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ABSTRACT 
This paper describes a number of successful joint projects which have been completed in cooperation between 
Penn State Hazleton engineering students and K-12 students and teachers. The leading projects focusing on 
sustainable energy have been 

• Full-size solar power car 
• 2.5  kW  turbine (installed on the Penn State Hazleton campus) 
• 3.2 kW  Photovoltaic (PV) power station (installed on the Penn State Hazleton campus) 
• Energy Auditing Mobile Lab 
• Backpack Learning Modules for K-3 (which focus on sustainable and renewable energy) 

These projects were chosen to promote energy sustainability education and nurture  environmental sensitivity 
among young people as well as foster an appreciation of alternative forms of energy. High school students 
participating in the projects also received exposure to the engineering design process. The undergraduate 
engineering and engineering technology students mentored high school students while working on the same 
teams. The paper discusses the success, challenges, and funding opportunities for K-12 outreach projects. 
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1. INTRODUCTION 
 

According to a United States Department of Education study, only 10% of high school graduates are pursuing 
engineering and engineering technology careers. This ratio is much higher in other industrialized countries, for 
example, 20% in Germany and Japan. A primary reason for this difference in career choice is a lack of exposure 
to engineering and STEM concepts in the K-12 curriculum for United States students. A lack of understanding 
and appreciation of technical concepts decreases the students’ interest and motivation in pursuing further study of 
science and math. The same factors which cause students to avoid technical disciplines are also responsible for 
recruitment and retention problems in engineering and engineering technology fields. Recently,  energy and 
sustainability have  become an emerging field    in engineering and engineering technology undergraduate 
education.  The attraction of students to this program is important in order to meet future needs.  Energy is one of 
the essential needs of a functional society (Tester, et al, 2005).  According to a  Commonwealth of Pennsylvania, 
Department of Environmental Protection report, by 2020 Pennsylvania has projected that 10% of all of the energy 
generated in the commonwealth will come from clean, efficient sources, including renewable sources (Mcginty, 
2004). This is not unique to Pennsylvania. New Jersey will require 25 percent clean electricity by 2021, and 
Maryland projects a 12 percent increase by 2022 (Cahill, 2007). Michigan is projected to reduce the use of 
traditional fossil fuels for producing energy by 45 percent by 2020 (Gustafson, 2009), and 25 percent of the state's 
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energy may be generated from sustainable sources by 2025 according to Michigan Group for a Renewable Energy 
Efficient Nation (Michigan Green, 2007). Connecticut anticipates 20 percent of all energy used and sold will 
come from clean or sustainable resources by 2020 according to CT’s Energy Vision (2006). Texas has proposed 
to increase development of bio-fuels and dramatically boost the state's production and use of wind energy (Keefe, 
2008).  The increase for the development and usage of sustainable energy resources will also create a large 
demand for engineering professionals with expertise in these new sustainable energy and power generation forms. 
By 2025, over 44,000 additional jobs would need to be created in Pennsylvania as the  sustainable energy 
production in the state increases according to Pennsylvania 25x’25 Alliance (2008). Recently, the federal 
government proposed measures designed to take revenues from oil companies and give them to producers of 
clean, renewable energy (Merolli, 2009). Due to the increased interest in sustainable energy, it is estimated that 
the U.S. alternative energy sector could create 40 million jobs by 2030 based on the report from Michigan Group 
for a Renewable Energy Efficient Nation (Michigan Green, 2007).  
In order to promote energy sustainability education and to impact K-12 education for the purpose of addressing 
these problems, faculty from Penn State Hazleton partnered with administrators and teachers from local school 
districts and secured external funding to support the following activities. 

• To provide in-service training for teachers and guidance personnel. 
• To initiate joint projects involving K-12 and  undergraduate students. 
• To select and develop learning modules and hands-on activities that K-12 teachers could use to teach 

science, technology, engineering, mathematics (STEM) concepts. 
Learning modules and outreach projects related to sustainable energy have proven to be very appealing to K-12 
students and teachers. 
 
