically S o - Team calculated the cost savings if lights
. . . . . Old wiring in the buildings was initially a . . .
Reduce light consumption in Chase |around dinner time and remain on, for ) . . . were turned off and suggested alternative [Safety was number one priority. Light
2019 . claim to not implement this project. Small . . . .
Hall safety, until breakfast. Looked at the . . . bulbs which would reduce electrical conservation measures were not implemented.
. ooy safety lights were installed, but not utilized.
energy savings and feasibility of demand.
installing motion activated lights.
Found a study from DePaul Universit . .
sﬁunesfins uth};t t?lr:sizz ;ISi :;VZrSI v Students left in March for Spring Break and
Energy conservation/Light Identify methods to conserve energy at |. £8 g guags Reduce the frequency of lights left on in |stayed home due to Covid so reseqarch was not
2020 . . . implemented matters when ensuring lights . A . .
conservation on campus the University. . academic spaces completed. Initial signage in place did reduce the
are turned off. A larger sign equates to frequency of lishts beine left on
more students likely to turn off a light. 4 y £ £ '
Avg student works out for 30 minutes
A survey revealed tha the treadmills on each time they use cardio equipment. . .
. . . . . After second year in a row of student interst,
Green Gyms: Exercise equals What are the possible green energy campus were the most utilized piece of 49.4% of students surveyed said they . o .
2020 . . . . . |Athletic facility replaced treadmills as they broke
energy sources for our fitness center? cardio equipment followed by the stationary|would work out more if they knew their ) i
. o . . ., |with self propelled units.
bikes and then the elliptical trainers workout was creating power. 48.5% said
their workout habits would not change,
Green roofs have stormwater runoff .
. . . . Several locations on campus have flat . . g
Are green roofs feasible at the reduction and potential energy saving . . Did not assess structural ability of any buildings
2020 Green roof L . roofs and are potential locations for green
University? If so, where. benefits but require structural strength to Foofs on campus
implement. '
Oyst f: th . .
. . s e?rs are farmed aound the US as a Suggested a location along the shoreline
. . Is the river on campus a suitable sustainable food source. Oyster farms also . " "
2020 Oyster Farming on local river . . of campus where an oyster farm could be |Would require an "owner" on campus.
location for an oyster farm? have the added benefit of cleaning up a .
implemented
water source.
How would a food waste recycling Nearly 1/3 of all food produced for public |Collection of food waste from the dorm N . .
. . . . . . University already has a contract with a pig farm
2020 Food waste reduction/recycling program be implemented at the consumption is wasted. This amounts to rooms would be rather simple. Need to ,
. . .. and could add this food to the supply
University? nearly 1.3B tons of wasted food per year. |pace a compost bin in the dorms.
A lot of food is wasted in the dining
hall. 1 of th ject is t t Relativel for thi t t
Green house garden utilizing food all. Goal of the project is to create ? clatlve’y easy fof this group to compqs a Successfully used compost to grow .
2020 . system to collect compostable materials |small amount of food waste and use it in a ; Would require an "owner" on campus.
waste as fertilizer vegetables in a small garden on campus.
and use that to create compost that can |garden.
fertilize a garden at the University.
Are students using more water than Major source of student water usage was Students are taking longer than necessary
o ¢ i hvaiene? . . . . ) . . . .
2020 Water conservation in dorms neces§ary 0 maintain proper. ygiene? |hand Wash¥ng a.nd shpwers Dl}rmg Covid, [to wash t.hellr hands and to shower Would require a change out 1p current plumbing
Goal is to promote conservative water |hand washing times increased in for the Automatic timers for the water sources  |(an therefore a cost), but feasible.
usage even during Covid. student population. would be helpful.
A imately $174 . .
USCG . spends approximately $174,000 on A small-scale, cadet-run operation during
waste disposal every year: $14,000 as
. . warmer months (March—October).
Implementing composting at the Coast |general refuse, $155,000 to empty the . .
. Compost produced can be used for cadet |While the Coast Guard Academy is in support of
. Guard Academy can encourage dumpsters, and galley food/organic waste . . . . .
2022 Composting . . . . gardens and potentially donated for base [the implementation of sustainable practices such
sustainable practices and work to costs $5,000 to dispose of at a local pig . .. . .
. . landscaping. as composting, it is not financially feasible
reduce our yearly spending on refuse. |farm. An additional $14,000/year for L .
.. .. A large-scale operation is impractical
lawncare to apply fertilizers and pesticides | . ..
—_ . without hiring contractors.
and replenishing topsoil.
Educational campaign could lead to
significant water savings—up to 38,700
Cadets use a lot of water and are often gallons per week, resulting in $1,200
not careful with how much they use. monthly savings
Reducing the amount of water used Water conservation is not something most |Repairing malfunctioning low-flow The best way to really save a significant amount
. each time a cadet uses a faucet, shower, |people consider daily unless there is a local |faucets save approximately $625 per of water is to convince the people using the water
2022 Water conservation

