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Annotated Bibliography  

A comprehensive technological review was conducted highlighting innovative and readily reproducible 
methods and procedures for incorporating wind and solar power sources in transportation 
infrastructure.  Due to the numerous information sources, an annotated bibliography of relevant and 
ongoing research was prepared.  The annotated bibliography reviewed sources pertaining to solar and 
wind resource assessment, research, applications, analysis software, standards and certifications, and 
independent organizations.   

 
Solar 

Solar Resource Assessment Products 
 
Source Name: 3TIER 
URL: http://www.3tier.com/en/ 

3TIER provides a first-in-class suite for solar and wind assessments that provides utility scale developers 
a higher degree of certainty in the availability of solar and wind resources, and a more complete picture 
of the production potential for a project. This site, which is subscription based, provides a 10+ year 
irradiance dataset calibrated to observational data if available, and includes wind and temperature 
climatology to give developers a comprehensive, long-term outlook for their operating environment. 
 
Source Name: NASA Surface meteorology and Solar Energy 
URL: http://eosweb.larc.nasa.gov/cgi-bin/sse/grid.cgi?uid=3030 

This site is managed by NASA’s atmospheric center and includes a variety of solar based insolation data 
that can assist in designing a solar PV and solar thermal system. The easy to use system is based on 
geographic location and elevation.   
 
Solar System Analysis Software 
 
Source Name: RETScreen Software 
URL: http://www.retscreen.net/ang/home.php 

The RETScreen International Clean Energy Decision Support Centre seeks to build the capacity of 
planners, decision-makers and industry to implement renewable energy, cogeneration and energy 
efficiency projects. This objective is achieved by: developing decision-making tools (i.e. RETScreen 
Software) that reduce the cost of pre-feasibility studies; disseminating knowledge to help people make 
better decisions; and by training people to better analyze the technical and financial viability of possible 
projects.  

 

The RETScreen Clean Energy Project Analysis Software is a unique decision support tool developed with 
the contribution of numerous experts from government, industry, and academia. The software, 

http://www.3tier.com/en/�
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provided free-of-charge, can be used worldwide to evaluate the energy production and savings, costs, 
emission reductions, financial viability and risk for various types of Renewable-energy and Energy-
efficient Technologies (RETs). The software also includes product, project, hydrology and climate 
databases, a detailed user manual, and a case-study based college/university-level training course, 
including an engineering e-textbook. 
 
Source Name: FChart PV F 
URL: http://www.fchart.com/pvfchart/pvfchart.shtml 

PV F-CHART is a comprehensive photovoltaic system analysis and design program. The program provides 
monthly-average performance estimates for each hour of the day. The calculations are based upon 
methods developed at the University of Wisconsin which use solar radiation utilizability to account for 
statistical variation of radiation and the load. The software offers the options for different system types, 
tracking options all with multiple feature options. 
 
Source Name: Maui Solar Products 
URL: http://www.mauisolarsoftware.com/ 

This company sells a variety of software products for the design of all variety of solar PV small and large 
scale systems. The purpose of their programs are to aid in photovoltaic system design by providing 
accurate and in-depth information on likely system power output and load consumption, necessary 
backup power during the operation of the system, and the financial impacts of installing the proposed 
system.  A primary product, PV-DesignPro, is directed at individuals who consider themselves as 
professional PV system designers and researchers, but novice designers can also benefit from system 
design and evaluation capabilities. 
 
Solar Power Organizations 
 
Source Name: California Solar Center  
URL: http://www.californiasolarcenter.org 

California Solar Center is a web source for learning the latest solar industry news and providing 
consumer advice. It issues a free biweekly newsletter which discusses solar energy issues.    
 
Source Name: U.S. Energy Information Administration 
URL: http://www.eia.doe.gov/fuelrenewable.html 

The Energy Information Administration (U. S. DOE) offers official renewable energy statistics from the 
U.S. government and individual states. 
 
Source Name: National Renewable Energy Laboratory (NREL) 
URL: http://www.nrel.gov/solar/ 

The National Renewable Energy Laboratory in partnership with Sun Lab (Sandia National Laboratories) 
provides information on U.S. Department of Energy Concentrating Solar Power Program.  
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Source Name: Office of Scientific and Technical Information (OSTI) 
URL: http://www.osti.gov 

Office of Scientific and Technical Information collects worldwide research on energy in addition to 
research funded by the U.S. Dept of Energy (DOE). Its Energy Citations Database at URL: 
http://www.osti.gov/energycitations/ provides access to DOE publicly available citations from 1948 to 
present.  
 
Source Name: Sandia National Laboratories 
URL: http://energylan.sandia.gov/sunlab/ 
 
Sun Lab of the Sandia National Laboratories in partnership with the National Renewable Energy 
Laboratory (U. S. DOE) provide information on U.S. Department of Energy Concentrating Solar Power 
Program. 
 
Source Name: Solar Energy Technologies Program 
URL: http://www.eere.energy.gov/solar  

The Office of Energy Efficiency and Renewable Energy Solar Energy Technologies Program (U. S. DOE) 
works with national laboratories, universities, industry and professional associations across the country 
exploring solar energy potential. 
 
Source Name: U. S. Department of Energy. Resources for Solar Energy 
URL: http://www.energy.gov/energysources/solar.htm 

The Solar Energy Technology Program develops solar technologies with the potential of producing cost-
competitive energy for buildings. It also contains energy statistical information relating to the use of 
solar thermal and photovoltaic energy. 
 
Source Name: American Solar Energy Society 
URL: http://www.ases.org 

The American Solar Energy Society (ASES) is the U. S. section of the International Solar Energy Society. 
 
Source Name: Center for Renewable Energy and Sustainable Technology 
URL: http://www.crest.org/solar/ 
 

Renewable Energy Policy Project sponsored by public and private sectors, such as research reports and 
testimonials. 
 
Source Name: International Solar Energy Society 
URL: http://www.ises.org 

http://www.osti.gov/�
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The International Solar Energy Society, headquartered in Germany, is a UN-accredited NGO which has 
membership of more than 50 countries. The Society supports its members in the advancement of solar 
energy technology. 
 
Source Name: Interstate Renewable Energy Council 
URL: http://www.irecusa.org/index.html 

Interstate Renewable Energy Council, a non-profit consortium of state and local government renewable 
energy officials, regulatory commissions, and academic institutions offers up-to-date news and 
programs in the renewable energy fields. 
 
Source Name: Power from the Sun 
URL: http://www.powerfromthesun.net  

The site is continuously updated and provides a useful resource in learning about solar energy. 
 
Source Name: Solar Companies 
URL: http://www.solarcompanies.com 

The site contains a directory of solar energy companies and solar services throughout the United States. 
 
Source Name: Solar Energy Industries Association 
URL: http://www.seia.org 

The Solar Energy Industries Association, a national trade association of solar energy manufactures, 
distributors, architects, consultants, etc., provides up-to-date news about the solar energy activities of 
U. S. and foreign governments and a listing of solar energy contractors. 
 
Source Name: Solar Living Institute 
URL: http://www.solarliving.org 

Solar Living Institute is a non-profit organization that promotes sustainable living through educational 
programs. 
 
Source Name: Solar Plaza 
URL: http://www.solarplaza.com 

A multilingual database provides the news and addresses of solar companies and solar services 
throughout the world. 
 
