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Executive Summary

Valley 25x’25 was created to promote renewable energy and energy efficiency in the
Shenandoah Valley. Taking our name from the U.S. government’s stated goal of 25 percent
renewable energy by the year 2025, and from the national 25x’25 renewable energy advocacy
organization, Valley 25x’25 seeks to support sensible renewable energy implementation and
research in the Shenandoah Valley. Housed at James Madison University (JMU), Valley 25x’25
has primarily focused its efforts in the central Shenandoah Valley, though its impacts have
occasionally had a broader reach throughout the Valley, the Commonwealth of Virginia, and
beyond.

In 2009, Valley 25x°25 received a federal appropriation to help advance its mission and
to establish itself as an East Coast demonstration area for how the U.S. can achieve the 25
percent renewable energy by 2025 goal. During the subsequent four years, the Valley 25x°25
team has worked in a variety of contexts to help promote this goal and to foster research and
outreach associated with renewable energy and energy efficiency. Though we are still well short
of our 25 percent goal, our efforts and our careful use of federal funding has contributed to a
wide variety of worthy projects that are detailed in this report.

In the area of project implementation, Valley 25x’25 focused on pilot, university-based
projects, since it would not have been appropriate to funnel federal monies to underwrite private
projects. Among the notable pilot projects is a biochar installation at a local farm, which will
help to produce energy, increase agricultural productivity, and sequester carbon. This
technology is a promising one, and a JMU faculty member is involving students in studying the
design, use, and implementation of biochar systems, with a special interest in poultry litter as a
potential fuel source.

Much of the work that Valley 25x’25 supported focuses on applied research and studies
of implementation. For example, one mini-grant recipient looked at the actual (comparison to
advertised) performance of electric vehicles. One of the Valley 25x’25 leaders, Dr. Chris
Bachmann, worked with a student to assist a VValley company seeking to improve the efficiency
of diesel engines using a novel water-injection technology for diesel engines aimed at reducing
emissions and increasing fuel economy. Here, Valley 25x’25 has provided a key role of serving
as a neutral party examining the validity of the claims made by the developer of the technology.

Valley 25x°25 has also provided funding for a wide range of more research-based
projects that explore short-term and long-term technologies for renewable energy. For example,
we provided funding to Green Impact, a group seeking to advance energy efficiency through the
implementation of a web- and mobile-device-based application for doing a basic home or
business energy use evaluation (audit), which is currently in use. Longer-term projects have
included the exploration of algae for use in the production of diesel fuel, research into the use of
solar energy for hydrogen fuel production, and the exploration of non-battery energy-storage
devices for home-scale use. The vast majority of these projects have included students or former
students as active participants, which contributes to the long-term impact of the projects.



Finally, much of Valley 25x’25’s activities have been in the area of outreach and
community partnerships. Members of the Valley25x’25 team have attended numerous
community events over the past four years, including energy- or sustainability-related events, but
also extending to events that appeal broadly to the general public. Of particular note is a forum
on poultry-litter-to-energy systems that Valley 25x°25 organized and hosted in February 2012.
The event, which drew over 125 attendees, featured representatives from different companies
selling such systems, political leaders, and farmers with knowledge of and experience with these
technologies. We also built a website containing useful information about renewable energy
issues and topics with a special focus on topics of interest to Valley residents,
www.valley25x25.0rg. Finally, Valley 25x’25 was a founding member and early leader of the
Harrisonburg Rockingham Green Network, an affiliation of sustainability-focused organizations
that continues to be actively involved with renewable energy issues in the central Shenandoah
Valley.

The Valley still has a long way to go to reach 25 percent renewable energy, and it will be
a serious challenge to do so by 2025. This is particularly true given the substantial drop in oil
and natural gas prices during the past few years, which makes the position of renewables even
more challenging, especially in an area like the Shenandoah Valley in which most consumers
value the financial bottom line over long-term environmental issues. Yet the federal funding
helped Valley 25x’25 to make some important progress in promoting renewable energy along
with energy efficiency in the region, and in performing valuable research on small-scale,
innovative energy projects with both short-term and long-term development horizons.


http://www.valley25x25.org/

Background

Led by James Madison University, Valley 25x’25 promotes using a diverse energy
portfolio to achieve the goal of 25 percent renewable energy by 2025, including renewables like
wind, biomass, solar, and geothermal. A primary emphasis is energy efficiency, which offers the
best opportunities to decrease the use and impact of non-renewable energy sources. Endorsed by
the national 25x’25 organization, Valley 25x’25 serves as an East Coast Demonstration Project,
and as such, partners with regional businesses, local and state governments, institutions of higher
education, and K-12 schools to explore how Valley resources can contribute to the development
of innovative energy solutions.