or toilet will assist in reducing the
financial burden on the Academy for
housing so many people in one
building.

issue with water directly affecting their
daily activities

month

Replacing current fixtures with low-flow
alternatives, such as dual-flush toilets and
no-flush urinals can save 27,315 gallons
per week, translating to $846 in monthly
savings

that they should also save water by cutting down
on flushes and faucet run time.




Reduction of food waste to reduce

It is critical to recognize why food
waste should be reduced and analyze

Consumers lack awareness of the

Raising awareness about food waste is a
solution that can be easily implemented at
the academy.

Another feasible solution to implement at

The solutions are easy to implement and are
effective. Each solution engages everyone and,

2022 strategies that could possibly be environmental and economic impacts that [the academy is to hold people accountable . .
GHG . . . . . more importantly, creates a small change that will
implemented in the United States Coast |can occur from this issue for their excuses. over time have a lone-lasting impact
Guard Academy’s cadet wardroom. The last feasible solution that Acorn can g g mpact.
integrate is removing the large to-go
boxes
L -t fits of nati lant .
one .erm bepe. 1. > OF native plan s The results determined that upfront costs would
. outweigh the initial costs of reseeding o .. .
The United States Coast Guard Academy . initially be more expensive in terms of buying
and establishment due to reduced .
has many grassy areas that cadets and . . new plants and replacing the current grass,
maintenance needs (less mowing, .
2022 Grass alternatives on campus o faculty never use. Currently, these lawns watering, and fertilization) however less maintenance makes for a lesser long-
p To maintain t.he green space on must be watered and mowed multiple times Combinfjtion of native and 're Jlar term cost. The combination of lower long-term
carppus, pubh(.: works uses fertilizers each year, costing the Academy money and rasses is recommended for rf lantin costs and environmental benefits such as reduced
which end up in the watershed. .Where labor Zgiama ed areas. with entirel nI;tive € |maintenance and increased biodiversity make
on campus would be good locations for g . > ¥ . y native lawns a promising option.
grass alternatives? plants being the ideal option.
Swales deemed unfeasible due to
. . . . . 1 1 i i hile impl i 1 ineffecti
The integration of swales may help in  |one major fee that the Academy pays is for an.dscape alteration requirements While m.]p ementing swales scemed ineffective,
. . . Rain gardens and green roofs were also  [the Public Works team shared that they are
Installing a bioswale for stormwater [removing some of the pollutants found |the stormwater runoff. The Academy was . . .
2022 . . . considered but found unfeasible due to looking for ways to make the campus more
reduction on campus in the water, thus, reducing stormwater |charged around $1300 every three months . o . . C .
runoff fees for Bacle Dr. in 2018 structural limitations of older buildings |environmentally sustainable to minimize the fees
' & ' unable to support the additional load billed by the City of New London.
without redesign, and aesthetic concerns.
82,468 Gallons of Water Wasted Per Replacing sinks and leaking showerheads would
Average person wastes 30 gpd (Dept of Year have a high initial cost, however, long term
. Would it be economical to repair and health) to supply/treat wasted water = $577 per saving's' for the acade@y would b'e beneficial
Leaky Faucets in Chase and Mac As a country, freshwater resources are year Transition to all motion sensor sinks
2023 replace leaky faucets and shower heads . S . .
Hall in Chase and Mac Hall? depleting Over a 20-year period, it would cost Cga should implement a biannual
' In 2017, cga received $39 million to $11,546 walkthrough/testing to ensure that leakage from
improve sustainability Initial investment will be paid off in 4-5 [pipes is minimal and that sinks or showerheads
years in savings are not leaking
Having multiple labs as computer simulations
Determine the most environmentally will definitely reduce learning and waste. But by
friendly method of green chemistry combining a streamlined lab and small groups,
USCGA could switch to, while still Individual lab: 12,250 mL chemical students can' still learn from lab experience and
being able to properly educate cadets . waste can still be reduced
. ) solution Gallons of Waste from USCGA . . . .
