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Hands-On Solar Energy Projects to Enhance Learning in 
Electric Circuits

 Engineering students often struggle to connect abstract circuit concepts with real-world 
applications.

 Sustainability and renewable energy provide a meaningful context for applied learning.
 This project introduced hands-on, team-based solar energy activities into ENGR 2305 Electric 

Circuits I and ENGR 2105 Electric Circuits I Lab.
 The goal was to enhance student engagement, technical competency, and collaboration while 

aligning with sustainability-focused education.

Introduction:

 Courses involved:
o ENGR 2305 Electric Circuits I
o ENGR 2105 Electric Circuits I Lab

 Participants: 42 undergraduate students pursuing Electrical, Computer, or 
Mechanical Engineering

 Central project: 
o Design of a solar backup power system for the greenhouse at the HCC Katy 

campus.
o Students worked in teams to solve an authentic engineering problem with real 

constraints.

Project Overview:

 New project module added to ENGR 2305 focusing on applied circuit analysis using solar 
energy systems.

 Two new lab experiments added to ENGR 2105: Characterization of a photovoltaic solar panel, 
Series and parallel circuit analysis of solar panels

 Students analyzed in teams voltage, current, and power requirements of the Greenhouse 
under varying sun-hours, and proposed a backup solar system design.

 Team-based problem solving emphasized communication, conflict resolution, and 
collaboration.

 Assessment tools included pre- and post-project surveys, lab reports, and project evaluations.

Procedure & Methods:

 Measured learning outcomes included:
o Pre- and post-project surveys indicating improvements in student confidence and 

applied understanding.
o Individual progress reports
o Presentation  of proposed design in front of a Judging Panel from HCC, UT Tyler and 

McGraw Hill. 
 Student reflections highlighted increased motivation and relevance of course content.

Evaluation & Assessment:

 The pilot implementation successfully integrated 
sustainability-focused projects into core circuits courses.

 Lessons learned: 
o Real-world projects increase engagement and ownership 

of learning.
o Structured teamwork guidance improves collaboration 

outcomes.
o Clear project milestones improve technical depth and 

time management.
 Future Plans: 
o Expanding the project to include data acquisition and 

performance monitoring of the solar energy system, 
combined with irrigation and environmental controls to 
support autonomous greenhouse operation and systems 
level analysis.

Progress & Plan for Scaling Up:

 Student Impact: Improved 
engagement, stronger technical 
skills, and enhanced teamwork 
experience.

 Institutional Impact: Supports 
sustainability initiatives and 
experiential learning goals at HCC.

 Societal Impact: Prepares future 
engineers to address renewable 
energy and sustainability 
challenges.

Impact:

 Mentor: Dr. Lisa Bosman for her guidance and continuous support.
 Dr. Rashed for supporting implementation of modules & project in his section. 
 ASEE and the EOP-MGP CIV Program
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I can now
explain how
solar power

systems
interact with

other systems
(agriculture,

climate,
economy).

I can evaluate
engineering
solutions by
considering
technical,

environmental,
and social

factors
together.

I can identify
key steps to
reduce the

environmental
impact of an
engineering

project.

I can clearly
explain the

benefits and
trade-offs of
solar energy

and other
renewable

sources.

I can analyze
the cost,

efficiency, and
life-cycle

considerations
of renewable

energy systems.

I understand
how market
trends and
economic

factors
influence

renewable
energy

adoption.

I can identify
ethical

considerations
in renewable

energy projects.

I feel prepared
to design

engineering
solutions that
are accessible,
inclusive, and
beneficial to

diverse
communities.

I can predict
and

communicate
the potential

environmental
effects of
installing

renewable
energy systems.

I am able to
perform or

contribute to an
environmental

impact
assessment for
an engineering

project.

I can select
materials for a

project
considering

both technical
performance

and
sustainability

factors.

I feel confident
designing and

sizing
components for

a solar power
system.

I am
comfortable

using real-world
data to make
engineering

design
decisions.

I can apply
critical thinking

to solve
complex, open-

ended
engineering
problems.

I can resolve
team

disagreements
in a

professional
and respectful

manner.

I can contribute
constructively

to a diverse
team to

complete a
complex

engineering
project.

I can effectively
present

technical ideas
to both

technical and
non-technical

audiences.

POST-PROJECT SURVEY: SOLAR POWER GREENHOUSE PROJECT STATISTICS
None Low Moderate High
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I can explain
how energy

systems (e.g.,
solar power)
interact with

other systems
such as

agriculture,
climate, and the

economy.

When faced
with a technical
problem, I can

consider its
effects on

social,
environmental,
and economic

systems.

I can identify
environmental

benefits and
drawbacks of

different energy
sources.

I understand
the basic

principles of
renewable

energy sources
(e.g., solar,

wind, hydro).

I can describe
how the cost of

renewable
energy systems
is influenced by

material
selection, labor,

and market
demand.

I understand
the concept of
life-cycle cost

when
evaluating an
engineering

solution.

I can identify
ways in which
engineering

solutions can
promote equity
and inclusion.

I believe
engineers have
a responsibility

to design
solutions that
are accessible
and beneficial
to all members

of society.

I can predict the
potential

environmental
impacts of

installing a solar
power system

for a
greenhouse.

I am familiar
with methods
for assessing

the
environmental

impact of a
project

I know how to
select materials

for a project
based on

performance,
cost, and

environmental
impact.

I understand
how to size and

select
components for

an electrical
system (e.g.,
solar panels,

batteries).

I am
comfortable

using data and
evidence to

make
engineering
decisions.

When faced
with a new
engineering

challenge, I can
break it into

smaller
problems to

solve step-by-
step.

I am
comfortable
sharing my
ideas and
technical

findings with a
group.

I know
strategies for

resolving
disagreements
within a team.

I actively listen
to and respect

the
contributions of

teammates
from diverse
backgrounds.

PRE-PROJECT ASSESSMENT SURVEY: SOLAR POWER GREENHOUSE PROJECT STATISTICS
Strongly Disagree Disagree Neither Agree nor Disagree Agree Strongly Agree
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