Source Name: Photovoltaics, Design and Installation Manual 
URL: http://www.solarenergy.org/ 

This manual is published by Solar Energy International, a non profit educational organization whose 
mission is to help others use renewable energy and environmental building technologies through 

http://www.irecusa.org/index.html�
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education and technical assistance.  The manual (ISBN: 978-0-86571-520-2) covers all aspects of solar 
system analysis and design in a simple and practical manner. 
 

 
Wind 

Wind Resource Assessment  
 
Source Name: Wind Energy Resource Atlas of the United States, 1987  
http://rredc.nrel.gov/wind/pubs/atlas/chp1.html 

Although an older resource, the Atlas provides annual and seasonal average wind power maps that were 
revised, based largely on the examination and analysis of new site data that had been generated to 
measure wind resources where previous analysis indicated a usable energy source. Certainty ratings 
credited to the wind resource were revised, and the areal distribution maps were updated to reflect 
changes in the wind resource estimates.  The website document is useful as a starting point to evaluate 
wind potential at any location in the United States. 

Source Name: U.S. DOE, Wind Powering America 
http://www.windpoweringamerica.gov/wind_maps.asp 

Wind Powering America provides high-resolution state wind maps and estimates of the wind resource 
potential.  Here you will find an 80-meter wind resource map for the contiguous United States with links 
to individual state wind maps and a chart showing the wind resource potential for the contiguous United 
States. 
 
Wind System Analysis Software 
 
Source Name: HOMER Energy - Hybrid Renewable & Distributed Power Design Support 
http://homerenergy.com/index.html 

HOMER is a relatively simple to use downloadable and free computer model that simplifies the task of 
designing distributed generation (DG) systems.  HOMER's optimization and sensitivity analysis 
algorithms allow you to evaluate the economic and technical feasibility of a large number of technology 
options and to account for variations in technology costs and energy resource availability.  It is relevant 
to both wind and solar applications. 
 
Source Name: Iowa Wind Energy: Wind Assessment Study and Calculator 
http://www.energy.iastate.edu/renewable/wind/windstudy-index.htm 
Although this site is for the state of Iowa, the calculator provided is simple to use and provides a basis 
for evaluating wind systems in other states.  The assessment calculator also provides a tool for 
evaluating numerous different turbine systems; hence, is helpful in comparing different system 
configurations. 
 

http://rredc.nrel.gov/wind/pubs/atlas/chp1.html�
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Source Name: RETScreen International 
URL: http://www.retscreen.net/ang/home.php 

RETScreen allows decision-makers and professionals to determine whether or not a proposed 
renewable energy project makes financial sense.  See Solar Systems Analysis Software section for 
description.    
 
Standards and Certifications 
 
Source Name: AWEA Small Wind Turbine Performance and Safety Standard, 2009 

This performance and safety standard provides a method for evaluation of wind turbine systems in 
terms of safety, reliability, power performance, and acoustic characteristics.  AWEA is recognized by the 
American National Standards Institute (ANSI) as an Accredited Standards Developer and the AWEA 
standard will be submitted for adoption as an American National Standard.  Small wind turbines that 
meet the requirements of the AWEA standard are certified by the Small Wind Certification Council.     
 
Source Name: Small Wind Certification Council, 2010 
http://www.smallwindcertification.org/about.html 

The Small Wind Certification Council (SWCC), an independent certification body, certifies that small wind 
turbines meet or exceed the requirements of the AWEA Small Wind Turbine Performance and Safety 
Standard.  The website contains a list of current small wind turbines that are undergoing certification 
testing and turbine models with pending applications for testing. 
 
Source Name: American National Standards Institute 
http://ansi.org/ 

ANSI contains numerous standards for wind turbines, including:  specifications for wind turbine 
generator systems, power performance measurements, design requirements for protection against 
damage from hazards, and acoustic noise measurement techniques.  
  
Wind Power Research Resources 
 
Source Name: National Renewable Energy Laboratory (NREL) 
 www.nrel.gov/wind  

The mission of the wind energy research conducted at NREL's National Wind Technology Center (NWTC) 
is to collaborate with industry to further wind technology and to accelerate its commercialization in the 
marketplace. 
 
Source Name: NREL - Environment and Wildlife 
http://www1.eere.energy.gov/windandhydro/federalwindsiting/environment_wildlife.html 

http://www.retscreen.net/ang/home.php�
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This component of NREL provides resources on potential impacts to environment and wildlife from wind 
energy development. 
 
Source Name: NREL - Wind Siting Tools 
http://www1.eere.energy.gov/windandhydro/federalwindsiting/wind_siting_tools.html 

NREL provides tools to assist in preliminary screening of wind sites and potential impacts to federal 
mission areas, such as radar and wildlife. 
 
Source Name:  NREL - Small Wind Turbine Independent Testing       
http://www.nrel.gov/wind/smallwind/independent_testing.html  

Through a competitive solicitation, NREL selected five commercially available small wind turbine systems 
to test in 2008/2009.  Program procedures are presented in this website. 
 
Source Name: NREL - Wind Powering America References 
http://www.windpoweringamerica.gov/publications.asp 

This page lists all of the publications referenced on the Wind Powering America Web site. 
 
Source Name: NREL - Wind Power Today  
http://www1.eere.energy.gov/windandhydro/pdfs/47531.pdf 

This section of the NREL website provides status and updates on the DOE Wind Program, which leads 
the federal government’s efforts to expand domestic wind energy capacity. 
 
Source Name: State-by-State AWEA, small wind turbine equipment providers 
http://www.awea.org/smallwind/smsyslst.html 

The American Wind Energy Association (AWEA) has compiled the following list of U.S. manufacturers 
and suppliers of wind turbines for use in residential, farm, and commercial/industrial applications.  
 
Source Name: Iowa Energy Center: Wind Energy Manual 
http://www.energy.iastate.edu/renewable/wind/wem-index.htm 

This site includes information on both large and small electricity-generating wind systems. 
 
Source Name: Database of State Incentives for Renewables & Efficiency 
 www.dsireusa.org  

DSIRE is a comprehensive source of information on state, local, utility and federal incentives and policies 
that promote renewable energy and energy efficiency. 
 
Source Name: US DOE, Energy Efficiency and Renewable Energy, Wind and Hydropower Technologies 
Program 
http://www1.eere.energy.gov/windandhydro/federalwindsiting/wind_siting_tools.html 

http://www1.eere.energy.gov/windandhydro/federalwindsiting/wind_siting_tools.html�
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The Wind and Water Power Program works with industry, the national laboratories, state and local 
governments, and other federal agencies to advance wind technology and accelerate the deployment of 
wind power. 
 
Source Name: American Wind Energy Association  
www.awea.org  

AWEA is a national trade association representing wind power project developers, equipment suppliers, 
services providers, parts manufacturers, utilities, researchers, and others involved in the wind industry. 
 
Source Name: AWEA - Small Wind Systems 
www.awea.org/smallwind.html 

This portion of the website includes answers to frequently asked questions and information on U.S. 
manufacturers. 
 
Source Name: Interstate Renewable Energy Council 
IREC's mission is to accelerate the sustainable and responsible utilization of renewable energy sources 
and technologies and to promote safe, quality renewable energy products and fair practices. IREC 
provides a forum to exchange information on small wind energy issues. 
 
Source Name: National Wind Coordinating Collaborative  
www.nationalwind.org  

The National Wind Coordinating Collaborative (NWCC) provides a neutral forum for a wide range of 
stakeholders to pursue the shared objective of developing environmentally, economically, and politically 
sustainable commercial markets for wind power in the United States. 
 