. Examine how waste prevention Utilize environmentally friendly solvents to omit
2023 Green Chemistry at CGA . . Labs .
techniques suggested in literature, . any undesirable solvents from labs
. calculate the environmental effect of the . .
namely alteration of lab methods, can . . Expand curriculum to enhance understanding of
waste in gallons X severity .
decrease the waste generated by chemical waste amongst students
academic labs at CGA Inventory check — create up to date inventory of
chemicals in Smith, seek to limit use of those in
“Undesirable” column
EPA found thar in 2019 alone, there was 66
illions t f wasted fi 0 . .
Isré;tlz)nlsar?;; l(l)s wasted food, and 60% was 110,000 gallons of waste disposed of each |Wardroom can save 14 metric tons of food per
. . [week year when implementing trayless food
. e The waste we generate in the Wardoom is . . . .
Trayless dining will limit the amount of] . . Major source of waste is paper cups, 111 metric tons of carbon emissions per year-
70% paper/plastic waste and 30% is food . . . . . .
food wasted at the Academy and same waste napkins, plates (covid potential factor), |Improve air quality, benefiting human health-
in landfills. F te from th tion ph low climate ch
2023 Wardroom Waste energy and space in fmd s . -31,000,000 gal/year of food waste can be ood waste from the production phase, Slow climate change . .
Looking at waste during production, used to power 2000 homes Food waste on trays Each week the scraps|Waste Removal — Continue to send food to pig
consumption, and waste removal phases P left on cadet’s plates are collected and a |farm, however, start a small compost garden for
(110,000 gal/week) x (56 weeks/year) x . . . .
of a meal percentage is donated to a local pig farm |the leftover food. Paper and plastic waste will be
(0.70) x (2000 homes) / (31,000,000 . o . e
sallyear) and the rest is sent to a landfill sent to an incineration facility instead of to a
. Plasti tto a landfill  [landfill.
= 278 homes/year just based on the paper astics and paper are sent to a landfi andfi
and plastic we waste
The United States Coast
Guard Academy is campus full of high
energy cost buildings with different
equipment Reducing heat island effect
Green roofs are an aesthetically Thermal insulation/cooling Installing an extensive green roof on
pleasing way to alter existing building |Decreasing HVAC expenses McAllister Hall
so as to reduce energy needs Reducing carbon emissions - Initial Cost ($450,000) The cost analvsis shows a pavback on investment
2023 USCGA Green roofs McAllister Hall is pivotal location for |Habitat for wildlife - Further research on applicability to (~23 years) 4 pay
more environmentally friendly facilities | Aesthetically pleasing Coast Guard Academy Y
in the Coast Guard If applied at USCGA, will become a pillar |Other Locations on Campus
Is the installation of green roofs on for environmentally friendly practices in
existing structures on the United States |Connecticut
Coast Guard Academy grounds an
effective way to reduce the energy costs
of the school?
We propose converting kinetic energy .
. . . Average Energy Demand of Billard Gym . . .
to electricity via cardio machines in Come up with an incentive system so that
(kW): 13.265
USCGA gyms to offset energy demands everybody fills out the log for more accurate data
The energy produced would not even .
of the gym. collection
. . come close to the energy demand of upper . . .
The reduction of energy consumption . . Possibly look into more energy-efficient
2023 Green Gyms . . . Billard gym. Even if only 10% of people . .
combined with the new production of equipment that consumes less energy to begin
. . that worked out actually filled out the .
energy from the electricity-generating . with
. . S logs, we would still only produce about .. . . o .
gym equipment will be significant Incentivize using the bikes and ellipticals, i.e.
. 0.6% of the energy demand of upper . .
enough to self-sustain the current Billard Black Mirror Season 1, Episode 2
operation of the USCGA gyms. gy
Does installing retrofitted green roofs total monthly enerey cost without ereen
on Chase Hall lead to a reduction in roofs: $26 2}(,) 12 3gy g The application of extensive green roofs to chase
energy consumption? : o . . hall are a long-term investment; it takes 56 years
. . Monthly energy cost with green roofs: Cost of Extensive Green Roof
Hypothesis: Installing green roofs on $25.633.79 installation: $379.631.92 to break even.
2023 Sustainability Project: Green Roofs |Chase Hall will lead to a minimal S ) T The climate in Connecticut doesn’t maximize the