A central goal of Valley 25x’25 is to educate and inform Valley residents about
renewable energy opportunities. Other goals include advocacy for policies that incentivize and
enable renewable energy projects and for streamlining local and state ordinances, building codes,
and regulations to facilitate more rapid introduction of new technologies. Encouraging public
acceptance and adoption of sensible and environmentally sustainable renewable energy
technologies is the single most important contribution we can make toward the long-term
prosperity of the region and country.

Participants

Kenneth Newbold, PI, JMU Director of Research and Innovation

Chris Bachmann, Co-PI, JIMU Associate Professor of Integrated Science and Technology
Jeffrey Tang, Co-Pl, JMU Associate Dean of the College of Integrated Science and Engineering
Benjamin Delp, JMU Associate Director of Research Development

Ryan Cornett, Outreach Coordinator, Virginia Clean Cities

Becky Rohlf, Fiscal Technician, JMU Office of Research and Scholarship

Craig Honeycutt, Valley 25x’25 Outreach Coordinator

Nathan Miller, Valley 25x’25 Research Assistant

Elise Lintelman, Valley 25x’25 Research Assistant

Garrett Stern, Valley 25x°25 Research Assistant

Sallie Drumheller, Print Production Assistant, JMU Office of Research and Scholarship

Obijectives

e To leverage current grant activities and products with related university capabilities and
programs to seed faculty research projects in transportation, energy efficiency,
sustainable buildings, and energy production;

e To partner with local farmers, businesses, entrepreneurs, etc. on energy projects that
address the four above mentioned focus areas;

e To implement a robust outreach program with the community to educate the citizens of
the Shenandoah Valley on renewable energy strategies and policies that are economically
viable and environmentally sustainable;

e To create an information clearinghouse on renewable energy and energy efficiency
funding opportunities, news, permits, legislation, events, and other useful information to
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assist Valley residents in transitioning to the green economy and green lifestyles through
a website; and

To produce data that will allow Valley 25x’25 to better understand the challenges to
reach the 25 percent goal well in advance of the deadline, and provide replicability for
other regions.



Research

Internal Request for Proposals

In order to spur alternative and renewable energy research at host institution James
Madison University, the Valley 25x°25 team released a request for proposals (RFP) for IMU
faculty and students in 2011 and 2012. Awarded projects consisted of faculty-student teams,
addressed a variety of topics and challenges, and emphasized interdisciplinary collaboration.
Ten of the following research projects were funded as a result of the RFP.

Long-term Research

Achieving the 25 percent renewable energy goal will require a strategy employing
multiple energy generation technologies and energy saving practices. With continued
development and increases in the global population, new advances in renewable energy systems
will need to occur to meet increasing demand. In a single minute, enough solar energy strikes
our planet to power the mechanized world for an entire year — but at present we are unable to
capitalize on this resource. Clearly, solar energy presents the most promising long-term solution
for providing abundant, affordable energy for generations to come, but current solar energy
collection and storage are inadequate. As part of the Valley 25x’25 research arm, several long-
term endeavors have been initiated to help advance both energy collection and storage. All of
these research areas have tremendous potential to provide clean, renewable energy well beyond
the exhaustion of conventional fossil fuels. (Full reports can be found in the appendix.)

A Tool to Assess the Sustainability of Poultry Litter to Energy Systems
Adebayo Ogundipe, Assistant Professor of Engineering

Materials for Solar Hydrogen Production and Next-Generation Photovoltaic Cells

S. Keith Holland, Assistant Professor of Engineering
David Lawrence, Professor Emeritus of Integrated Science and Technology

Two-Phase Energy System

Jacquelyn Nagel, Assistant Professor of Engineering
Student: J. Ben Condro

Short-term Research

Although it is not possible to make an immediate transition and displace fossil fuel
consumption with renewable energy on a massive scale, there are many opportunities to reduce
consumption and implement renewables on a smaller, local scale. As part of the Valley 25x’25
implementation and demonstration component, several of these strategies have been undertaken
to show the public that there are technologies that exist now that can move society towards a
cleaner energy future. (Full reports can be found in the appendix.)



A System Dynamics Analysis of the growth in Virginia’s Residential Electricity
Consumption trends, 1980-2010

Michael Deaton, Professor of Integrated Science and Technology
Student: Raguram Sellakkannu

Algae: Tomorrow’s Bio-fuel

Chris Bachmann, Associate Professor of Integrated Science and Technology
Students: Caleb Talbot and Premal Patel

Assessing the Practicality of Implementing a Nutrient Trading Program in the
Shenandoah Valley

Jeff Tang, Associate Dean of the College of Integrated Science and Engineering
Student: James Sheats

Biodiesel Research and Development
Chris Bachmann, Associate Professor of Integrated Science and Technology
Students: Bernard Newman, Scott Teigeler, and Jeffrey Wiggins