Source Name:  Utility Wind Integration Group  
www.uwig.org 

The mission of the Utility Wind Integration Group (UWIG) is to accelerate the development and 
application of good engineering and operational practices supporting the appropriate integration of 
wind power into the electric system. 

 

Wind Power Assessment Resources  

Source Name:  Renewable Energy Atlas of the West 
http://www.energyatlas.org 

The Renewable Energy Atlas of the West USA is a comprehensive document and web site providing 
renewable resource maps and data.  The mapping incorporates some of the most advanced data and 
technology. 
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Source Name:  Wind Power Today 2010  
http://www1.eere.energy.gov/windandhydro/pdfs/47531.pdf 

Wind Power Today provides an overview of the Wind Program's accomplishments and activities in 2010.  
The publication includes an update on technology, standards, and testing of small and medium sized 
turbines.   
 
Source Name:  Wind Resource Assessment Handbook  
National Renewable Energy Laboratory, Golden Colorado, 1997 

The handbook provides a basic plan for implementing a wind monitoring project.  The handbook is 
designed to be a source of project information for a wind energy feasibility study with details on the 
following: measurement plan, siting, measurements, instrumentation, installation, O&M, data 
collection, validation.  More recent information on instrumentation and data analysis should be 
explored. 

Source Name:  NREL - Small Wind for Homeowners, Ranchers, and Small Businesses 
http://www.windpoweringamerica.gov/small_wind.asp 

The National Renewable Energy Laboratory produced Small Wind Electric Systems Consumer's Guides to 
help homeowners, ranchers, and small businesses decide if wind energy will work for them.  Also 
provides the U.S. map shows which states have small wind consumer's guides.  
 
Source Name:  Small Wind Electric Systems a U.S. Consumer’s Guide 
http://www.windpoweringamerica.gov/pdfs/small_wind/small_wind_guide.pdf 

The purpose of the guide is to provide the basic information about small wind electric systems to help 
decide if small or micro -wind energy will work. Although written from the small consumer standpoint 
the information is valuable for any small off-grid application. 
 
Source Name:  Permitting a Small Wind Turbine, A Handbook, Learning from the California Experience, 
2003 
www.awea.org 

 

Although specific to small wind system permitting in California, this document provides insight into the 
type of information needed for a wind project.  Data needs for California permitting are provided.  The 
report also includes a model ordinance and suggestions for best practices. 
  
Source Name:  Wind Turbine Interactions with Birds, Bats, and their Habitats: A Summary of Research 
Results and Priority Questions, 2010, National Wind Coordinating Collaboration 
www.nationalwind.org  
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This fact sheet summarizes what is known about bird and bat interactions with land-based wind power 
in North America, including habitat impacts, and what key questions and knowledge gaps remain.  This 
summary was prepared for large wind turbines. 
 
Source Name:  Location, Location, Location: Domestic Small-Scale Wind Field Trial Report, 2009, The 
Energy Saving Trust 
http://www.energysavingtrust.org.uk/ 

This is a United Kingdom publication that provides details and facts related to the operation of small 
wind turbines.  As the title suggests, operational efficiency was found to be very dependent on turbine 
location, on a small scale.  Building mounted sites are generally inefficient; whereas, pole-mounted 
installations exposed to undisturbed air flow perform as anticipated. 
 
Source Name:  Wind and Hydropower Technologies Wind Energy Program, 2008 Merit Review Report, 
U.S. DOE Office of Energy Efficiency and Renewable Energy 
https://www1.eere.energy.gov/windandhydro/pdfs/FY08_wind_program_merit_review_report.pdf  

Provides a technical review of the Wind Program's technology research and development activities.  The 
review discusses the status of new technology and plans to interact with the small wind certification 
council. 
 
Source Name:  Wind Energy Basics 
American Wind Energy Association, ISBN 1-890132-07-01  

A comprehensive guide to modern small wind technology. 
 
Source Name:  Wind Power for Home, Farm, and Business: Renewable Energy for the New Millennium, 
Chelsea Green Publishing Company, ISBN-1-931498-14-8 

Completely revised and expanded edition of Wind Power for Home and Business. 
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State DOT Screener Survey 



NCHRP Task 64 Feasibility of Using Solar 
or Wind for Transportation Infrastructure 
Welcome! This brief survey is being sent to the Materials and Operations Staff at all State DOTs for the 
purpose of researching the Feasibility of Using Solar or Wind Power for Transportation Infrastructure. 
The survey is being conducted on behalf of the National Cooperative Highway Research Program’s 
Project 25-25, Task 64. The objective of this research is to develop and maintain technical and case study 
data on the use of solar or wind power as an alternative power source in transportation infrastructure 
settings. We would like to understand the physical, economic and institutional feasibility factors for 
implementing these existing and emerging technologies and would appreciate your input. We ask that 
you please answer the following 10 questions to the best of your ability. The survey should only take a 
few minutes. Thank you for your participation! 

 * Please note that an asterisk indicates a response is required.  

 

Please chose the State DOT or Transportation Agency with which you are associated: *  

-- Please Select --
 

 

1. Does your state DOT currently use Renewable Energy Installations (REIs) in the form of solar or wind 
units for transportation infrastructure? REIs include grid connected and off-grid applications such as 
lighting and signage at intersections and interchanges, rest areas, illuminated rights of way / bridges, 
and variable message signs, including mobile operations, portable arrow boards and similar message 
systems. *This question is required  

Yes  

No (please explain)    

 

2. Which renewable resource do you utilize? (check all that apply)  

Solar  

Wind  

Other (please specify)     



3. In what types of transportation settings do you use REIs? (check all that apply)  

Highway  

Rail  

Other, please specify    

 

4. What types of applications do you use renewable energy for? (check all that apply)  

Highway lighting  

Signage  

Traffic signals  

Temporary-use traffic control equipment  

Message boards  

Emergency roadside phones  

Rest/service area  

Other, please specify    

 

5. How many projects/roadways associated with your state DOT utilize this technology? (please estimate 
if you are not sure)  

Solar  

Wind  

 

 

 



6. Please make an approximate estimate of the total size of your DOT program in terms of annual power 
generation. This estimate is for all solar or wind applications used by your DOT last year.  

Less than 100kW  

Between 100kW and 1000kW  

Over 1000kW  

Do not know  

 

7. Please check the factors that encourage REI development by your DOT. (check all that apply)  

Carbon Footprint reduction mandate or plan  

Renewable energy portfolio standard  

State Climate Action Plan  

Save infrastructure cost  

Support “Green Industry” in your state  

High wind resource in your state  

Good solar resource in your state  

Support REI demonstration project in your state  

Livable and Sustainable Communities Initiative  

Renewable energy state statute/legislation  

Generation of renewable credits  

 

 



8. Would you be willing to speak with us further on this topic? If not yourself, is there someone else at 
your State DOT who may be willing and available within the next few months for a brief discussion? We 
will also want to discuss and learn how your state does its cost-benefit or other financial analysis of REI 
infrastructure projects.  

Yes, provided below  

No, thank you  

 

9. Please provide a contact for follow up. Your contact information will remain confidential.  

 

First Name  

 

Last Name  

 

Title  

 

Email Address  

 

Phone Number  

 

 

 

4. Renewable Energy Installation (REI) Installers/Manufacturers  

To augment our research we would like to ask a few questions of a manufacturer /installer of REIs that 
your State DOT has worked with on one or more projects so that we may gain perspective on their 
experience with REIs in transportation. If you would, please provide any information that you can below.  