reduction in energy consumption
during warm months and around a 15%
reduction in energy consumption
during cool months.

Monthly energy consumption without green
roofs: 95670.00KWH

Monthly energy consumption with green
roofs5:93598.58 KWH

Monthly energy reduction: 797.5 kWh
Monthly savings: $567.45

energy savings from green roofs.
Chase hall is not a new building so this
investment is not worth it.




Implementing a Rainwater

Implementing rainwater collection
systems for toilets in Chase Hall will

The average American uses 20% of
their daily potable water to flush toilets

Chase Hall uses roughly 684,000 gallons
of monthly total of $1,507.27 per month

28 years to pay itself off

Goal was 20 year payoff period

Would require to do redo all plumbing in Chase
Hall

Implement in future construction or new

202 ) . 1 ts live in Chase Hall 18,063.24 t o
023 Harvesting System in Chase Hall reduce the amount of water used and Over 1000 cadets .1ve in Chase Ha . and 518 063. Per y§arwa cTpet buildings
. . . Chase Hall's roof is a large surface suitable [month for toilet flushing. . .
will pay itself off in 20 years. . . Not economically feasible
for collecting rainwater . g
This system would work great for a new building
that could be designed and constructed with the
rainwater harvesting system in mind.
Incorporate a tidal energy device in the
Thames River.
OBJECTIVE: Determine if Thames’ Set up current meters at each location.
Tidal Energy Device: Coast Guard c.urrc.ant has enough velocity to . Acql.lire readings from NQAA for .
2023 Academ significantly reduce power consumption predicted ebb and flood times Not available
Y Believe this could make significant Based on flow readings, decide the ideal
impact to CGA Sustainability location for the Tidal Energy Device
Can be a Reasonably Affordable
renewable energy option
*The large consumption of wax-lined
paper cups stems from the cadet
USCGA currently struggles with high pre'ference .over the glas.s alternative due
. to issues with the cleanliness of the
amounts of waste and environmental
impact from wax-lined paper cu 2000 Cups Per Day glassware
corrl)sum tion which is egaﬁerbatre) ab 10 Grams per cup *Investing in a new dishwasher with Proposed solution:
Reusable Versus Single-Use Cups in P . Y $69 per case (1000 cups) higher cleaning capabilities is the most ~ [High initial cost
2024 cadet preference for disposable cups : . .
USCGA Wardroom . $15,456 per Semester economically and environmentally Cost of amenities
over glass cups. Solutions are needed to . .
4,938 1b per Semester of waste generated  |sustainable solution Lower long-term costs
reduce the waste created and promote . .
R *There is a need for ongoing research to
the sustainability efforts of the . .
ensure cadets transition to using reusable
academy. . .
glasses and potentially phasing out wax-
line paper cups (Coast Guard Academy
Sustainabhilitv Club)
Project is feasible: Acorn confirmed that cleaning
200 to-go boxes every dinner The project determined that reusable containers would be possible with their
Always 4 cases of 200 boxes on hand (800 |implementing a reusable container system|current dishwashing system.
. boxes) Ordered 5 times a week @ $70.75 = |would be cost-effective. The cost analysis shows significant savings with
. . . |The wardroom uses approximately 200 .
2024 Replacing single-use to-go boxes in one-use boxes every night, producing a $1415 spent on to-go boxes every week The current single-use system costs the reusable system.
the wardroom with reusable ones Lo $0.353 for each box $33,960 for the academic year, while a The majority of surveyed cadets expressed
large amount of municipal solid waste. . o