Biodiesel Safety and Recommendations, Procedure Manual, and ASTM Biodiesel
Standard Testing Analysis

Chris Bachmann, Associate Professor of Integrated Science and Technology
Student: Parker Helble

Construction and Implementation of a Pyrolysis Unit for the Production of Biochar in a
Sustainable Greenhouse Heating System

Wayne Teel, Professor of Integrated Science and Technology
Students: Amanda Martindale, Dorottya Spolarics, Julianne Decker, and Marlee Winnick

Development and Implementation of an On-Campus GPS Bike Sharing Program
Anthony Teate, Professor of Integrated Science and Technology

Education and Engaging Local Organizations, Community Members, and University
Students through an Energy Efficiency and Sustainable Buildings Community Outreach
Program

Carol Hamilton, Lecturer of Management
Students: Daniel Hill and Dave Hussey

Electric Vehicle Energy Usage Modeling, Simulation, and Testing for Range Estimation

Robert Prins, Associate Professor of Engineering
Students: Lee Winslow and Robbie Hurlbrink

Preliminary Performance Analysis of NONOx Water Fuel Emulsion Device

Chris Bachmann, Associate Professor of Integrated Science and Technology
Student: Joseph Crosbie



Researching and Implementing a Policy to Promote Sustainable Energy in Virginia

Jeff Tang, Associate Dean of the College of Integrated Science and Engineering
Student: Ryan Ramirez

Reducing the Cost of Biodiesel Production in the Shenandoah Valley

Chris Bachmann, Associate Professor of Integrated Science and Technology
Students: Jonathan Hawkins and Jason McNamara

Renewable Electric Conversion and Demonstration Project
Alleyn Harned, Executive Director of Virginia Clean Cities

Valley Geothermal Project

Tony Hartshorn, Assistant Professor of Geology and Environmental Science
Students: Jeremiah Vallotton, Fernando Perez, and Elizabeth Weisbrot

Publications

No Silver Bullet: Options and Challenges in Energy for Transportation
The CIP Report, George Mason University

Jeff Tang, Associate Dean of the College of Integrated Science and Engineering
Chris Bachmann, Associate Professor of Integrated Science and Technology

Distributed Energy Resources (DER) to Mitigate Energy Sector Vulnerabilities
The CIP Report, George Mason University

Ben Delp, Associate Director of Research Development
Nathan Miller, Valley 25x’25 Research Assistant

Oil and Gas Boom and the Future of Energy in the United States
The CIP Report, George Mason University
Jeff Tang, Associate Dean of the College of Integrated Science and Engineering

Capturing Heat from a Batch Biochar Production System for Use in Greenhouses and
Hoop Houses
Journal of Agricultural Science and Technology

Wayne Teel, Professor of Integrated Science and Technology

Research Reviews

Valley 25x°25 held Research Reviews on October 10, 2011, and October 24, 2012, in
order to showcase the research generated during the summer of 2011 and 2012 to members of the
campus and local community. The 2011 event featured 12 presentations of Valley 25x’25-
funded projects. More than 50 participants from across the university attended the event, which
was featured in both the school and local newspapers. The 2012 event drew more than 60




participants from across the university, as well as community members interested in energy and
sustainability research at JIMU. (Full programs can be found in the appendix.)



Academics

Curriculum Development

Integrated Science and Technology 480/580: Renewable Energy for the Shenandoah
Valley

This course provides students with an understanding of energy consumption, use, generation,
and economics for transportation fuels, and electrical power from both traditional and
renewable energy sources. It introduces students to the thermodynamics of power
generation, land use, regional development and planning, and carbon accounting for current
technology and generation processes. Students will also be actively engaged in evaluating
how the Shenandoah Valley region could generate 25 percent of its energy needs by 2025, by
defining the scope of area; evaluating social, political, and land use areas; examining current
technology availability, costs, and practicality. The emphasis is on determining a sustainable
and appropriate paradigm that would allow the Shenandoah Valley region to meet or exceed
the goals of Valley 25x’25, with respect to balancing current social, political, and
technological constraints. The course provides a medium to introduce basic knowledge and
allow students to use critical thinking skills in a team format to develop problem scope,
evaluate pros and cons of potential solutions, and develop an integrated plan for
implementation. Lectures will introduce topics and methods of application, and often
incorporate outside speakers from industry. Several optional field trips to project locations
will be offered. (Mid-term report can be found in the appendix.)

Lectures

Virginia Tech Cooperative Extension Public Education Class (2009)
Evening course on how to make biodiesel with lab-style hands-on demonstrations.

JMU Institute for Stewardship of the Natural World Continuing Education Course (2009)
Lecture on greening your car.

Peak View Elementary School (2009)
Lecture on alternative fuels.