First Name  

 

Last Name  

 

Title  

 

Company Name  

 

Street Address  

 

City  

 



State  

 

Zip  

 

Country  

 

Email Address  

 

Phone Number  

 

URL  

 

 

 

 

5. Thank You!  

Thank you for taking our survey. Your response is very important to us.  

If you indicated that you are available for follow-up we will be contacting you within the next few weeks. 

 

 

The Louis Berger Group, Inc. 

 

http://www.louisberger.com/�


 

 

 

 

 

Appendix III 

State DOT Questions and Interviews



 

 

Task 64 Feasibility Study of Using Solar or Wind Power for Transportation Infrastructure 
                                           State DOT Interview Questions 
 Through our online survey your DOT was identified as being involved with the following type of 
renewable energy ___, which includes renewable energy installations (REIs).   
 

1. Please tell us a little more about your program, how long it has been in place, and provide 
an example of one or two projects with REIs that we can discuss more in-depth.  

a) Age of project(s) 
b) Location setting- remote? 
c) Purpose and number of REIs units 
d) Cost/benefit evaluation 

 
2. Who are/were the major parties involved in the project (state agencies, local 

governments, utilities, lenders, LLCs)?  If a local entity was involved, could you provide 
contact information?  Were there particular benefits or challenges to this partnership?  

 
Life cycle cost analysis 
 

3. Did you receive any grants or funding support for this project? e.g. local, state, federal,  
 

4. Has the REI been approved for Renewable Energy Credits? 
 

5. What was the approximate construction cost of the REI?  
a) Were there any other significant costs that had to be paid (eg, overhead, contract 

mgmt)  
b) Did you have to borrow money for the project? What interest rate?  

 

6. Why did you pursue this particular type of REI instead of grid connected power?    
a) Did you do a comparison of the cost of grid power v. the cost of REI? 
b) If you did a comparison, what categories did you compare? (distance from grid, 

construction costs, materials cost, etc.)  

7. What is the estimated life-expectancy of the REI?   
 
8. What are the operation and maintenance (O&M) costs for the project? 

a) Did the project save you O&M costs if it had been grid mounted? 
 

9. What is the expected payback period for the REI? (Under what assumptions?)  
 

10. Do you measure the output or energy production of the REI?  If so, how does the actual 
performance compare to the expected production? 



 

 

Physical, and Regulatory Requirements 
 

11. Are there any special weather or other conditions that affected your decision to proceed 
with a particular type of REIs- what did you do in the past that did or didn’t work?  

a) Were there any special installation needs or requirements with regards to your 
topography or soil type, wetlands, etc?  

b) How has the weather in your region affected the power generation capacity of the 
REIs? 
 

12. In your experience, have you had any unexpected maintenance issues?  What are the 
expected maintenance requirements of the REI you use?   

 
13. Did any federal, state or local regulations, including zoning affect the installation of the 

REI?   
 

14. If installed within the ROW, what regulations were followed?  Were they any safety 
issues or design concerns? 

 
15. Is the REI(s) grid-connected?  If yes, how is it connected to the grid? (equipment used, 

etc.) 
 

16. If the REI(s) is not grid-connected, is energy stored and how?  
a) Is this REI in a remote location? 
b) For how long is the product designed to operate in energy storage mode?   
c) Does this meet standard DOT safety requirements for power backup? 

 
Lessons Learned 
 

17. Does the REI fulfill its intended purpose and perform to expectations?  Is the DOT 
planning to expand the project?  

 
18. What were the major barriers to the successful installation of this project?  How were 

these overcome? 
 

19. Are there any best practices or lesson learned for DOTs to implement these types of 
REIs?  Please explain. 
 

20. Are there additional opportunities or emerging technologies that you are looking into 
using in your transportation infrastructure?  Please explain.  

 
21. What are the advantages and disadvantages to conventional power to you see with this 

REI? 



 

 

 

 

 

State DOT Interviews 



Iowa Department of Transportation 
 
DOT- Willy Sorenson, ITS 

Transdata (Office of Transportation Data)- Karen Carroll and Jarrod Green 

 
Iowa ITS has been using solar for about 10 years and has approximately 168 solar and/or wind 
units throughout the state.   REIs are used to power PCMS signs, 2 portable cameras, 2 portable 
highway advisory radios. They also have some radar based traffic counting devices and speed 
sensors on light poles, trusses, etc.  Approximately 50 of the signs are portable.  
They have 3 wind powered traffic sensors (for volume and speed) that are about two years old.  
Most REIs are in a rural setting and they try to locate wind units at a higher elevation.  
 
REIs were chosen for their portability and to save on grid connection costs.  Grid connection can 
cost up to $100,000.  Sometimes the ampage needs requires grid connection, such as for an 
overhead dynamic message sign.  But sometimes the  application is so small that the meter fee 
would be more than the cost of use.  

 

Life cycle cost analysis 
 
Iowa DOT has a construction budget and a budget for operating costs (wages, etc.). The funds 
for these REI projects come out of the construction budget.  Iowa DOTs Transdata office has an 
annual amount of operational funds set aside for research and development that is applied 
towards these projects.   

 
Other maintenance costs include repairs due to vandalism, inadvertent damage from passing 
vehicles.  

 
Iowa DOT has been using absorbed glass mat (AGM) batteries, which have been operational for 
7 years now and cost about $175 each.  The solar unit is expected to last at least 10 years.  The 
cost of the solar beacons is recovered in about 3 years.  
 
They use a 12 volt wind turbine and the power output ranges with wind speed.  10 mph.  It has a 
brake to prevent it from running excessively or too fast.  The turbine has a 3 year warranty, but 
they expect it to last longer. 

 
Physical, and Regulatory Requirements 
 

The weather has not really affected the solar panels, and they are tilted to prevent snow 
accumulation.  They also tie some portables down in case of substantial wind.  
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When locating units near the roadway, they are placed 30 feet back from the edge of the road our 
of the clear zone, or behind a guard rail.  Devices within the clear zone must be breakaway.   
 
Battery life is approximately 14 days with no sun.  
 
Lessons Learned 
 
Iowa DOT is expecting to expand the use of solar by including flashing beacons and also adding 
more wind turbines.  They are also looking at converting flashing beacons that are currently tied 
to grid using incandescent and switching to LED powered beacons.   

 
Some of the barriers to installation include making sure the technology is there.  For example, 
until LEDs were designed to have a low power consumption, solar was not really possible for 
use in signs.  The development of LED has reduced the amount of power needed and made solar 
an option.   
 
Iowa ITS has had the best success with absorbed glass mat (AGM) batteries for portable devices, 
finding that they have a longer life span.  They also require less labor and this adds an additional 
safety aspect by not having to maintain them.   

 
 



Maine Department of Transportation 
 

Clifton Curtis- ITS program Manager, traffic manager 
Peter Virgin- Communication Technician, Traffic Engineering, ITS, Maine DOT 
 

Maine DOT has been using solar to power variable message boards (VMB) since 2001.  They 
installed their first solar speed sign in 2003.  The program now consists of 75 variable speed 
limit signs with radar, 22 variable message boards (permanent and temporary), and several 
cameras.  They also have 3 road weather information systems (RWIS) located in microclimates 
with high elevation that lack utilities.   
 
The ability to locate in remote locations is one of the biggest draws for Maine DOT in using 
solar, as they have many remote areas in that are lacking in utilities.  The cost of running utilities 
to one of these locations is usually about $7.00 a foot- and can be in the tens of thousands of 
dollars when factoring in the additional costs of boring under roadways and ledges.  Using solar 
not only eliminates these upfront costs associated with installing utilities, it eliminates monthly 
utility bills associated with grid-connected units.   
 