12 week semester = $16980 per semester  [reusable system would cost approximately|willingness to use the system.
A survey of 110 people showed that 67%  |$1,819 total. The team identified solutions for potential
would use a reusable box system. challenges such as storage and accountability for
the boxes
-A t tlet
VAMPIRE POWER: (AKA PHANTOM daivle,ragsf ajfec;ds:tss ?ZZSZd 7 outlets
POWER): ELECTRICITY THAT FLOWS h ii, har ° rs/cords bl dinto their
INTO YOUR DEVICES WHEN YOU'RE api)li:ncesg j (feclslophsogegg/glilptops after
NOT ACTUALLY USING THEM.
OTACTU USING there are fully charged -Out of the 7,500
i ions i in wi *implementi t plugs is not cost-effecti
2024 En;rgy Saving Solutions in Chase YOUR COMPUTER IS USING POWER zutliets, Zi()r()tsre Lif:/ pltl)lggnecfiu 11r11 WE:I. ; a;r;lp emlznrlng isrmilr [l)alrlgs 1sfn;)li f(t:(i; e lfcr;ve
e EVEN WHEN IT’S IN STANDBY MODE, (:SV z;sau eat nieyht') © Do Ty Charged | and woul fequire foo fatge of s vt
AND YOUR PHONE CHARGER IS \ 2;’ 200 kyWh arg o umed from all
USING ELECTRICITY WHEN YOU stan’db devices Z C:ars uTheis ac(z:ounts for
LEAVE IT PLUGGED IN AFTER YOUR |, ', Y i o ry consumad o Chace
PHONE IS FINISHED CHARGING. o070 97 The Shergy
hall. This costs an extra $8089 per year.
Emphgsmng the separation of *2,000 beverages sold to Cadet Store . .
recycling cans aboard CGA would *Invest more resources into the project
. . *only 48 cans recycled over 15 days: .
. . greatly lower the footprint of the daily . . - Collect data over a longer period
Development and implementation of] . . 1.0% of beverages sold during that time . .
. . waste. Recycling one aluminum can saves enough - More closely monitor recycle bins
2024 a common recycling practice at . . .. *35% of trash cans had recyclable cans . .
Prove that emphasizing recycling energy to run a television for three hours. . *Widespread knowledge on the topic
CGA . o *Landfills receive excess waste-Increased . .
practices and availability on campus ) . Allocating funds — resources/collection centers
e energy consumption, GHG emission, land . . .
would aid in the efforts to reduce waste cover Implementing other universities approaches
output.
Baseline electricity consumption without
TDDs: 1760 kWh/day - Chase Hall cost per TDD implementation in Chase Hall, based on
Chase Hall's reliance on electrical year: $77,100 findings, is strongly recommended with
INTEGRATIONOF B (I8 s st of Bl ity oo s o st [l e e
2024 DAYLIGHT DEVICES IN CHASE |>'/-7°° Per year, J 0L, ' L Total Installation Cost: $282,000 » o] NDANE
HALL and environmental goals, necessitating |Annual energy savings with TDDs: Break Even Point: 9.15 vears reducing reliance on electrical lighting.
alternative solutions for cost-effective, [$30,835 Y Despite upfront costs, TDDs offer long-term
eco-friendly illumination. Total installation cost for Chase Hall: benefits, making them a sustainable investment
$282,000 for Chase Hall's efficiency.
In natural environments, 90% of water is
infiltrated or evaporates, whereas in areas |The project used innovative techniques
with impervious infrastructure, only 45% is |such as orthoimagery and LiDAR for Cost considerations were included, with
infiltrated precise analysis of impervious surfaces  [permeable pavement estimated at $20 per square
Traditional stormwater collection systems |ArcGIS Pro software was used for foot
2024 Evaluation of Stormwater Runoff discharge untreated runoff directly into imagery classification and analysis team calculated 190,000 square feet of impervious

Reduction Strategies at the USCGA

nearby water bodies

Green infrastructure replaces or
supplements traditional "gray"
infrastructure to reduce runoff, improve
runoff quality, and mitigate urban heat
island effects