Institute of Electrical and Electronics Engineers JMU Student Chapter (2010)
Guest lecture.

JMU Honors Program Special Lecture (2010)

Presentation to students residing in the Honors Dormitory: What you can do to be more
energy efficient.

JMU History of the Automobile class (2010)
Guest lecture.



Public Policy Master’s Program (2011)
Guest lecturer on ethanol policy during brown-bag lunch seminar series.

Harrisonburg High Governor’s School STEMinar Series (2013)

Presented at the Harrisonburg High Governor's School STEMinar kick-off, an event designed
to motivate middle school students to pursue studies in STEM fields.

JMU Lifelong Learning Institute (2013)
Delivered lecture on Valley 25x’25 program.

Senior Capstone Projects

SuperMileage Vehicle (2010)
Students: David Roy, JT Danko, Danny Yeh, Ben Akiyama

BioHydrogen Production and Hydrogen Vehicles (2010)

Students: Dan Attard, Andrew Spurr, Taylor Moellers, Dan Knox, Ellis Gore, and Vincent
Zampelli

Electric Vehicle Conversion (2011)
Students: Drew Loso, Justin Stevens, John Bucci, Nick Kerschl, and Timmy Austen

Understanding Urban Growth, In-fill, and other Smart-growth Strategies (2011)
Student: Gareth Herman

American Motorcycle, American Fuel Project (2012)

Students: Josh Magura, Jared Roberts, Tim Teague, Billy Copely, Kyle Clerico, Taylor
Balac, Brady Allen, Brandon Greene, and Robert Rominaw

Solid-phase Catalyst for Biodiesel Production (2012)
Students: Scott Teigeler, Jeff Wiggins, and Bernard Newman

Algae-based Biofuels (2012)
Students: Jackson Adolph and Mike DePaola

Biodiesel Gas Chromatography (2013)
Students: Jon Hawkins and Jason McNamara

Evaluation of Water/Fuel Emulsion System (2013)
Student: Joe Crosbie

Novel Strategy for Extracting Algae-Oil from Seawater (2013)

Students: Caleb Talbot, Premal Patel, Sarah Gibson, Kerrianne Bertolino, Remy Biron, and
Britton Cocke

10



Assessing the Practicality of Implementing a Nutrient Trading Program in the
Shenandoah Valley (2013)

Student: James Sheats
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Outreach, Service, and Engagement

Conferences and Professional Events

Commonwealth of Virginia Energy Symposium (2009)

Oral Presentation and Session Moderator
Chris Bachmann, Associate Professor of Integrated Science and Technology

Virginia Renewable Energy Conference (VAREC) (2009)
Participant

25x°25 National Summit (2009 and 2010)
Participant

Valley 25x’25: Sustaining and Creating Green Economy in the Shenandoah Valley (2010)

Presentation
Jeff Tang, Associate Dean of the College of Integrated Science and Technology

Environment Virginia, Lexington, VA (2010, 2011, 2012, 2013)
Booth Exhibitor

Harley-Davidson/MillerCoors Partnership for Alternative Fuel Engine Optimization
Students: Josh Magura, Jared Roberts, Tim Teague

Reducing Environmental Impact Through Innovative Biodiesel Research, Development, and
Implementation
Students: Jeff Wiggins and Scott Teigeler

Algae-based Biofuels: Turning a Problem into a Solution
Students: Jackson Adolph and Mike DePaola

Performance Evaluation of Water/Fuel Emulsion Device
Student: Joe Croshie

Reducing the Cost of Biodiesel Production in the Shenandoah Valley
Students: Jon Hawkins and Jason McNamara

Novel Harvesting Strategies for Algae-based Biofuels
Student: Caleb Talbot

Governor’s Conference on Energy (2010, 2011, 2012)
Booth Exhibitor

Advisory Committee Member
Chris Bachmann, Associate Professor of Integrated Science and Technology

VA Statewide Wind Energy Symposium (2010 and 2012)
Participant
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Virginia Biodiesel Conference (2010 and 2012)

Planning Committee Member
Chris Bachmann, Associate Professor of Integrated Science and Technology

Virginia Higher Education Energy Initiative Meeting (2010)

Keynote Speaker
Chris Bachmann, Associate Professor of Integrated Science and Technology

Project “Get Ready” (2010)
Participant

UVA ACORE Sustainable Ways to Community Prosperity (2011)
Participant

Suter Science Symposium (2011)

Presenter
Chris Bachmann, Associate Professor of Integrated Science and Technology

Virginia Rural Summit (2011)

Discussion Leader
Chris Bachmann, Associate Professor of Integrated Science and Technology

9™ Annual International Conference on Heat Transfer, Fluid Dynamics, and
Thermodynamics (2012)