Maine DOT feels that the cost of solar continues to come down and the performance of solar 
panels has continued to improve, making the use of solar more feasible and cost effective for 
them.  When they first started using solar, there were no commercial products on the market that 
met their needs. DOT has developed its own system based on what ITS actually does, not what it 
necessarily wants.  This type of practical approach is credited for Maine’s success in using solar.   

Life cycle cost analysis 
 
Many of Maine’s road projects are funded through federal grants.   However, ME DOT puts out 
its own contract on the solar projects, in order to maintain consistency in the type and make of 
units.  They have found that if they bundle their solar signs projects within a roadway project, 
they do not have any control over what make and model are delivered because of the nature of 
competitive bidding process.  As a result it becomes an operational issue to maintain a wide 
variety of equipment.  The solar projects are funded with DOT money and money from the ITS 
budget.  They are maintained in-house with tax dollars.   
 
The cost of one solar powered VMS is about $10,000 .  Both installations  and maintenance are 
done in house so overhead costs are controlled and minimized.  Monthly wireless costs to 
communicate messages to the signs runs from $12 for a 10MB plan to $42 for a 5GB plan.  
Hardware associated with the wireless communications, such as the modem, cost about $800.00.   
The estimated life-expectancy of a unit is approximately 25 years for the solar panels and 3-5 
years for batteries.  Battery life varies considering how often is drained and how it is stored.   
It is important to note that the technology is moving so fast and information needs may expand 
that they will probably make changes to their systems within 2-3 years. What works today may 



not work tomorrow.  They now use aluminum cabinets, stainless steel, pvc conduits to prevent 
loss due to premature corrosion.    

 
Maine DOT expects to see a return on their investments in less than a year.  However, this type 
of thing is difficult to quantify.  As they explain, the VMBs have 2 functions;  1) give advice to 
the driving public and 2) gather info on what the driving public is doing.  Maine DOT feels that 
if they can defer one crash by communicating the right message, then they are doing their due 
diligence.  Maine is a tourist state and tourists expect this type of technology and notification.  
Negative impacts to Maine’s economy can be avoided by advising people to drive more 
prudently and to avoid sitting in traffic.  
 

Physical, and Regulatory Requirements 
 

Engineering criteria uses the worst day in the winter time as a guide when designing these units.  
Even with Maine’s extreme winters, DOT has not had major issues with regards to weather.  
They tilt panels at 60 degrees to avoid snow accumulation.  Standard maintenance issues include  
water maintenance  on the batteries, as well as repair of rust.  Occasionally an unexpected cost 
can arise, such as vandalism or insect damage.     

 
Since the messages communicated to the public are advisory messages only, not regulatory, no 
other regulations apply.  If batteries are large and heavy, they located them 30 feet from the 
roadway, outside of the clear zone.  The units are solely powered using solar, but if there were to 
be any kind of power failure, they can quickly and easily get a generator to the site to provide 
backup power. The batteries are designed to provide power for 3-5 days if there was no sun.  
However, Maine DOT explains that even with an hour of sun a day, or cloudy conditions, the 
system is still able to realized a gain and charge, so theoretically battery power is limitless.  It is 
important to understand though, that batteries cannot be expected to have a long life if they are 
left sitting in storage for long periods.   
 
 
Lessons Learned 
 
Maine DOT recommends that if a state is new to solar and interested in pursuing, they should 
start with a simple pilot project so that they can gain some experience.   Engineering must remain 
conservative.  The project must be considered not from a vendors selling point, but from an 
internal, independent perspective.   

 
Maine is looking at adding solar weather stations to VMBs.  They are also looking into 
predicting travel times through the use of solar powered Bluetooth devices.  Also in the works is 
switching highway advisory radio to solar to provide better transmitter locations.   

 



North Dakota Department of Transportation 
 

Brad Darr, SD DOT Maintenance Engineer 
 

North Dakota uses solar and wind to run RWIS since 1995.  They have had particular success 
with a unit at a remote location, over a mile from the grid, at the intersection of  ND57 & ND20 
in Devil’s Lake District.  The RWIS system was engineered using custom components (at that 
time solar was not as widely used as now).  

 
Life cycle cost analysis 
 
Federal funds helped to support this project.  The approximate construction cost was $30,000.  
The cost of running utilities to the remote location at which this unit is located would have been 
particularly cost prohibitive, therefore, this solar/wind unit was the most economic solution.  

 
The estimated life-expectancy of the RWIS is 15 years which it has outlived and is still going.  
This particular project is quite old, and at the time they it was installed, the components were  
proprietary,  and procured from the vendor that owned the technology.  The particular system at 
hand will not allow an addition of any components because it was sized exactly to match the 
existing load with no spare capacity. However, the technology now is quite different.   
 
 
Physical, and Regulatory Requirements 

 
This particular type of REI was chosen instead of grid connected power because of its distance 
from the grid.    Using solar and wind to run this RWIS was more economical than running 
power to the site.  Solar does not provide enough power during winter, therefore wind 
augmentation was necessary.  North Dakota DOT has not experienced any weather-related 
problems with the unit.   

 
They have also not experienced any maintenance issues with the unit, since it is a proprietary 
system, units can be replaced on an as-needed basis.   
 
 
Lessons Learned 
 
This REI fulfills its intended purpose and performs to expectations.   The solar and wind were 
sized to this particular  station.  However the size does not allow for additional devices to be 
added. South Dakota DOT is looking at replacing these units in the future and adding additional 
sites.  They consider themselves to be slightly behind in the technology and are looking forward 
to upgrading their units in the future.  



Pennsylvania Department of Transportation 
 

Charlie Goodhart- Director Bureau of Maintenance and Operations 
Bob Kleimenhagen- Division Chief of  Facilities Management 
 

PennDOT has approximately 10 stockpile buildings near Harrisburg, (District 8) that are 
equipped with solar panels as part of an energy compliance pilot project under the PA energy 
initiative.  The buildings remain grid connected in case of an emergency.   PA has been using 
solar for about 10 years and has approximately 500 VMS,  many of them in remote locations.  
The cost of running electricity to one of these remote locations can be in the neighborhood of 
$10,000.  At the same location, flashing “wig wag” signs cost about $400-$500 a unit.  Even 
with a total cost of about $2500 for the signs including labor at this site, it was still cheaper than 
electric. 
 

Life cycle cost analysis 
 
The Energy Management Office1

 

 is responsible for the management of the Guaranteed Energy 
Savings Act (GESA) performance contracting program.  This program assists and enables 
Commonwealth agencies in existing facilities to contract for energy conservation measures 
without the requirement of an up-front capital budget allocation.  PennDOT has been able to use 
this program to upgrade these stockpile buildings with solar to save on energy costs.  The 
savings realized from the participation in this program help to pay for other projects.  The VMS 
units are paid for with DOT maintenance funds.   

The VMSs cost about 25,000 each.  Construction costs are not applicable since most are mobile 
units.  The cost of the solar units on the facilities was unknown.  
Projects are bundled within a statewide procurement contract which was “low bid”.  There is no 
statewide contract or program to buy solar services or installations direct from a contractor.   

 

PennDOT pursued solar for use in VMS because running electricity to some of these remote 
locates is not really feasible.  Another important aspect is that the DOT needs to get these signs 
up quickly from a safety standpoint.  Installing electric is too time consuming when there is an 
area where there are a lot of accidents, VMS you can just “set up and go”.   

