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Description and Objective of Research: 

The purpose of the Appalachian State Collaborative Biodiesel Project is to design a closed-loop biodiesel processing facility that provides necessary energy inputs, recycles all byproducts, and therefore minimizes pollution.  The objective of this student-led initiative is to provide a meaningful and influential educational tool that can be directly incorporated into the ASU curriculum and serves to teach the surrounding community.  Similarly, by supplying a small amount of fuel for use in home heating systems and farm equipment, we foster community interest and promote the development of additional programs and infrastructure, such as the growing of oil crops.


In order to realize the above vision, our team completed the following tasks:

· System design

· Division of student design team into seven subcommittees

· Development of sub-system parts lists and schematics

· Integration of sub-system designs into a complete system

· Design analysis

· Computer modeling of solar thermal system

· Performance calculations of greenhouse design

· $25,900 additional fund raising in the form of monetary and materials donations, beyond the original P3 grant 

· Management of a volunteer team of over seventy students offering over 2400 hours of labor during the project period.

· Construction of 384 ft2 permanent facility

· Excavated, poured foundation and built a metal building

· Insulated and sealed structure to provide efficient operation

· Installed drywall and safety equipment to comply with fire codes

· Implementation of 90 gallon batch biodiesel processor (processor link)

· Utilized high quality materials compatible with biodiesel for long processor life.

· Pump mixed design in sealed tank prevents chemical exposure and similar hazards

· Construction of wastewater treatment system

· Completion of 280 ft2 passive solar greenhouse to house system

· Design of a 168 gallon/week treatment system prototype

· Construction of methanol recovery system

· Utilization of innovative vacuum distillation to reduce energy demand and waste

as well as increase speed of recovery and safety.  

· Production of 195 gallons of biodiesel

· Recycling of glycerin byproduct

· Production and sale of 10.7 gallons of glycerin soap raising a total of $165

· Installation of solar thermal system

· 144 ft2 of solar collectors provide all process heat in sunny conditions.

· System heats eight different tanks, and is designed for automation

· Oil burning backup provides heating in inclement weather.

· Fostering of community partnerships

· Cooperation with New River Organic Growers to expand regional oil crop production

· Helped in the creation of High Country Biofuels Cooperative which received a grant to bring commercial biodiesel to Boone

· Development of educational programs

· Community workshop series about biodiesel production and use.

· Incorporation of our project into seven university courses during the first year

· Open house, tours, and other community events

· Instrumentation of the system to provide data for student research

· Collection and analysis of temperature data for solar thermal system

· Testing of fuel using gas chromatography

Summary of Findings:


We successfully completed the above project goals, and found that it is viable to close the biodiesel loop through implementation of our system design.  Our solar thermal system has been especially successful, consistently providing tens of thousands of Btu’s on sunny days.  Our educational programs have been heavily attended, with a diverse group of over seventy community members attending our workshops and open house.  Preliminary testing of fuel indicates high quality, and gas chromatography results are pending.  Support from university faculty has allowed dozens of students to incorporate this project into several classes in three different departments.  A solar greenhouse was designed and built to accommodate the ecological machine used in our wastewater treatment.  This facility is still under construction and is scheduled for completion in June when the weather is more conducive to seeding the plant-based system.  We are perfecting the methanol distillation process by upsizing our original design for quicker distillation, which will reduce the energy and labor required for the process. Our partnership with the New River Organic Growers has been successful, and we are fostering our relationship with the High Country Biofuels Cooperative to distribute home heating oil to low-income families.  Finally, we are waiting for further funding to implement our off-grid photovoltaic/diesel generator hybrid electric system to finish closing our energy loop.

Conclusions:


Our work on this project has successfully laid the foundation for student activity in promoting and researching local biodiesel production from waste vegetable oil.  Our facility can operate year-round with minimal materials and energy cost, creating an opportunity for students and community members to become directly involved in valuable hands-on educational activities.  The interdisciplinary nature of the project is attractive to a wide range of participants, and allows for experimentation in a variety of fields of study.  Community and university support, as well as intelligent design ensures that the project will be sustained for years to come.  It is our vision that this project will provide a valuable forum for processor innovation, as well as a resource for both local and distant small-scale biodiesel producers.  With the implementation of a few additional features, such as a renewable electricity system, we will continue to produce high quality biodiesel fuel, and valuable secondary yields, with few fossil energy inputs, and very little waste.

Proposed Phase II Objectives and Strategies:

Wide scale biodiesel use presents a dramatic set of benefits to society including reduced pollution from fuel production and use, increased domestic employment and economic gain in the fuel production sector, and increased energy security.  These benefits will not be achieved until key barriers to the wider application of biodiesel, such as those dealt with by our project, are addressed.  

Phase II of this P3 award, entitled Biodiesel in the Loop: Outreach, Education and Research will create and pilot long-term biodiesel educational programming including academic activities, public education and research. Through these programs, our multi-disciplinary team will address major challenges facing the widespread adoption of biodiesel:   

(a) lack of hands-on opportunities in biofuels education     

(b) lack of sustainable and sufficient feedstocks to meet projected demand, 


(c) systemic public misunderstanding of biodiesel.

To meet these objectives our core strategy in Phase II is to convert the processing facility built in Phase I into a state of the art closed-loop biodiesel lab which will be called the Appalachian State University Biodiesel Education and Research Lab (BERL).  The creation of BERL will ensure that this P3 award will have a lasting impact. 

· The facility will be transformed into a powerful educational and research tool by the installation of a state-of-the-art data acquisition system. 