Experimental Investigation of Hydrogen Enhanced Combustion in SI and CI Engines on
Performance and Emissions
Students: D. Zammit, M. Farrugia, C. Bachmann, and R. Ghirlando (winner of “Best Paper’”)

Virginia Kid Wind Energy Challenge (2012)
Participant

Southern Bioenergy Conference (2012 and 2013)
Participant

VCU Energy and Sustainability Conference (2013)

Performance Evaluation of Water/Fuel Emulsion Device
Student: Joe Croshie

Reducing the Cost of Biodiesel Production in the Shenandoah Valley
Students: Jon Hawkins and Jason McNamara

Novel Harvesting Strategies for Algae-based Biofuels
Student: Caleb Talbot

JMU Cycle Share
Student: Jonathan Blair
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GSCI 101: The Energy Challenge
Students: Lindsay Nguyen, Daniel Fishman, Brandon Walraven, and James Will

Two-Phase Energy System
Students: Jack Cochran and Eric Leaman

Sustainability Assessment Software
Students: Sara Bethel, Emily Cummins, Paulina Hoang, Charles Ohrnberger, and Zurisadai
Pena

Converting Waste Cooking Oil into Biodiesel
Students: Danny Vargas, Valerie Wade, Parker Helble, Nate Collins, and Rekan Mirawdaly

Food Day at JIMU
Student: Laura Lorenz

Community Events - Hosted

25x’25 VA State Alliance Meeting (June 10, 2009)

During the summer of 2009, JMU convened a meeting of representatives from a wide range
of interests who shared a common concern for promoting renewable energy and energy
efficiency. With over 50 attendees, this was an early effort to form a state-level 25x’25
organization in the Commonwealth of Virginia. This meeting included much open-ended
discussion, in addition to brief presentations by JMU faculty and administrators and a
representative from the national 25x’25 organization.

Poultry Litter to Energy Discussion (February 28, 2012)

This discussion featured a panel of poultry litter-to-energy technology providers, as well as a
panel with various stakeholders from the area. The goal of the event was to provide
participants with a deeper understanding of the issues involved in utilizing poultry litter as an
energy source.

Shenandoah Sustainability Summit (April 23, 2010)

Valley 25x°25 was the primary sponsor of the third sustainability summit held in
Harrisonburg, Virginia. Building on the previous two summits, this event used a World Cafe
format to facilitate open discussion for the more than 100 participants. Featuring discussions
on a wide variety of topics of local interest, one notable and tangible product of the meeting
was an effort to coordinate efforts among local sustainability organizations, which eventually
coalesced as the Harrisonburg Rockingham Green Network.

Northend Greenway Discussion (May 17, 2012)

Valley 25x’25 convened a meeting between representatives of the Northend Greenway
project in Harrisonburg and interested members of JMU’s faculty and staff. The project
focuses on creating a greenway for pedestrian and bicycle transportation and recreational use.
As a consequence of the meeting, several JIMU faculty and staff members have become
actively involved with the Northend Greenway.
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Community Events - Participated

Governor’s Energy Project Recruitment Task Force (2009)

Special task force designated by Tim Kaine for the Virginia Economic Development
Program (VEDP) to recruit energy companies to Virginia.

Rockingham County Fair (2009)
Alternative fuel vehicle display tent.

WVPT Kids’ Book Festival (2011, 2012, 2013)

The WVPT Kids’ Books Festival is an annual family event that celebrates the joy of reading.
The event is filled with games, activities, entertainment, and various displays and
demonstrations. Valley 25x°25 coordinated demonstration projects and displays from James
Madison University’s renewable and alternative energy programs.

Odyssey Day (2010 and 2012)

National Alternative Fuel Vehicle (AFV) Odyssey Day is a biennial event dedicated to
promoting cleaner choices in transportation. The day is comprised of numerous green
transportation-related events coordinated and hosted by NAFTC members, Clean Cities
Coalitions, and others who believe in cleaner, more energy efficient forms of transportation.
These local events take place on a designated date every other year throughout the U.S. and
in Canada. Each local event site offers unique activities designed to educate attendees about
cleaner transportation technologies and is tailored to the specific needs of the site’s given
audience. Examples of activities provided at the Valley 25x’25 sponsored event included:
ride-and-drives, vehicle displays, workshops, demonstrations, panel discussions, and
automotive lab tours.

JMU Bridges Program (2010)
The JMU Alternative Fuel Vehicle Lab provided demonstrations to students.

Virginia Insight (2010 and 2012)
Discussed alternative fuels on Virginia Public Radio.

USDA Forum on Biofuels (2010)
Invited as attendee and discussion leader.

Middle School Leadership Program at JMU (2011)

Hosted middle-school students from across the Commonwealth to encourage the next
generation of students to engage with Science, Technology, Engineering, and Mathematics,
so that they can develop the innovations needed to make clean, renewable energy solutions
affordable and reliable.

