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Introduction

Solar energy provides secondary agriculture teachers with another way to integrate science, technology, engineering, and mathematics (STEM) into their curriculum. Alternative energy’s rise in popularity has made creating a unit on solar energy simple, thanks to the plethora of online curriculum resources. Furthermore, units on solar energy can develop an agricultural program’s connections to alternative energy careers and other STEM career areas (Ricketts, 2012). Agriculture teachers can also use project-based learning to create an alternative energy system that increases the sustainability of their programs. 
According to a U.S. Department of Agriculture (USDA) survey, about 8,000 farms installed solar energy systems by 2009 and the rate of installations has been increasing (USDA, 2011). This indicated a clear need for solar energy education within the agriculture curriculum. Common agricultural applications of solar include space and water heating, powering fans or cooling systems, crop and grain drying, remote electricity supply, and water pumping (USDA, 2011). The March/April, 2012 issue of The Agricultural Education Magazine reported on several ways that agricultural programs are beginning to incorporate solar and other alternative energies into their curriculums. This poster will describe how a program incorporated a two-week unit on solar energy, then engineered and constructed a low-budget alternative energy system that helped power its greenhouse.
How It Works


Students can learn about general energy concepts, utility bills, photovoltaic solar, solar thermal, thermodynamics, basic wiring skills, soldering, digital multimeters, solar power curves, and Ohm’s Law through lectures, videos, demonstrations, cooperative lab work, and other common agricultural education practices. At [Name] High School, the unit lasted two weeks. The [State] Solar Energy Center provided a binder of lesson plans and a lab kit that included mini-solar panels.  

The unit was taught in both an introductory agriscience class and two environmental resource classes for upperclassmen. Lesson plan objectives were aligned to state curriculum frameworks. The interdisciplinary lessons included knowledge related to physics, solar technology, electrical engineering, algebra, geometry, economics, and agriculture. One of the students’ favorite activities was building a solar oven, perhaps thanks to the following cookout. In a more traditional science lab, students discovered Ohm’s Law through examining their own measurements of voltage, current, and resistance.
Using their new skills, the environmental resource classes engineered and constructed an alternative energy system. The project was improved thanks to a local resident who donated a solar thermal collector from a pool heating system. The greenhouse had a pitched roof and provided an excellent location to install the photovoltaic solar panels and thermal collector. In addition, between heating and cooling, it provided an opportunity for energy savings. The pump for the fan-pad cooling system became exclusively solar powered, since the cooling system was only needed on sunny days. A heat pad used to help cutting and seedling root growth was replaced by circulating hot water from the solar thermal collector through a small tube that was coiled under the greenhouse bench. Students also discussed and sketched a similar system with an insulated hot water tank that could provide heat during the first half of the night and reduce the load on the gas heater.  
Results and Implications


The two week unit allowed for time to document student learning using discussions, a quiz, lab work, and an identical pre- and post-test. In addition to teaching STEM skills and knowledge, the creation of the solar energy system caused a small but measurable decrease in the greenhouse’s power consumption. All the students reacted positively to the unit. Several that tended to be less motivated during greenhouse or land lab activities became more actively engaged and took on leadership roles during the solar energy unit.
The need to increase the sustainability of agriculture and incorporate sustainability concepts into agricultural education has been well documented (USDA, 2012; National Research Council, 2010; Williams, 1997). Incorporating solar energy curriculum is one way that agricultural programs can help meet this need. Creating a small but functional energy system that isn’t connected to the grid is an ideal, relatively quick culminating project. It allows students to demonstrate mastery, and then witness their system at work during the following months.

Advice to Others


Solar energy projects use and reinforce skills that are taught in other parts of agriculture programs. Therefore, teachers can add solar-related material when and where it fits most appropriately into their curriculums. For example, solar food dehydrators could be discussed during lessons on food storage. Solar energy projects can be tailored to meet the needs of individual programs, and they provide a valuable learning experience.
Resources Needed


The prices of solar equipment can be expensive. However, purchasing used photovoltaic panels can significantly reduce the costs. Grants and equipment donations are other funding possibilities. Estimated costs to complete the unit and project described above using new equipment are:


Lab Kit with Mini Solar Panels

$150


Solar Oven Materials



$20


2 130W Solar Photovoltaic Panels

$200


Polypropylene Solar Thermal Collector
$150


Wiring and Miscellaneous


$30


Soldering Gun




$30


Total:





$580
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