· A renewable electricity system will finalize the innovative closed-loop system

With Appstate BERL as our base, we will provide hands-on learning and research opportunities for students and community members, address feedstock production through algae and oilseed crop research, and work with local partners to promote biodiesel usage and to disseminate accurate biofuels information.

Education: Our curricular programs will address the shortage of hands-on educational opportunities for those wishing to become professionals in the emerging biodiesel field.  

· A lecture-and-lab course entitled “Introduction to Biofuels Technology” will be taught in the spring and proposed for inclusion in the Appropriate Technology curriculum.  

· Key elements of Phase II, the renewable energy system and the eco-machine wastewater treatment system, will be implemented through work in Appropriate Technology courses.  Faculty from several departments have expressed their desire to use this lab for class demonstrations and field trips.  

· The data acquisition system will open up a multitude of educational and research opportunities on the energy systems, solar greenhouse and biological wastewater treatment system. 

Research: Our research addresses the insufficient and unsustainable sources of feedstock oils.  As demand for biodiesel increases, problems with petro-chemical intensive agricultural feedstocks such as soybeans will arise.  Sustainable, as well as localized alternatives must be explored. We will therefore:

· Expand our research on the viability of growing oil feedstocks such as rapeseed, and processing them into biodiesel and secondary products for local farm use. A trailer-mounted press will enable farmers’ feedstock crops to be converted to fuel. We will conduct and publicize research in cooperation with local agricultural groups.  

· Conduct a feasibility study on the adaptation of an algae-based photo-bioreactor to feed on compost exhaust.  We will do so with the necessary supervision from biology faculty, and support from a pioneer in this field.  This will open up long term opportunities for the study of algae as a feedstock, which is a critical topic since algae’s high yields make it the most promising, though under-developed feedstock option. 

· State-of-the-art Near Infrared Spectroscopy (NIR-spec.) real-time reaction monitoring will allow for advanced education and research on the transesterification (oil to methyl esters) reaction.

Outreach: Our outreach programs will address the public misunderstandings regarding what biodiesel is, and its uses.  In addition to continuing our open houses, one-day workshops and presentations, we will pilot two programs intended to run for years to come.  

· A fuel sample distribution program will provide small quantities of fuel, as well as technical assistance to key off-road sectors- home heating and farm equipment- in order to publicly demonstrate the reliability of biodiesel and clearly communicate its limitations.  

· Certificate courses will train home heating professionals and interested business people in the use and processing of biodiesel. 

Implementation 

In the Summer and Fall 2006, we will:  conduct agricultural experiments, distribute fuel samples for on farm use, install data acquisition, photovoltaic and wastewater treatment systems, hold a curricular symposium, and begin the algae experiment. 

In the Winter and Spring 2007, we will:  hold certificate courses, hold the biofuels course, distribute home heating fuel samples, complete the algae experiment, research closed-loop system and reaction efficiency and web-publish results.

Publications/Presentations:

How to build a biodiesel processor, by Paul Feather. http://www.biodiesel.appstate.edu/research/biodieselworkshop2.ppt
Supplemental Keywords: global climate, green chemistry, clean technologies, innovative technologies, manufacturing, conservation, waste reduction, agriculture, engineering, atmosphere, groundwater, mobile sources, cleaner production/pollution prevention, renewable fuels, life-cycle analysis, alternative energy source, pollution prevention, Scientific Discipline, Sustainable Industry/Business, Chemicals Management, Energy, Environmental Chemistry, Environmental Engineering, Sustainable Environment, Technology, Technology for Sustainable Environment, waste reduction, North Carolina (NC), alternative fuel, alternative to petroleumdiesel fuel, bio-based energy, biodiesel fuel, biofuel, biotechnology, emission controls, energy conservation, energy efficiency, environmentally benign alternative, renewable energy, renewable fuel production, waste cooking oils, waste minimization, waste to fuel conversion, glycerin soap
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Phase 1 Final Report

1.  Background and Problem Definition


In 2005, the U.S. used more than 48 billion gallons of diesel fuel (DOE EIA, 2006).  This equates to the emission of 1.08 trillion lbs. of CO2 (DOE EIA, 2000), as well as 11 billion lbs. of particulate matter (NBB, 2006), which results in respiratory problems, decreased productivity, and premature death (EPA, 1997).  One sustainable solution to this problem is wider scale use of biodiesel as a substitute for petroleum diesel fuel, which greatly reduces vehicle emissions (EPA, 2002).  Biodiesel is a renewable fuel which is made through the process of transesterification of oils.

The introduction of the P3 project at Appalachian State University (ASU) quickly prompted a widespread student response which eventually evolved into the ASU Collaborative Biodiesel Project.  This student led initiative has been a highly visible effort receiving support from several university and community sources, and over seventy highly motivated students all over campus.  During phase 1 we have set out to do two things to help further the use of this renewable fuel: demonstrate a unique closed-loop design for biodiesel processing, and create an educational facility to teach about biodiesel production and use.


The first technical challenge addressed by the Collaborative Biodiesel Project at Appalachian State University was the development of a closed loop biodiesel processor (figure 1) to convert waste vegetable oil from restaurants into usable diesel fuel.  Having examined many different processor designs we quickly realized that though the fuel produced was sustainable, the process itself was not.  There are many inputs into the system and many byproducts of the system which are not being dealt with in a sustainable manner.  We have developed innovative ways to utilize sustainable technologies to produce inputs and utilize byproducts.
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Figure 1:  An early conceptual diagram of the process.