August County Board of Supervisors and Planning Committee (2011)
Provided testimony about methane digester potential in Augusta County.
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Rockingham County Board of Supervisors (2011)

Participated in a tour of Dominion’s Mt. Storm wind and coal energy production facility, and
facilitated discussions for expanding wind energy in Rockingham County.

Massanutten Rotary Club (2011)
Guest speaker.

Harrisonburg Rotary Club (2011)
Guest speaker.

Broadway 4-H Club (2012)
Guest speaker.

Massanutten Regional Libraries (2012)

Delivered “Awesome Inventors — and the importance of pursuing Science and Mathematics”
lecture.

Harrisonburg Green Expo (2012)

Participated in an expo for sustainability-related businesses and organizations at Eastern
Mennonite University. In addition to informing members of the public about energy
efficiency and renewable energy options, it was an opportunity to network with others in the
area who are committed to these issues.

Partnerships

Central Shenandoah Planning District Commission (CSPDC)

Valley 25x°25 partnered with the CSPDC on a collaborative grant proposal in response to a
request for proposals through the Recovery Act: Energy Efficiency and Conservation Block
Grants: Topic Area 2: The General Innovation Fund for Formula-Ineligible Local
Governments and Formula-Ineligible Tribes. The proposal included three primary
objectives: energy audits of public buildings and facilities; implementation of energy audit
recommendations; and education, outreach, and training programs. This partnership also
included collaboration on the successful implementation of the Fields of Gold initiative,
which focuses on promoting agritourism in the Shenandoah Valley and is hosted by the
CSPDC.

Firestone Complete Autocare

Valley 25x°25 has partnered with the local Firestone Complete Autocare store to offer
multiple tire pressure awareness events for students, faculty, and members of the community.
In addition to a free tire pressure check-up, participants received a short tutorial on tips to
improve vehicle fuel economy. Ensuring tires are properly inflated is a cost-effective way to
increase energy efficiency, as the EPA estimates a three percent decrease in fuel economy for
every one psi of underinflation in all four tires.
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Miller-Coors

Consulted with local brewery operations to discuss energy efficiency and renewable energy
implementation options. This partnership is ongoing. Thermal imaging was used to quantify
energy losses in un-insulated piping used in the brewing process. Economic analysis and
overall cost-benefit comparison will be presented, and future plans include re-evaluating the
thermodynamic model with new data taken after the installation of insulation around the
piping is complete.

Wholesome Energy

Exhaust emissions from internal combustion engines have been gaining increased attention
as a significant source of environmental pollution. Water-injection has been put forward as a
means of reducing exhaust emissions, especially in diesel engines, but has required extensive
engine modifications and comes with high installation costs. The purpose of this study was
to evaluate the effectiveness of a novel device being marketed by Wholesome Energy of
Edinburgh, VA, which claims to reduce emissions and fuel consumption by emulsifying
water into vehicle fuel just prior to the injection system. The water-fuel emulsifying device
was installed on a 2003 Mack CX600 tractor-trailer cab and tested on a Taylor water-brake
dynomometer operating at 192 horsepower at 60 mph. Ten trials with water emulsion were
compared to ten trials on straight diesel fuel. Particulate matter was reduced 50 percent
(opacity and mass, p<0.001) and CO fell by 48 percent (p<0.001). These results indicate
that significant environmental benefits could be achieved by using this device on diesel
engines. Further tests using a gasoline-powered engine are currently underway to provide
more conclusive results regarding fuel consumption and a full range of exhaust gas
emissions, particularly nitrogen oxides (NOx). The device is easy to install and does not
require significant engine modifications. It is also easily scalable. The device recently won
an international competition against 60 entries from 16 countries because of its ability to
reduce environmental pollution in marine vehicles, trucks, trains, construction equipment and
any other application employing an internal combustion engine. The Virginia-based
company will continue tests with JMU to investigate potential fuel savings and engine
efficiency improvements.

The Wholesome Energy partnership expanded in 2012 to include modifying their water/fuel
emulsion device for a different application: harvesting natural oils from algae in seawater.
This novel approach to harvesting algae-oil without the energy-intensive dewatering step was
first tried in August 2012 at JIMU’s Alternative Fuel VVehicle Lab. After several months of
testing it was confirmed that the process was successful in purifying highly saturated lipids
from aquatic species. The oil that was returned had comparable energy densities to diesel
fuel. The partnership continues to investigate this novel algae-oil harvesting strategy and a
potential patent disclosure is being pursued.