 
2. Projects for Promoting Energy Sustainability Education through Outreach 
 
Collaborative projects were initiated and carried out for promoting energy sustainability education through 
outreach.  A number of projects have been done previously, and a few are ongoing. Among those projects, the 
designing and building a full-size solar power car is one of the highlights. This car was built by Elk Lake High 
School students working in cooperation with Penn State Hazleton engineering students who designed the car. The 
time frame from designing to completion of the car was approximately eighteen months (three semesters). This 
solar car project was funded by Alcoa (KAMA) Foundation. Alcoa Foundation provided funds to purchase solar 
panels and the parts/materials which were necessary to build the car. Penn State Hazleton is the home-base for the 
solar car. However, the car has been on exhibit at numerous events promoting renewable energy. 
            A 2.5 kW wind turbine was the second project which was completed by the engineering students. This 
wind turbine has been installed on the Penn State Hazleton campus. It is powering the walkway lights on the 
campus. The wind turbine and the materials needed for its installation were purchased with funds from an internal 
Penn State grant.  
            The wind turbine project led to the installation of a 3.2 kW photovoltaic (PV) power station on the Penn 
State Hazleton campus. This PV power station was also built as a student project and was incorporated into a 
summer course at Penn State Hazleton. The PV power station is connected to the Pennsylvania Power and Light 
(PPL) grid and provides power to a small building which contains one classroom and one conference room. 
Surplus power is being sent to the grid. The data related to the electric production from the PV power station is 
available through the Penn State Hazleton webpage and can be accessed by Penn State students, K-12 
students/teachers, and members of the community. Funding for this project was secured through a grant from the 
Sustainable Energy Funds. 
The Energy Auditing and Sustainability Mobile Laboratory Project focuses on developing and implementing an 
energy auditing process and the setup of essential portable sustainability laboratory systems.  Initially the project 
will conduct Pennsylvania approved Act 48 Continuing Professional Education Workshops for STEM teachers 
within the Partners in Education (PIE) and Northeastern PA Tech Prep Consortium (Tech Prep) service areas.  
STEM teachers will be trained 

• To conduct energy auditing on a residential scale.  
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• To develop an energy saving plan based on the energy auditing process.  
• To calculate the environmental impact based on the energy saved.  

 Energy auditing procedures, necessary forms, and training lessons/materials will be developed and provided. 
Portable devices will be setup for increasing the mobility and extend the impact in delivering the training sessions 
practically among school districts and communities. During the Pennsylvania Act 48 Continuing Professional 
Education Workshops, teachers will have the opportunity to use the equipment/learning modules in the Energy 
Auditing and Sustainability Mobile Laboratory.  This laboratory, its equipment, and modules will be available to 
the teachers (on loan) for in-school use on a rotating basis. The laboratory will include K-12 learning 
modules/lesson plans related to energy sustainability.  The learning modules/lesson plans will be linked to the 
Pennsylvania Academic Standards for Science/Technology, Mathematics, and Career Education, as well as, 
National Standards in Science and Mathematics.  
 
In the future the Energy Auditing and Sustainability Laboratory and its resources will be available to the Greater 
Hazleton Area community through events, such as Penn State Hazleton Community Days and Hazleton Funfest. 
Community members will have the opportunity to borrow the energy auditing kits (free of charge), so that they 
can conduct energy audits of their homes. Forms and procedures will be explained and provided to interested 
parties.  
 
Undergraduate work-study engineering students (College of Engineering) from Penn State Hazleton are  
participating  in the development of the learning modules. They are  also  developing the procedure for the energy 
saving plan and calculating the environmental impact based on the reduced energy consumption and 
sustainability. Undergraduate students from the College of Education are also  working on the development of 
lesson plans and linking the lesson plans to the K to 12 Pennsylvania Academic Standards for 
Science/Technology, Mathematics, and Career Education. Undergraduate students will also be available to assist 
teachers and K12 students with demonstration lessons in their schools. In addition backpack learning modules for 
K-3 students were developed and implemented in the Hazleton Area School District. These learning modules 
focus on sustainable and renewable energy. 
 
3. Effects and Observations  
 
The projects described are being used for teaching, research, and demonstration purposes. The authors of this 
paper  have  observed great interest and enthusiasm in these projects. The major impacts in promoting education 
in sustainable energy education of those projects have been identified as:  

– Enhance classroom teaching by increasing  interest and participation 
– Provide an effective tool for instructor in-service training 
– Help in development of curricular material 
– Promote the interest and understanding the energy sustainability among K-12 students and communities 
 

4. Conclusion 
 
The joint hands-on outreach projects focusing on renewable energy were found to be effective in promoting 
engineering and engineering technology education in energy sustainability through enhancing classroom teaching 
by means of promoting interest and participation while  providing resources and   materials  for instructor 
training.. In addition, these projects nurture environmental sensitivity and promote energy sustainability among 
K-12 students/teachers and undergraduate students. It is found that securing funding and implementing these 
outreach projects was a relatively smooth process when a common understanding is achieved. 
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