Second, we are in the process of educating the local community about the use of biodiesel and its benefits.  We are doing this through workshops and community forums.  We are creating classes at ASU to educate students and provide hands on experience.  We are also keeping all of our work and design ideas open source so that our design may be utilized by other biodiesel facilities around the country and the world.  We will be providing fuel to local farmers to fuel their tractors which will help in educating them about biodiesel and its use, as well as increasing the sustainability of local agriculture.

Relationship to People, Prosperity and the Planet

Our project directly relates to People, Prosperity and the Planet in the following ways:

People:  This project demonstrates to people the possibility of reducing local dependence on foreign oil, and provides health benefits through cleaner air (EPA, 2002).  Our small-scale processor creates a model that farmers, municipalities, businesses, or other entities could use to meet their own fuel needs, and become less dependent on fluctuating global energy markets.  Also, because of its incorporation into our university curriculum, future students will gain valuable hands-on training in the growing field of biofuels and renewable energies.  In the future, this project also has the potential to disseminate information to people in developing countries about how they can build similar systems to produce local fuel for transportation and heating.  Finally, by distributing surplus fuel to local farmers we can provide a cleaner burning, locally produced, low cost alternative to conventional diesel fuel.

Prosperity:  This project is good for prosperity because it demonstrates the practicality of oil crops as a highly valued agricultural product.  Furthermore, improved air quality and resulting health benefits are an important aspect of prosperity.  Increased local fuel production allows us to keep money spent on fuel in the local economy instead of losing it to outside markets.  If our project ideas are adopted in other regions of the U.S. and around the world, there is potential to boost sustainable economic development.  Finally, aspects of our processor model that minimize energy use also decrease fuel production costs, making biodiesel production a more profitable economic venture for local fuel producers.

Planet:  The intention of our closed-loop design, in which we recycle our wastes and provide for our own energy needs, is to demonstrate responsible, sustainable design methods that are applicable in all areas of human activity.  This type of thinking has far reaching implications in all aspects of design.  It forces designers to re-evaluate the impacts of their work on the planet and create better ways of doing things.  Furthermore, by taking responsibility for all the environmental impacts of our process, we demonstrate the level of accountability and conscientiousness that is necessary in sustainable design.  

Relevance and Significance to the Developing and Developed World

Both the technical merits and the social impacts of the Collaborative Biodiesel Project have strong relevance to the sustainability movement.  The closed-loop design model that our facility demonstrates is applicable to a wide range of processes beyond biodiesel production, which makes the project a valuable educational tool both here and in the developing world.  The spread of closed-loop design methods in the third world will help establish a sustainable development trend in the future.  Without new sustainable models like ours the developing world will surely follow in the footsteps of the industrial nations, repeating the errors which threaten people, the planet, and prosperity.

Implementation of the P3 Project as an Educational Tool


Possibly our greatest success has been the integration of our biodiesel facility into the ASU curriculum, and use of the facility for community education.  At least seven university courses utilized the new facility during the project period, and over fifteen students were able to meet significant class requirements (20% or more of the final class grade) through their work on the project, sometimes in more than one class.  Four Professors at the University have used our facility for educational field trips, and many students have contributed volunteer work constructing the facility and organizing events.    

We have offered two workshops on biodiesel production during the project period, with a combined attendance of 30 community members.  Due to an overwhelming response we have scheduled another workshop on April 14th.  We will also be having our first soap making workshop on April 28th.

We intend to further our educational potential by developing a biofuels course to be added to the university curriculum. Through this and an expanded workshop series we hope to educate our community and the surrounding area.

2.  Purpose, Objectives and Scope

Purpose


The purpose of the project is to design a closed-loop biodiesel processing facility, which provides necessary energy inputs to the system, while utilizing all byproducts of the biodiesel process so as to minimize pollution.  The student-led initiative is designed to provide a meaningful educational tool that can be directly incorporated into the ASU curriculum and used as a teaching tool for the surrounding community.  Similarly, by providing a small amount of fuel for use by local families and farms, we expect to foster interest in biofuels, and promote the development of additional programs and infrastructure, such as the growing of oil crops.

Objectives and Scope

The following objectives were developed to achieve the above purpose:

Establish a Permanent Facility: We were granted space for our facility from the university, upon which we constructed a 384 ft2 metal building that we received as a donation.  Approximately 700 hours of volunteer labor were harnessed to establish this resource. 

Processor Design: We designed and constructed a 90-gallon batch processor, using high quality materials to ensure long life.  We used recycled stainless steel tanks to reduce the embodied energy of our facility and reduce cost.  A technical diagram of our processor system is shown in figure 2. 

Solar Heating: In order to provide the heat needed for the transesterification reaction to take place, we installed a solar thermal heating loop.  This minimizes the external energy input necessary to fuel our process.  In the event of cold and cloudy weather, supplemental heat for the reaction is supplied through an oil burner fueled with vegetable oil and biodiesel.  A heating system schematic is available at (www.biodiesel.appstate.edu/research/heating.pdf)
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Figure 2: Biodiesel Processor Schematic (www.biodiesel.appstate.edu/research/processor.pdf)

Methanol Recovery and Glycerin Recycling: Because methanol is a necessary input to our process, we installed a methanol recovery system to distill excess methanol from the biodiesel and its glycerin byproduct.  This maximizes process efficiency, and prepares the glycerin to be safely used as an ingredient in other processes, such as soap making and composting.  This also makes our facility safer by eliminating methanol fumes.

Wastewater Treatment: We have designed a wastewater system to treat the water used in washing the biodiesel we produce.  This treatment program takes advantage of natural and biological filtration mechanisms to bioremediate wastewater to be re-used in the process. 