                                                      
1 The Department of General Services (DGS) Energy Management Office, within the Bureau of Facilities Management, which 
tracks energy consumption, establishes and monitors policies, programs and guidelines for Commonwealth facilities to ensure 
efficient building operations and maintenance in accordance with Executive Order 2004-12 and Management Directive 720.5.  
Executive Order 2004-12 identifies facility energy efficiency as a priority.  Efforts are constantly under way to ensure that new 
facilities designed for Commonwealth occupancy are constructed according to current energy efficient standards and principles.  

 

http://www.portal.state.pa.us/portal/server.pt?open=512&objID=708&PageID=224602&mode=2&contentid=http://pubcontent.state.pa.us/publishedcontent/publish/cop_general_government_operations/oa/oa_portal/omd/p_and_p/executive_orders/2000_2009/items/2004_12_energy_management_and_conservation_in_commonwealth_facilities.html�
http://www.dgs.state.pa.us/portal/server.pt/gateway/PTARGS_0_2_8508_1298_244870_43/http;/pubcontent.state.pa.us/publishedcontent/publish/cop_general_government_operations/dgs/community_content/720_5_amended_7_25_08.pdf�


Additionally, PennDOT is concerned with being good stewards of the environment and 
promoting energy conservation.  Not using diesel generators cuts down on emissions and 
improves air quality as well.   

 

The estimated life-expectancy of the VMS are 15 years.  The solar installations at the stockpile 
building are estimated to last about 20 years.  

 
The actual costs of operation and maintenance (O&M) of the VMS is unknown.  However, 
PennDOT estimates that there is a cost savings on O&M with the solar units because in their 
experience, electric units require more maintenance and have higher failure rates.   For the solar 
units, there are costs associated with the replacement of batteries every 4-5 years.  Occasionally 
VMS units have to be replaced because they rust from road salt.  The frames rust and wires 
corrode.   
There have been no real maintenance costs associated with the facility solar installations as of 
yet.  
 
Considering the cost of diesel to run generators and the fact that traditional VMS are usually 
more prone to failure and require more maintenance, the expected payback of using solar VMS 
could be approximately 5 years.   Solar is more competitive now and the cost can be made up in 
about 5 years.  
They do a 1-2 year trial before committing.  Facilities are still looking at performance.  Before 
putting in standard documents.  
 

 
Physical, and Regulatory Requirements 
 

Weather has not affected the power generation of the VMS.  The facilities projects are not fully 
solar dependent because it is too risky as they need to be functioning in severe 
weather/emergency situations.  Besides the salt corrosions there have been no major issues.  
Theft is a concern and some units must be chained.  

Batteries on VMS can go about 2-3 days when there is no sun.  PennDOT has not experienced 
any issues with power failures with the VMSs.  They work very hard to maintain their 
investments and be sure that they are working efficiently.   
 
PennDOT has a manual of design requirements which follows FHWA’s MUTCD.  They make 
efforts to keep the units out of harm’s way, and put up barricades or cones when they need to be 
located on the shoulder.   
 
 
 
 



Lessons Learned 
 
PennDOT has learned that one of the major barriers to the successful installation of this project 
has been the procurement process itself and that there needs to be a lot of coordination with the 
state agencies that handle procurement.  PennDOT stresses that an initiative like this needs to be 
driven from a high level in the government or the secretary of transportation, such as an 
executive order from the governor.  If it is driven at that level then it is coordinated more 
efficiently .   
 
PennDOT has been approached about and is considering, producing and selling back to the grid, 
particularly in using wind, since some of the stockpile buildings are located near wind farms in 
PA.  They have also been approached about the potential use of  wind in the ROW utilizing the 
wind created from passing trucks.   
 
PennDOT is looking at potential highway lighting projects and is also designing a new district 
office which will be LEED certified and utilize solar and wind.   

 
 

 

 

 



Texas Department of Transportation 
 
John Harper- Master Electrician, TxDOT 

Greg Jones, P.E. Texas Department of Transportation TRF-TE-Illumination and Electrical 
 

TxDOT has been using flashing beacons since 1990.  The types of flashing beacons that they use 
include flashers in school zones, manufacturing plant entrances, and weigh stations.  Flashers are 
also used to indicate to drivers that there are curves in the road, signals ahead, or flooded 
portions of the road (low areas prone to flooding with a solar powered flood monitoring system).  
Many of the solar applications are in remote locations.  The use of solar in TxDOT flashers is no 
longer a specification; it is now a standard.  In the past year TxDOT has only installed 25 electric 
beacons, compared to 137 solar beacons.  Solar is pursued because of the ability to locate it in 
remote location and the elimination of a monthly electric bill.    
 

TxDOT also uses solar powered navigational lighting on bridges. Three lights on each side of 
bridge.   They must follow Coast guard requirements for lighting (33 CFR Part 89) and FAA 
requirements for lights on top of bridges.  The use of solar lights are incorporated into 
preliminary design and specs are written for each project on a case by case basis.  
Because of the importance of navigational lighting, all have provisions for backup power, even 
the ones that are grid connected.  There is a Radio frequency alert if there is a power failure.   
 
 
Life cycle cost analysis 
 

As for evaluating the cost/benefit of using solar versus traditional electrical beacons, it is not 
easy  to break out because Tx DOT includes the cost of these units within the larger associated 
project.  For the school zone flashers, federal funding was received through the “safe routes to 
school” program.    

 
A grid connected roadside flashing beacon usually costs $2752.00, which does not include the 
cost of wiring and monthly electric bills.   
A solar flashing beacon costs $4680.00  which includes materials and installation.  
Power flashers around 25W.  Flashers are LED, (required) 12-24volts. 
 
The life expectancy of the solar flashing beacons is unknown and is not tracked.  It is likely that 
a unit will be replaced before its expiration date because roadways are being expanded and units 
may be relocated or replaced due to new road work, not because it of unit failure.  Batteries have 
a 3 year warranty, however DOT expects twice that.  Photovoltaic modules have a 12 year 
warranty.  



Since these projects are handled at the district level, and there are 25 districts in Texas DOT, it is 
not possible to track down cost comparisons of grid power versus solar power.  However, 
TxDOT noted that their main concern is with maintenance and not with electricity.  Maintenance 
on batteries is performed approximately every 2 years.  Maintenance is controlled at the district 
level as well so the exact cost is unknown.  Additional costs include changing the timing of lights 
to coincide with the school zone season, which is done manually at the location of the unit, not 
remotely, therefore, there are no wireless communication costs to consider associated with these 
units.  Solar requires more maintenance but grid connected units required a minimum charge per 
month no matter how much electricity you use.  A monthly bill is excessive, especially for 
flashers in a school zone, where they only need to be used for a few hours a day.  They are 
willing to spend more up from to get the long term benefit.   

 

Physical, and Regulatory Requirements 
 

The solar units are designed to withstand 80mph winds and have rarely been affected by weather 
issues.  The batteries are designed to power the unit for approximately 12 days without sun.  
Standard regulations apply for locating objects within the ROW including mounting on 
breakaway bases. 

 
 
Lessons Learned 
 
TxDOT is planning to expand its solar program.  They are already favoring solar over grid 
connected.   A disadvantage of solar is dealing with batteries and maintenance, but TxDOT has 
found it to be worth it.   