Water testing and analysis were
conducted in the Thames River

Runoff estimation was performed using
ArcGIS data

road- a significant area for potential improvement
Total replacement cost is not provided, which
would be crucial for determining overall
feasibility




Problem: Food waste from cadet plates

Globally, up to 40% of food is wasted.
Food waste produced roughly 5762.4 cubic
feet = 41,105.7 gallons

Weight of Food Waste Produced per
semester: 8.7 Tons
Volume of Food Waste Produced per

Create a culture: Normalize recycling at all levels
of society

Reduce land fill waste: separate food groups,
paper plates/cups, plastic utensils, as well as
creating a sustainable future

Upcycle food waste: create new uses for the food
waste

Leanpath: Company that provides education and

2024 Up-cycling of food waste is not effectively managed, contributing |32ft x 16ft x 6ftx swimming pool ~~~ 1.87 semester: 5800 cubic feet training to large scale kitchens (hospitals,
to environmental impact. pools N . universities, large sporting events and hotels)
Waste in wrong bin ) .
Roughly 1.5 Roland Pools Lack of education on reeveline/food waste with the goal of waste reduction
Boston College and Leanpath comparisons yelng -Scales that log food waste to ensure that proper
disposal is occurring
-Aided in reducing Boston College food waste by
60% in 3 years
Create more contracts with other farms: Upcycle
food into a variety of uses
Universities have addressed water usage
issues in dormitories with automated and
. aerated faucets (Gleeson, 2009).
ht not .
g h;(l)lc Cl;ajzt: (i)tf ti:ii(e)rll—iia’lsl irrrll::%easrilr(l) Implementation of automated faucets 61.8 GALLONS PER DAY IN ONE
Weater Z,carcit and resultingly might nft significantly decreases daily water usage CHASE HALL BATHROOM. 56 Implementation of automated sinks:
b a5 oon erge L about the §Vyer ufa o |(Bader, 2011). RESTROOMS IN CHASE HALL. It will cost 196,800 USD to implement that many
tlfe ssir(il(zs CThe constant overuse of tghe Cost of sink replacement in Chase Hall 3461 GALLONS PER DAY SINK sinks in Chase Hall
2024 Water conversation using automatic sinks in éhase Hall contribute to a could potentially increase future water bill |WATER USED. It will take 34.67 years to make back the money
sinks decreasine water availability. It is also a savings (EI-Nwsany, 2019). 840974 GALLONS ANNUALLY Not realistic due to sink lifespan of 15-20 years
ster(;rleu(iusgclt Eor t\llle De ar}:ment of Installation of automatic sinks at WASTED WATER COEFFICIENT) = |An alternative solution would be to instead
. P universities like USC can save hundreds of |630731 GALLONS educate the Corps of Cadets about the importance
Homeland Security and the Coast . .
thousands of gallons annually (Mackovich- of water conservation
Guard Academy to pay for all the .
wasted water supply annuall Rodriguez, 2020). $5676 wasted on water annually
PPy v Water usage reduction aligns with
USCGA's mission of environmental
protection
. *The Coast Guard Academy purchases 548 |*A survey revealed key issues with
Paper and plastic cups are among the ! . . .
. . cases of cups per year, totaling 448,000 reusable cups, such as concerns about *The project is feasible but requires a cultural
. . most common solid waste products in . . . . . .
Use of paper-plastic cups in the . .. cups. cleanliness, convenience, and portability. [shift and logistical planning to ensure the success
wardroom and the environmental the wardroom, leading to significant *Each case costs $300, resulting in an *Possible solutions proposed include of reusable cup adoption
2024 waste. The project seeks to determine ’ g prop p adoption.

and financial impact of switching to
reusable alternatives

the number of cups used, the waste
generated, and whether reusable cups
would be a more sustainable option.

annual expense of $164,400 on paper cups.
*Feedback from the wardroom staff

indicated a lack of awareness regarding the
environmental impact of using paper cups.

purchasing a new dishwasher,
eliminating paper cups as an option, and
placing reusable cups in more convenient
locations.

*Initial investment in new equipment (e.g.,
dishwashers) is necessary, but long-term savings
and environmental benefits make it worthwhile.
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