Community Partnerships: We are fostering a partnership with the New River Organic Growers Association to provide fuel for members’ farm equipment.  This creates an opportunity for local farmers to become more familiar with biodiesel, which is a necessary step in establishing it as a local alternative to petroleum diesel.  Additionally, we are partnering with local farmers to experiment with the growing of oil crops in an effort to increase local fuel production.

Educational Programs: We hosted tours, workshops, and field trips at our facility to teach people about biodiesel production, passive solar construction, closed-loop design, wastewater treatment, and other relevant topics.

3. Data, Results, Findings

Project Success

Our project was extremely successful, because we accomplished our project goals in spite of serious unanticipated setbacks.  We implemented our processor design, and successfully produced 190 gallons of high quality biodiesel.  We are currently completing gas chromatography analysis of our fuel in the ASU chemistry department, and we are producing more fuel as this document is written.

Our closed-loop design elements were also successful.  In favorable conditions, our heating system is delivering over 20,000 Btu/hr of renewable solar heat to our process, and our first two batches of biodiesel were made without any heat input other than the sun.  We recycled eight gallons of glycerin byproduct into eleven gallons of usable soap, which we sold to students and community members for a net gain of over $165.  The first test of our methanol recovery system was a success in recovering one gallon of methanol.  We are in the process of re-designing this system to increase distillation speed while decreasing energy use.  We have completed construction of our passive solar greenhouse, which will pre-heat our oil and house our water treatment system, which is currently under construction.

The outreach and education aspect of the project was very powerful, as we effectively integrated our facility into the ASU curriculum by making the site available for field trips, tours, and individual research projects.  Seven university courses in three academic departments made use of our facility during the first year of its existence.  Three community events were also held at our facility, with a combined attendance of 79 people, and two more events are scheduled for April.  Our partnership with the New River Organic Growers is becoming stronger, and we were able to provide 40 gallons of fuel to local community members.

All of these goals were accomplished in spite of significant setbacks and challenges, such as the unanticipated need to build our own building, a six month delay in receiving promised funding from the university, and issues with fire codes that prevented full use of our facility until April.  In future projects, we will have a better understanding of the need for improved communication with regulatory agencies and university administration.  Our success in overcoming these challenges can largely be attributed to the hard work of key team members who devoted hundreds of hours to the project, remarkable teamwork and the support we received from the university and community.

Contributions from various disciplines

The interdisciplinary nature of our project required major participation from students and faculty in six different degree programs, and peripheral involvement of several others.  Establishing our facility required us to build our own buildings, which we achieved with help from students studying Construction Technology, and from the local chapter of the Student Builders Association.  Many of the renewable energy systems incorporated into our project required expertise from students in Appropriate Technology. Students and faculty from the Chemistry and Biology departments carried out fuel testing.  Our wastewater treatment system required input from these departments as well.  Students studying sustainable development contributed heavily to our community outreach and educational programs, and students in communication and interdisciplinary studies created a multi-media documentation of the project.

Without the varied interests and expertise of the students and faculty working on this project, we could never have accomplished such a wide range of tasks.  Similarly, many students working on this project achieved goals that were beyond their traditional area of expertise.  Biology students were involved in building construction, and Sustainable Development students studied the chemistry of soap-making.  The character of the project has been very conducive to collaborative exploration of a variety of topics and disciplines.

External partners and funding

Over $25,900 of funding was leveraged for the project in addition to our P3 grant through support from the following groups and organizations:

	Organization
	Contribution
	Value

	Appalachian Regional Initiative for Sustainable Energy
	Grant
	$700.00

	ASU Renewable Energy Initiative
	Matching Funds
	$7000.00

	ASU Department of Technology
	Solar Collectors
	$600.00*

	Lowes Hardware
	Donation
	$1700.00

	NC State Energy Office
	Greenhouse glazing
	$900.00

	ASU Office of Student Research
	Individual student grants
	$1550.00

	Lovens Ready Mix, Inc.
	Discount on concrete
	$400.00

	Pump Biz
	Discount on pumps
	$750.00

	U.S. Buildings
	Donation of building
	$7600.00

	Fundraisers/Community Support
	Soap sales and events
	$2300.00

	NCFI Polyurethanes
	Donation of insulation
	$2400.00


* estimated market value

We developed partnerships with the above groups as well as Piedmont Biofuels, ASU Chemistry Department, ASU Biology Department, and New River Organic Growers Association. 

Analysis of reduced environmental impact.


Over a period of several years, a biodiesel processor such as ours has the potential to create significant environmental benefits.  Our design has the capacity to produce 21,000 gallons of biodiesel in one year.  Over a twenty-year lifespan, this adds up to 420,000 gallons of fuel.  When burned this would represent a reduction of over 2,000 lbs. of particulate matter, 2,300 lbs. of volatile organic compounds (VOCs), and 23,000 lbs of carbon monoxide (NBB, 2006). While these numbers are relatively low compared to global emission rates, our design is easily replicable, and our educational and outreach programs are intended to facilitate the development of similar processors in other locations.  All of our educational events have been well attended, and we feel that our processor model will be adopted by other small-scale producers.


Additionally, our closed-loop design offsets significant environmental impacts related to the biodiesel production process.  Our small facility would normally produce about 0.5 million gallons of wastewater, and 84,000 gallons of glycerin in a 20 year lifetime.  We directly improve environmental health by treating these potential pollutants on site and reusing them.

4. Discussions, Conclusions, Recommendations

People, Prosperity and the Planet.