 

  



Utah Department of Transportation 
 

Tim Ularich- Utah DOT Maintenance Engineer 
 

Utah currently has 6 grid-tied REI projects- 5 solar and one wind.   
This interview focused mainly on experience with the solar installation at Murray Maintenance 
station, in Murray Utah (constructed in 2007) because it is established enough to have a history 
and provide lessons learned.   The project is located in an urban, suburb of SLC.  It has a flat roof 
ballast mount  with 20 modules, purpose was to offset energy 
The project was funded at 50% from a USDOE grant.  The purpose of the project was to gain 
experience with a smaller system.  Since this installation,  costs of solar have gone down (from 
$8/w to $5.25/w at the present) over the years.  Cost of power in Utah is much cheaper- return on 
investment is lower. (7.5c-8c/kWh).   

 
 
Life cycle cost analysis 
 
Utah State Energy Program funded the project through DOE grant money 50% matching.  
Other projects have received Rocky Mountain Power grants at 2$ /watt.  There is also ARRA 
funding for some current projects Utah projects.  

 
The total cost of this 3.6 kw project in 2007 was about $21,000.00 (including labor) which works 
out to about $6 per watt .  Would most likely be even cheaper today because the cost of solar 
panels has gone down.  

 

When looking into other projects in Utah, DOT found that wind did not exhibit a very good 
return to do net metering, especially if the point of use is not nearby because it will then cost too 
much money to carry the power.  Additionally the utility did not want large scale competition.  
 

This project is direct grid tied which essentially means the utility functions as the battery and you 
are credited for energy production.  They have net metering. Data loggers are present on most 
REIs to measure the output or energy production of the solar panels.   UDOT has found that the 
projects are meeting expectations.   

 

What is the estimated life-expectancy of the REI?  UDOT expects the inverter to last 15 years 
and the panels to last at least 25-35 years.  It is important when considering this type of 
installation, to select facilities with new roofs and/or new construction for solar installations. It 
should be determined if the need to re-roof would be a significant cost.   

 
This project has not had any O&M costs yet and no major issues are expected.    



 
 
The expected payback period was not calculated since electricity in Utah costs approximately  
.08 kw hour  which means the payback would be 30+ years.  Therefore, payback depends on the 
location of the renewable energy.  UDOT has found that conditioning with peak load helps with 
demand with certain projects, however, maintenance facilities have unpredictable hours.   
 

 
Physical, and Regulatory Requirements 
 

There have not been any problems with this project associated with the weather.  Solar is pretty 
predictable.  It is possible to gather weather data and get wind speeds especially from airports.  
Some projects in Utah could consider seismic issues, but so far this has not really a big concern.  
Solar panels are pretty durable and have been designed and tested to withstand high pressure, 
wind speeds, hail, etc.    
However, it was expected that high temperatures associated with some projects (such as in 
Moab) would  affect panels due to thermal expansion and make them slightly less efficient, but 
as it turns out this has not been much of an issue.  

 

With solar- you can do a string inverter (panels in a series) or micro inverter- each panel has its 
own inverter. They use a micro inverter when there might be issues like shading or in an area 
prone to hailstorms so that damage to one panel will not affect the entire system.  
The solar systems installed have adjustable legs so that the panels can be manually tilted for 
maximum efficiency.  However, this has not been done. It has found that it is not really 
necessary in this particular region since sun is constant.  If someone were doing this, it would be 
an added maintenance cost.  It is not realistic-  unless you were pursuing RECs.  
 
The system is grid-connected and uses a UL1741 listed anti- islanding inverter (required 
inverters) new ones have integrated AC/DC disconnect .  They do not divert to emergency back 
up because batteries would then be required and the DOT does not want to deal with the 
additional cost of maintenance associated with batteries.  It has been considered though.     

 
Lessons Learned 
 
The intent of the project was to demonstrate the feasibility of the technology and also to gain 
experience from an education standpoint and allow DOT to become familiar with the projects.   
The projects have fulfilled this purpose.   

 
Funding was initially a barrier, however UDOT continued to apply for grants and presented the 
projects well and were ultimately successful.  
 
 



Utah DOT explains that good internal support is important.   They have also learned that people 
need feedback on how the system is doing.  It helps make employees more aware of their habits 
and increase their efforts at conservation if they can get feedback, using simple tools that 
measure power input and allow users of the building to observe what you are producing and 
conserving.  
 
UDOT offered that a question that DOTs need to consider is “do you invest in renewable energy 
or energy efficiency?”  UDOT offers that you need to couple energy efficiency projects with  
practicing efficiency with renewables in order to obtain the best value.   They also firmly believe 
that facilities are designed for the long term and you need to build them right the first time.  
 
For future projects, UDOT is looking into the technology provided by an overseas company that 
“harvests mechanical energy imparted to roadways, railways and runways from passing vehicles, 
trains and pedestrian traffic and converts it into green electricity. The system, based on a new 
breed of piezoelectric generators, harvests energy that ordinarily goes to waste and can be 
installed without changing the habitat”.   UDOT is considering using this technology in rest 
areas, port of entries and other areas where traditional ground mounted systems are used.  Where 
ground mounted systems have in the past been vulnerable to vandalism and theft- these systems 
are buried in the ground.  These systems can also be used in light rail.   

 
 

 
 
 

  



Vermont Agency of Transportation 

 

Robert White- Director of ConnectVermont, of Vtrans   
 

ConnectVermont is responsible for a suite of inter-related software applications on top of a 
single, consolidated database to support travelers and travel destinations in Vermont.  
ConnectVermont is funded by the Federal Highway Administration (FHWA) via a project 
called the Intelligent Transportation Systems (ITS), with matching funds provided by state 
agency partners. 

 
There are over 50 solar variable message signs (VMS), which convey weather related or 
accident-related information to drivers in Vermont.  Areas with high accident rates have been 
ID’d for placement.  Most are located along the Interstate.  The oldest units are 6 years old and 
are in remote and urban locations.    
 
Grid connection was not considered for the VMS units because they are portable units.   For one 
project that was semi permanent (Colchester) the estimated one-time cost of installation of 
utilities and meters was $5000.  

 

In VT, the ROW is locally owned,  Vtrans has had to work with the town of Barre to locate a 
VMS at a RR crossing where the placement of the signs was an issue.  Signs had to encroach 
onto private land, and needed permission from landowners.   
 
Life cycle cost analysis 
 
35 of the projects received funding in the form of 80% Federal funding and 20% state 
transportation funds.   

 
The approximate cost of the VMS are  $27,500 each.  Other costs include monthly cellular 
communications bills to Cingular to change messages.  

This type of renewable energy was pursued for ease of transportation of the units.    Grid 
connection was not practical for these units.  

The batteries have a 3 year warranty, but the average life is 5-7 years.  The VMS can run for 
about 2 weeks on batteries.  Signs that are heavily used need LED lights replaced occasionally as 
well.  Once a year the districts bring in the batteries for cleaning and power cycling.  
 
Software monitors the battery conditions which sends a warning when battery drops below 
certain level.  Worksafe goes out to recharge the batteries with a generator if they need it. The 
state has also a maintenance agreement with the manufacturer (Worksafe) on all communications 
and electrical problems.   
 

http://www.fhwa.dot.gov/�
http://www.fhwa.dot.gov/education/its/adults/itshome.htm�


 
Physical, and Regulatory Requirements 
 

Districts are responsible for watching snow accumulation on the units.  They try to angle them so 
that snow slides off, but they have also purchased long rakes so that they can remove the snow 
that accumulates.   