Shenandoah Agricultural Products

Valley 25x°25 initiated a partnership with Shenandoah Agricultural Products (Shen Ag) to
help with their small-scale startup biodiesel operation. The goal of Shen. Ag was to provide
a complete vegetable oil cycle that includes: supporting farmers in the growing of the
feedstock crop, extracting the oil and protein meal, selling the oil to local restaurants,
reclaiming the waste cooking oil, converting the waste oil into usable off-road biodiesel, and
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selling the finished bio-fuel back to local farmers. Valley 25x°25 supported basic scientific
consultations about the process and provided funding to support an undergraduate summer
internship at the Shen. Ag. facility. The student’s task was to develop Standard Operating
Procedures (SOP’s) and safety documentation for the operation of the biodiesel reactor. In
addition, the student suggested and implemented several in-house quality control measures.
Stone Hill Construction (largest builder of agricultural facilities in the Shenandoah Valley)
consulted to discuss on-farm solar and on-farm methane applications.

Virginia Clean Cities (VSBN)

A strategic partner of James Madison University, Virginia Clean Cities (VCC) assists the
Commonwealth of Virginia improve air quality, increase U.S. national energy security, and
promote economic, academic, and research opportunities in Virginia, primarily by promoting
and facilitating increased use of alternative fuels and vehicles. The focus on transportation
energy issues makes VCC a natural partner for Valley 25x’25.

Virginia Sustainable Building Network (VSBN)

Jeff Tang was one of two presenters to discuss the novel approach of the Harrisonburg
Rockingham Green Network at the VSBN annual meeting in 2012. Approximately 50
attendees heard the presentation. As a supporter of building healthy, energy-efficient,
environmentally friendly buildings, and sustainable communities, VSBN’s goals align with
those of Valley 25x’25.

Fibrowatt

Valley 25x°25 has periodically facilitated discussions between Fibrowatt (who specializes in
the combustion of poultry litter to produce energy) and various local people and entities.
Fibrowatt has been interested in locating a plant in the central Shenandoah Valley, and
Valley 25x°25 has served as an impartial agent to share information about the various litter-
to-energy approaches, including Fibrowatt’s combustion system.
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Legacy/Impact

Harrisonburg Rockingham Green Network (HRGN)

The Harrisonburg Rockingham Green Network was founded in 2011 as a network of
sustainability-related organizations with the intention of better event coordination through a
shared calendar (which is still operating at our website, www.hrgn.org) and a way to come
together for political action on local issues of common interest to the various member
organizations. Valley 25x°25 was not only a founding member, it also played an important
role in organizing initial discussions before HRGN officially formed and in providing
technical assistance once it was created. Jeff Tang has been the chair of HRGN since its
creation.

Energy 101 Course

With an aim for moving beyond the theoretical into practice-focused education, Energy 101
IS a course that introduces students with non-technical backgrounds to the basics of energy
consumption in their everyday lives. A key component of the course is showing students
how they can substantially reduce their energy usage without compromising their quality of
life. The course is also unique in that it is completely student-led — it is a course for students
taught by other students at IMU.

E-bike Libraries

Valley 25x°25 has been working to promote and locate funding for an electric-bike library
for IMU students. The idea is that the hilly terrain on and around campus deters many
would-be cyclists, and that e-bikes can be a great way to take some of the strain out of
cycling on such a hilly campus. In addition, Valley 25x°25 has contributed to the purchase of
four e-bikes for faculty and staff use so far, and a student project is currently studying
attitudes and usage of e-bikes in a couple different application areas around campus.

Algae Research

The novel approach to harvesting algae-oil without the energy-intensive dewatering step
continues at JMU’s Alternative Fuel Vehicle Lab. Currently, eight undergraduate students
are cultivating several algae strains for evaluation in the harvester. Two of the students are
focusing on optimizing the process that was confirmed to yield highly saturated lipids with
comparable energy densities to diesel fuel. One student is focusing on the design and
implementation of a solvent recovery system to further improve the overall efficiency of the
process. And a separate student is investigating the potential for the residual biomass derived
in the process to be used as an animal feed. A potential patent disclosure is being pursued by
JMU’s Office of Technology Transfer.

Physics Follow-on Funding from NSF

After receiving initial seed funding from Valley 25x°25, Dr. Costel Constantin of JMU’s
Physics Department has continued to pursue his research on the thermoelectric properties of
manganese oxide nanoparticles that could potentially be used for turning waste heat energy
into electricity. He has since received NSF funding for this work.
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Biochar Research

Professors in JMU’s College of Integrated Science and Engineering have established a
research program on biochar—fine-grained, highly porous charcoal made from a variety of
biomass sources by a process known as pyrolysis—as a soil amendment for local farms.
Valley 25x’25 provided funding for the necessary supplies to build the biochar units, and one
such unit is sited at Joel Salatin’s Polyface Farm in Swoope, VA. Faculty and students have
since published and presented their findings.