We feel that this project strongly balanced the elements of people, prosperity and the planet.  We have affected people through our educational workshops, which were attended by a wide variety of individuals, including farmers, concerned citizens, fleet managers, bus drivers, chemists, loggers, and educators.  We also offered valuable hands on experience and job training to over 70 students who contributed 2,400 hours of volunteer labor during the project period.  This job training has already proven its value, as Chris Jude, a recent graduate and founding member of this project, was hired to design and build a biodiesel processor for Full Circle Farm in Carnation, WA.


Our first steps in improving prosperity have been to demonstrate the feasibility of growing oil seed crops in our region by placing one acre of rapeseed under cultivation in three experimental sites.  Our partnerships with local farmers have stimulated interest in experimentation with oil crops in our region, with six farmers demonstrating interest in cooperating with us to grow ten acres of fuel crops this year.  

By impacting so many people, and modeling sustainable fuel production methods, we are raising awareness about sustainable design.  Our project has been highly visible, receiving attention in the University and local newspapers, radio, television, and on various websites (see Media References).  We have used these opportunities to present our closed loop system concept, as well as information about biodiesel.  Thus, our project is raising awareness about sustainability in general, while also directly reducing diesel emissions, and creating cleaner air for our planet.  Our project is easily replicable, and we have kept all of our designs open source and available at our website (http://biodiesel.appstate.edu).

Impact on the sustainability movement

This project addresses environmental, economic, and social aspects of sustainability:

Environmental aspects of sustainability: The most important environmental benefit of this project is its contribution to better air quality. Additionally, due to the unique closed-loop system our waste is minimal.

Economic aspects of sustainability: In this time of fluctuating fuel prices and political unrest in oil producing countries, the need to explore alternative methods of fuel production has become more important to ensure economic sustainability.  Our project demonstrates a strong alternative to our economic dependency on foreign oil.  Providing for our fuel needs locally increases economic stability by creating a market for locally produced fuel rather than relying on global markets.

Social aspects of sustainability: The educational workshops provided by the project have created a foundation for biodiesel work and exploration throughout the community.  Widespread interest in our first workshop on biodiesel production this year forced us to schedule a second one in mid-April.  Three people who attended our first workshop have begun to design their own processors.  Six members of our project also helped form High Country Biofuels Cooperative, which recently received a grant for $21,000 to bring a commercial biodiesel pump to Boone.  Our open source design can increase knowledge within the greater biodiesel community and provide a forum for processor innovation.

Improved Quality of Life
The project is extremely multidimensional and because of that, its impacts contribute to an improved quality of life on many levels. The production of biofuels counteracts the rapid environmental degradation that we are plagued with today.  As described above, the use of biodiesel directly benefits air quality.

The project also fosters a sense of community empowerment and self-reliance.  We feel that the united effort of this group has demonstrated the potential of a close-knit community working towards common goals.  Working together in this way builds a foundation of community that leads to an improved quality of life.

Innovative approaches

The innovation of our approach is the closed-loop design.  It is discussed in-depth throughout this report.  While most of the technologies used in this project are not original discoveries, their integration into one system is a novel approach to biodiesel production.  

.

Transferability of results.
The closed-loop design that we are demonstrating with this project is extremely applicable to a wide scope of applications.  The most important idea behind it all is a reduction of unnecessary waste by using sustainable methods of attaining energy inputs, while at the same time turning our waste into usable products by recycling and reusing our waste stream.  This idea is applicable to all forms of industry, manufacturing, and design.  Closed-loop design has the potential to reduce waste dramatically and create new markets for products created from the waste.  Because excessive waste is a vast problem everywhere, this idea has applications in the developed and developing world.  

Life cycle analysis

Environmental impact and embodied energy: A small processor such as the one we have developed can contribute greatly to the reduction of vehicle emissions with minimal negative impacts, as described in our analysis of reduced environmental impact above.  Many of the elements we have used to implement this design, including all of our tanks, our solar collectors, building insulation for the greenhouse, and other items were re-used or salvaged directly from dumpsters, minimizing the embodied energy of our design.  We have paid special attention to materials compatibility issues so as to extend the lifetime of our processor design.


Our closed-loop design also creates a very favorable energy balance for the production of biodiesel from waste restaurant oil.  The published fossil energy balance for biodiesel produced from virgin soybean oil is 3.2:1, meaning that it requires one unit of fossil fuel energy to produce 3.2 units of energy from biodiesel (Sheehan et al, 1998).  However, this balance accounts for all the energy necessary to grow soybeans for oil, crush them, and transport that oil to the facility.  Since our design utilizes waste oil, we can remove much of that energy from our life cycle.  Similarly, by using renewable energies such as solar heating to power our process, we create a more favorable energy balance.  Hoover (2005), in his life cycle analysis of a similar facility at Piedmont Biofuels, concludes that the energy balance for biodiesel produced from waste vegetable oil using renewable energy is 7.8:1.  This is a very favorable balance when compared to the 0.83:1 balance for diesel fuel produced from crude oil (Sheehan et al, 1998).
Economic analysis: We implemented our entire design for under $40,000, including donations, but not including labor.  The design could be implemented for significantly less if it were not necessary to build a suitable space to house the facility.  Materials costs for biodiesel production during the project period came to approximately $0.75 per gallon using free recycled vegetable oil and volunteer labor.  At the current local rate of $2.79 per gallon of diesel, our design would pay for its construction costs in about one year by producing 400 gallons of fuel per week.  The economic situation could be improved through bulk ordering and similar strategies.


While this is certainly a cursory analysis, the current economic situation clearly favors the construction of small community based facilities such as this one to process low-grade used vegetable oil into high quality biodiesel fuel.  By designing a closed-loop system, we have minimized the operating costs of our facility, which creates a very attractive investment, with low capital costs.

Conclusions, and recommendations for further study


Our work on this project has successfully laid the foundation for student activity to promote and research local biodiesel production from waste vegetable oil.  Our facility can operate year-round with minimal materials and energy cost, creating an opportunity for students and community members to become directly involved in valuable hands-on educational activities.  The interdisciplinary nature of the project is attractive to a wide range of participants, and allows for experimentation in a variety of fields.  Community and university support, as well as low operating cost ensures that the project will be sustained for years to come.  It is our vision that this project provide a valuable forum for processor innovation, as well as a resource for both local and distant small-scale biodiesel producers.  With the implementation of a few additional features, such as a renewable electricity system, our design can continue producing high quality biodiesel, and valuable secondary yields, with few fossil energy inputs, and very little waste.

Further Study: Nearly all of the embodied fossil energy contained in our fuel is derived from the methanol required in the biodiesel reaction.  In order to create a truly closed system, further study into the local production of methanol for biodiesel production would be necessary.  Methanol is generally produced from natural gas, and there is potential to produce it locally using methane gas from local landfills.  A feasibility study of landfill gas conversion into methanol would be valuable in furthering our effort to create locally produced fuel options.  Similarly, the use of ethanol in small-scale biodiesel production is not well researched, and there is further potential for study in that area.


Our facility is designed to be a resource for research into biodiesel production and renewable energy use, providing countless opportunities for student research.  A few examples include:

· studies of alternative biodiesel production methods, such as the use of sulphuric acid to treat low-quality vegetable oil

· studies of solar thermal heating efficiencies and heat exchanger design

· further research into appropriate plant and bacteria species for the treatment of wastewater

· selection of appropriate oil crops for fuel production in this region.

Even with limited funding, the facility we have developed during the course of this project will allow motivated students to address these, or many other research topics that might interest them.

Proposal for Phase II

1.  Project Description 

I. Challenge Definition and Relationship to Phase I

Phase I of the project Closing the Biodiesel Loop was very successful. A fuel processing facility was built, and partnerships within the university and with the local community were established, with high levels of participation recorded.  Phase II of the Collaborative Biodiesel Project is titled Biodiesel in the Loop: Outreach, Education and Research.  We will address the challenges facing the widespread adoption of biodiesel:  

· a lack of public understanding about biodiesel use

· a lack of high quality hands-on educational opportunities to train biodiesel professionals

· lack of sufficient and sustainable feedstock production.  

Addressing these challenges is a necessary step in realizing the vital benefits of biodiesel.

Education:  

Technically speaking, biodiesel is ready for wider market use.  However, the substantial difference between biodiesel and petro-diesel production warrants an educational infrastructure for biodiesel that is not yet developed.  Widespread use of biodiesel awaits this infrastructure.  Our primary goal is to turn the facility we have built into the Appstate Biodiesel Education and Research Lab (BERL), a state of the art, hands-on, closed-loop biodiesel teaching, research, and outreach tool.  The facility will be enhanced by the installation of a state of the art data acquisition system. It will be taken off-grid with a PV system to further close the energy loop.  Appstate BERL is the foundation of phase II, underpinning the success of all our educational and research activities.  Appstate BERL will not be a bulk fuel processing facility, and fuel making will be limited to educational, research and outreach purposes.  Following on the strong curricular involvement, and relationship building within the university in phase I, use of BERL will be extended to a still wider array of courses in Technology, Biology, Chemistry, and Sustainable Development.  Finally, a biofuels course entitled “Introduction to Biofuels Technology” will be introduced into the curriculum. Students in this course will become skilled fuel makers and widely knowledgeable about all aspects of biodiesel.

Research:   

Biodiesel education is characterized by a thorough exploration of the transesterification reaction, and the inputs and outputs of that process.  This type of education is currently lacking in the United States.  With our data acquisition system, we will closely monitor, and investigate all elements of our process including real time reaction monitoring, measuring exact energy inputs, and physical and chemical fuel analysis.  Using these resources, we will explore the most energy efficient and sustainable production methods.  
Our second area of research is oil feedstocks.  Feedstocks, unable to meet projected biodiesel demand (Radich, 2004), are produced through unsustainable agricultural practices, and are not locally available.  First, in collaboration with the North Carolina Agricultural Cooperative Extension and The New River Organic Growers Association, we will expand the oilseed crop research already underway to quantify and promote the cultivation of rapeseed on struggling farms (see letters of intent). Our second feedstock topic, algae, is by far the most promising but underdeveloped feedstock source.  During phase II we will conduct an experiment to test the adaptability of algae filled photo-bioreactors (successfully being used to recycle combustion flue gases) to feed on compost exhaust.  This experiment, in addition to being promising in itself, will leave behind the faculty team and infrastructure to continue algae research at Appstate BERL.  

Outreach:  

Through the widespread public interest generated in Phase I, we have observed systemic myths and misunderstandings about biodiesel, such as the belief that a diesel car must be converted to accept biodiesel. These misconceptions slow down the adoption of biodiesel. Through our outreach programs, we will educate consumers and those in the diesel fuel sector so they are comfortable with using biodiesel.  Our outreach program is particularly important since biodiesel will soon be publicly available locally.  Due to our promotion of biodiesel in Phase I, High Country Biofuels Co-op has formed and been funded by the North Carolina Division of Air Quality to provide a biodiesel fueling station.  We will continue to offer, and expand the audience, of our very popular workshops and presentations.  With established partners, we will conduct a fuel sample distribution program to demonstrate the reliability of biodiesel in key off-road diesel sectors, including farm equipment and home heating (see letters of intent).  We will also publicly offer certificate courses at BERL, one to home heating professionals focusing on the technical details of biodiesel as heating oil, and another to those interested in sustainable processor design and fuel making.  