NoNox Research

The water/fuel emulsification system that was evaluated with the financial and technical
support of Valley 25x’25 is still under investigation. Preliminary testing showed a
significant reduction in harmful emissions without a significant impact on fuel consumption.
This year’s current study is focusing on optimizing the water/fuel emulsion system to see if
there is the potential to reduce fuel consumption in addition to reducing harmful exhaust
emissions. The device was installed on a Wallenius Wilhelmson shipping vessel leaving port
in Singapore to travel to the United States. The ship, a new generation Mark IV RoRo, is an
8-deck transport vessel capable of carrying 5310 cars. JMU undergraduate student Jackson
Snarr joined the vessel in Washington State and sailed down the west coast, through the
Panama Canal, and up the east coast stopping at ports along the way. Data from the ships
central computer was matched with exhaust emission data from external monitors to account
for variations in engine load, wind speed, and ocean currents, while tracking specific fuel
consumption and exhaust gas generation. Data are still being analyzed; but preliminary
results showed an average fuel savings of 1.6 percent. Additional testing in a 2003 Mack
CX600 tractor-trailer is being conducted in a controlled environment using a chassis
dynomometer. Executives from Wallenius Wilhelmson met with JMU faculty and expressed
a desire to continue testing the device in their shipping fleet and expanding the discussion to
include other exhaust gas scrubbing equipment currently under consideration.

Valley 25x’25 Website

Valley 25x°25 produced a high-quality website covering a wide range of topics related to
energy efficiency and renewable energy in the Shenandoah Valley. Featuring blogs and
news articles in addition to more static content, the website is a valuable resource for
community members who want to know more about options for adopting a more sustainable
way of living with respect to energy. One challenge for the site has been to maintain fresh
content, especially with the expiration of funding and a change in jobs for the website’s
primary architect and content provider.
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Conclusion

The Valley 25x°25 research and implementation effort produced a broad range of
valuable experiences to increase awareness and promote the implementation of renewable energy
strategies in pursuit of the national goal of achieving 25 percent renewable energy by the year
2025. It also yielded valuable insight into the challenges facing renewable energy
implementation. It was found that many energy efficiency improvement strategies are
economically viable and effective in reducing energy consumption over the long-term.

However, current renewable energy strategies are challenging, as most are not cost-competitive
compared to traditional energy resources. This is due (to a large extent) to a reduction in
traditional energy costs over the past five years.

During the course of this project, significant developments in the oil and gas industry
significantly increased proven reserves and dramatically altered price structures on a global
scale. The success of hydraulic fracturing has greatly improved domestic energy security and
resulted in excess production that continues to cause price reductions. These economic factors
play a tremendous role in personal and business decisions regarding energy efficiency and
renewable energy implementation. For example, gasoline prices in 2008 topped $4 per gallon
with projections estimating further increases in coming years. This prompted a change in
consumer demand and vehicles purchased, and was a common topic in the media. In 2013,
gasoline prices dropped below $3 per gallon, resulting in a waning of public interest in
alternative fuels. Natural gas prices peaked at $15 per MMBtu in 2008, compared to only $3.50
per MMBTtu in 2013. This marked expansion in the natural gas industry has prompted many
decision makers to reconsider previous renewable energy projects that seemed economically
viable at the start of the Valley 25x’25 effort.

While this new abundant resource is highly valuable for energy security, it does little to
resolve concerns over climate change. In 2013, the Intergovernmental Panel on Climate Change
(IPCC) released its Fifth Assessment Report (AR5), which reported that the atmosphere and
oceans have warmed unequivocally, and that sea levels have risen faster than previous models
predicted. It concluded by stating that it is extremely likely that human influence has been the
dominant factor for these measured changes, and that continued emissions will cause further
changes in all components of the global climate system. In the meantime, China’s economic
growth continues at rates above seven percent, the International Energy Association predicts
continued increases in energy consumption through 2030, and ExxonMobil predicts a 65 percent
increase in energy consumption in developing nations by 2040. All of this will result in dramatic
impacts on human populations if renewable energy and energy efficiency measures are not
implemented. As noted by supporters of 25x’25—everyone is an environmentalist if it saves
money, but not many are willing to take action if additional costs are incurred. Government
assistance can help bridge the gap, but renewable energy cannot be permanently supported by
government subsidies.

In conclusion, significant technical advances are needed to reduce the cost of renewable
energy generation and distribution for both liquid fuels and electricity. Wide-spread
implementation of clean, renewable energy will only happen in the United States if these energy
options are cost-competitive compared to conventional systems and able to survive in a free
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market system. If these renewable energy options can be improved to provide the same level of
performance as traditional fuels (reliable, consistent, and abundant delivery) without the
consequent pollution and environmental impact and at the same cost, then it is very likely that
the public will embrace these alternatives and widespread adoption and implementation will take

place.
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