II. 
Innovation & Technical Merit

Our multidisciplinary team consisting of students from biology, chemistry, sustainable development and technology has drawn together the necessary talent and faculty supervision to achieve our Phase II goals. We believe our programs for outreach, education, and research, are novel and technically sound.  

Education:  

The Appstate Biodiesel Education and Research Lab (BERL) will be an innovative facility.  It will ground all educational activities in a holistic closed-loop design philosophy, transforming waste steams into tangible resources.   The off-grid PV system, integral to closing the loop, will be installed by professionals working with a PV class. Our ecological machine, responsible for bioremediation of wastewater will be seeded and maintained properly with the assistance of qualified faculty.  Remediated wastewater will also be tested for purity.  Classes at ASU will build and operate these systems, gaining valuable hands-on experience.  By holding a biodiesel curricular symposium with leading biodiesel experts, we will assure the excellence of our curricular content and the applicability of our research and teaching to commercial scale biodiesel production. (For details on faculty involvement see letters of intent.)

Research:   

The data acquisition system for our lab will make it an innovative and powerful research and teaching tool.  Using near infrared spectroscopy for reaction monitoring, and a centralized real-time data logging system will enable us to hone and perfect the process of small-scale multiple feedstock batch production.  The wide range of elements in the system will provide a wealth of research opportunities.  Oilseed crop research, focusing on the determination of suitable crop varieties, production systems, and economic feasibility, will be conducted by establishing test plots throughout Western North Carolina’s High Country.  An oil-press, essential for oil extraction, will allow for the conversion of locally produced feedstock into fuel.  Our research on algae will be highly innovative, yet technically simple.  Currently, photo- bioreactors using algae to uptake CO2 from smoke stacks convert the gases into biofuels feedstock with remarkable success (Vunjak-Novakovic et al., 2005).  Our bench scale experiment will test the adaptability of this technology to CO2 rich compost exhaust. Our success will be ensured by supervision from faculty with experience culturing algae, composting and lipid analysis, and well as from Isaac Berzin, an innovator of photo-bioreactor technology.   (See letters of support)

Outreach:  

Our outreach program of fuel sample distribution, certificate courses, workshops and presentations is well defined and manageable.  With the help of a symposium, we will develop a certificate course for fuel makers, and home heating professionals.  The tuition fees will pay for the outside instructor and consumables, while the use of the lab will be free.  Based on existing demand for workshops locally, we believe such a course would be sustainable year after year.  The fuel sample distribution program will target the key off-road sectors of home-heating and on-farm use.  We have established partnerships with High Country Biofuels Cooperative and the New River Organic Growers in order to supply influential members of these sectors with fuel samples and technical assistance.  We are currently testing our fuel using a Gas Chromatography Mass Spectrometer to ensure it meets ASTM D6751 specifications. 

Presentations to local colleges and high schools, and community groups will promote biofuels, our workshop and certificate courses, and biofuels education. Our focus on small-scale multi-feedstock processing lends itself to decentralized fuel production appropriate for developed and developing countries.  The data we gather on the closed-loop process will be worthy of disseminating to commercial operations such as the one being built by Piedmont Biofuels. 

We feel confident of success in Phase II due to the University’s tremendous support throughout Phase I, the widespread community interest and participation, and our team’s contagious enthusiasm, talent, and ability to bring together the resources needed to accomplish our goals. 

III.
 Relationship to Sustainability:

 The displacement of petroleum consumption by biodiesel presents considerable contributions to sustainability, returning economic productivity to the United States, creating jobs and enhancing energy security.  Processing and combustion of biodiesel, as compared to petroleum diesel, will reduce pollution and remove enormous environmental burdens from wild ecosystems as well as reducing human health hazards.  Biodiesel in the Loop will address the challenges that prevent us from realizing these benefits.

In an effort to overcome cultural barriers to biodiesel use, the curricular programs we establish will ensure that expertise needed to root biodiesel in the mainstream is transferred to many students for years to come.  The completion of Appstate BERL will create a long-term catalyst preparing the region for the widespread adoption of biodiesel.  The sophisticated lab instrumentation to be set up in our closed-loop system will allow us to contribute knowledge that when put to use will reduce the environmental impacts and fossil fuel inputs of biodiesel production. 

In order to address the feedstock shortage that prevents wider biodiesel production, our research programs will focus on oilseed crops and algae.  Our Biofuels for Farms program has already begun working with individual farm families to cultivate oilseed crops in exchange for off-road fuel.  On a larger scale, our feasibility study of algae fed on compost exhaust has potentially wide-ranging benefits.  Based on our calculations, if the technology proves feasible, a city of hundreds of thousands, centrally composting its organic wastes, could potentially produce enough oil off compost exhaust to feed a commercial scale biodiesel plant (Rynk, R., van de Kamp, M., et al, 1992, Fulford, 1988, Vunjak-Novakovic et al, 2005).  This innovative application of an emerging technology could contribute to sustainability by encouraging municipal composting, providing many local jobs, and keeping money in the local economy.  Algae are a higher yielding feedstock leaving more available land for food production while reducing petrochemical agricultural inputs.

IV.
 Measurable results, Evaluation Method, and Implementation Strategy

The goals of phase II, Biodiesel in the Loop: Outreach, Education and Research are practical and attainable because: a) they are well defined and organized in our three program areas, b) our core team has brought together the skills in faculty supervision and outside partners necessary to implement our programs and c) there is tremendous student and community support and interest in participation.  Success is defined for each program area, as are results and evaluation methods.

Education:  

Our educational programs will be successful when they generate positive student feedback and are integrated into the regular curriculum. The key measure for the data acquisition system will be the success students have in utilizing it to conduct sophisticated research. NIR-spec. results will include a comparative analysis of expected and observed reaction times for different feedstocks.  Additionally, gas chromatography will be used to evaluate success in achieving ASTM fuel specifications.   The eco-machine wastewater treatment will have its output water tested, with success resulting in its usability for continual reuse in washing.  Curricular results include the number of students undertaking course work at BERL and the number of students visiting the lab for field trips.  The biofuels course, will give at least twenty students a theoretical knowledge of transesterification, feedstocks, and a technical competence in fuel production and uses.  

Research: 

The success of our research will be measured partly by the value of our findings, and by our establishment of a long-term research program at BERL.  Reports will be web-published on processor research, oilseed crops, and the algae experiment.  For oilseed crop research, a final result will be a resource booklet for farmers in the Western North Carolina region detailing an appropriate system of production for rapeseed and sunflower.  The number of gallons of oil pressed will also be a measure of success for the Biofuels for Farms program.  For the work with compost-exhaust-fed algae, the predicted theoretical yield will be experimentally tested to quantify the variables involved.  In light of experimental results, the commercial feasibility of this technology will be examined.  Filters for removing bio-contaminants in the exhaust will also be tested.  

Outreach:  

Our outreach programs will be successful to the extent that they generate public understanding of biodiesel.  Specific results will include number of workshops, and participants, and the piloting of certificate courses.  The fuel sample distribution program will be measured by the number of participants and their satisfaction with the fuel as reflected in a survey.  We will present at least once in each local high school and college and record the number of program participants recruited, as well as the impact of our program on their curriculum. 

V. 
Integration of P3 concepts as an Educational Tool

Phase II will build on the success of phase I, to expand and deepen the educational benefit of the P3 award.  Thanks to the data acquisition system and closed-loop design the lab will offer unique educational and research opportunities.  We will maximize the educational benefit of the lab and the P3 project by developing and piloting long term programs which will be continued through the Technology Department, the Sustainable Transportation club, and the Chemistry Club.   

In response to strong student interest, a special topics course, “Introduction to Biofuels Technology” will be taught in the spring of 2007 by Dr. Jeff Ramsdell.   As has been done with other appropriate technology special topics, if this course is successful it will be added to the regular curriculum.  Excellent research opportunities for the student team include the following topics: the transesterification of various feedstocks and fuel testing, local-organic feedstock production, and algae. 

  
Beyond the P3 team, many students not directly involved, will be educated through courses, and participate in extracurricular activities. They will have a special opportunity to learn in a hands-on lab.  The following Appropriate Technology core courses will be involved in the project:  Photo-Voltaic will work on the renewable energy system, a sustainable transportation class will learn to make fuel, and Sustainable Resource Management will set up the composter and work on the eco-machine.  Courses that will use the project as a demonstration include Solar Thermal, Society and Technology, Environmental Microbiology, and Environmental Chemistry.  Extracurricular activities will include public presentations, student recruitment meetings and a presentation of results at Appalachian State University’s internal research conference. 

As discussed in previous sections, public education will also be substantial.  In phase I we successfully produced a buzz around biodiesel.  In phase II it is our intention of follow up with clear and engaging public education content.  

2. Project Schedule
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3. 
Community Partnerships

In phase I we have successfully developed the partnerships necessary to carry out the educational and research activities slated for phase II.  

We will work with seven faculty members who will either supervise or advise our work.  The partnerships are as follows:

· We will conduct research on algal photo-bioreactors with the help of Biology faculty, Dr. Venable and Dr. Connell, who have experience in lipid chemistry and culturing algae, respectively. 

· We will design and construct compost exhaust and photo-bioreactor chambers with the help of Dr. Martin, a compost expert, and his class, Sustainable Resource Management.  Dr. Martin will also donate an eight cubic yard composter. 

· We will seed and manage the eco-machine wastewater treatment system with the help of biologist, Dr. Fisk, and Dr. Martin’s Wastewater Management class.

· We will test fuel and treated wastewater with the help of chemistry professor, Dr. Allain.  Dr. Allain will also assist us in the installation and use of the Near Infrared Spectroscopy monitoring equipment.  

We will work with our community partners on our outreach, education, and research programs.  The partnerships are as follows:

· We will work with NC Cooperative Extension Agent Richard Boylan and the New River Organic Growers Association to continue research of oilseed crops.  Through the fuel sample distribution program, we will provide fuel in return for test plot acreage.  Extension Agent Boylan will help design test trials and assess the economic feasibility of these alternative seed crops.  

· We will work with the Boone based High Country Biofuels Cooperative to develop the market for biodiesel blends for use in home heating systems.  Specifically, the Cooperative will help to identify individual low-income families to whom we will provide biodiesel for their heating needs.     

· We will work with Leif Forer from Piedmont Biofuels Cooperative to develop university curriculum and certificate courses.  At our biofuels education symposium, he will share his substantial experience in the field of renewable fuels technology.  Piedmont Biofuels shares our interest in closed-loop design.  We look forward to collaborating with them on applying our research results from the study of closed-loop approaches to the one-million gallon/year commercial biodiesel production facility they are building.

· In conducting our algae experiment, we will take advantage of the expertise offered by Greenfuel, Inc. founder Dr. Isaac Berzin, a pioneer of CO2 fed photo-bioreactors.  He has offered us periodic consultations, and will connect our team with other researchers working on this technology with whom we can cooperate.

Taken together, these partnerships will put Biodiesel in the Loop.   
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