Vtrans experienced a unique problem in setting up the VMS.  The state of Vermont does not 
allow billboards so Vtrans went before the legislature to ask for an exception to allow VMSs in 
the ROW.  The exception was granted.  
 
Vtrans follows the MUTCD  with regards to federal standards on locating objects along the 
roadside, character size, message length, etc.  
 
Lessons Learned 
 
ConnectVermont  plans to expand the solar program and deploy 60 road weather information 
systems (RWIS) with at least 2 VMS adjacent to each RWIS for a total of 120 future VMS.   

 
The Vermont ban on billboards was then only notable barrier that Vtrans encountered in their 
REI program.  It took 2.5 years to overcome, but no future issues are expected.   
 
Vtrans suggests to other states, integrating the VMS with RWIS using an automated system 
because it saves times and man-hours.  Previous procedure was to manually monitor road 
conditions (via manned call center) and the RWIS systems.  Time is lost while waiting for such 
communications to occur.  RWIS have sensors in the pavement that determine roadway 
temperatures and ice treatments. ( RWIS are currently connected to the grid.)       

 
Vtrans is looking  into using  solar for stream monitoring on Route 73.  Systems can detect when 
water rises and will send a message to the VMS indicating that the road ahead is flooded.  Solar 
is really the only option at this very remote location.   



Wisconsin Department of Transportation 
 
Dean Beekman- WI DOT  Statewide ITS Engineer.  
Peter Rafferty- ITS program (University of Wisconsin) contracted to support Wisconsin Traffic 
Operations and Safety, Research and Development.   

 
Wisconsin DOT has been using solar to power  for 10-15 years in various applications such as  
portable changeable message signs (PCMS).  WisDOT also uses microwave detectors to record 
data of traffic flow and vehicle counts.  They previously used loop detectors which are imbedded 
in the pavement, but over the past 5-7 years, they have installed approximately 40-50 solar 
microwave detectors, both temporary and permanent, that collect information which is sent 
wirelessly back to a data center.  Two 90 watt solar panels are mounted on a 30 foot pole.  They 
also use solar powered portable cameras on a trailer for temporary use or in construction zone. 

WisDOT also uses solar powered Bluetooth detectors, which uses signals from cell phones, etc, 
to track travel time.  They currently have 20 units that are all solar powered.   
 
Life cycle cost analysis 
 
These units and systems are always part of larger improvement project, which are generally 
federally funded at  80:20 or 90:10.  The costs are not specifically broken out as funding for a 
solar program.   
 
One system, consisting of two solar panels, batteries and regulator cost about $2500.00.   With 
construction, including the pole, detector, cabinet, the total cost is around $15,000.   The 
estimated life-expectancy of the REI is about 10 years, but they will leave them up as long as 
they are running.  
 

Wisconsin chooses to use solar because of the portability in temporary/construction-type 
situations.  Using solar for permanent location usually ends up being cheaper as well.  The 
expected payback period for the REI depends on what the cost of electric connection would have 
been and the associated monthly costs of electricity, but sometimes the payback is immediate.  
Ease of use and flexibility mean a lot to the DOT in terms of payback.   

 

Physical, and Regulatory Requirements 
 
The REIs may require extra maintenance in the winter since cold weather drains batteries 
particularly if they are used heavily in the months of January- February .   They have found that 
solar is more finicky and they sometimes have more issues with PCMS.   But since they are 
portable you can take them inside and clean them off.    
 



A contracted vendor deals with batteries and maintenance, and some maintenance is done by 
county personnel.  WISDOT contracts with counties for some services (such as road plowing) 
which is different from most other DOTs.  
 
Semi permanent units are located out of the clear zone as much as possible and sometimes placed 
on a pad.  Poles are break-away for the microwave detectors (similar to what is standard for 
traffic signals) while temporary units have different standards.    
 
A battery can last for 10 days if fully charged.   
 
Lessons Learned 
 
Wisconsin DOT feels that the use of solar is cost effective, offers great amount of flexibility,  
and is another “tool” in the “toolbox”.  Remote applications in combo with wireless for remote is 
very cost effective way of collecting traffic info.   

 
Wisconsin DOT is looking at using fuel cells which involve a methanol powered generator as an 
emergency backup, however it may be cost prohibitive.  

Wisconsin DOT is considering the use of a solar/wind hybrid unit to power a camera at an 
intersection north of Madison.  They have learned some lessons from other states and will not be 
using a converter, the camera will run off DC power.  Hopefully this project will be up by the 
end of 2010.  It will use a 200 watt wind turbine.  It will be experimental to see if they can get 
enough wind at a lower elevation.  Most turbines must be up very high to get enough wind.  
Also, to see if it is even worth it, since 2 solar panels (@ 120 watt each) can give more power 
than one 200 watt turbine.   

 



 

 

 

 

 

Appendix IV 

REI Manufacturer/Installer Questions and Interviews 
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Task 64 Feasibility Study of Using Solar or Wind Power for Transportation Infrastructure 
Questions for Manufacturers/Installers of REIs 

 
 

1. What types of REIs (Renewable Energy Infrastructure) have you provided (or might be 
able to provide) to DOTs?  Please describe 1-3 products that have been most successful 
(or would be sucessful) for use by DOTs.  
 

2. What are the physical requirements for the use of these REI products (amount of wind 
and solar resources, ROW land area)?  

a) Do any of your REI products have features that might limit its effectiveness in 
different weather conditions, particularly, air temperature, wind speeds, 
atmospheric conditions of erosion (sand and particulate matter impact), air 
chemistry including acidic rain or smog, snow or sleet condition, or other 
impacts? 

b) What methods can be used to mount your REI in the field?   
 

3. What are some of the maintenance requirements?  Are there warranties available? 
 

4. What national standards and/or state regulations do your products conform to?  
 
5. Do you have equipment for your REI that measures output or energy production?  

 
6. Is the product grid-connected or not?  If yes, how is it connected to the grid? (Equipment 

used, etc.) 
 

7. What are the grid connection requirements of your product?  Are you aware of grid 
connection requirements used by the DOTs or other government agencies? 
 

8. If product is not grid-connected, is energy storage provided and how?  
a) For how long is the product designed to operate in energy storage mode?   
b) What is the life expectancy and servicing requirements for your storage devices? 
c) Does this meet DOT safety requirements regarding power backup? 

 

Life Cycle Cost Analysis Questions: 
 

9. What is the average cost of the product used by DOTs? 
 

10. What is the value benefit associated with the REI proposition? (Please describe the 
existing situation versus the new product?) 

 
11. What is the expected payback of the product? (Under what assumptions?) 



The Louis Berger Group, Inc.                                            
 

 
12. What is the estimated life-expectancy of your REI?  Do any of the components have a 

shorter life expectancy than the average for the system? 
 

13. What are the performance characteristics of your REI?  Has this performance been 
validated by a third party?   

 
14. Has your product been approved for Renewable Energy Credits in any states, where? 

 

General Discussion: 
 

15. Are there any best practices or lesson learned for DOTs to implement these types of 
REIs?  Please explain. 
 

16. Are there additional opportunities or emerging technologies with these REIs for use with 
DOTs for transportation infrastructure?  Please explain. 
 

 



 

 

 

 

 

REI Manufacturer/Installer Interviews 
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Task 64 Feasibility Study of Using Solar or Wind Power for Transportation Infrastructure 
Questions for Manufacturers/Installers of REIs 

 

Interview Contact Information 

 

Name Eric Nill 
Facility Name Alternative Energy Systems 
Address 65 Centenial Loop, Eugene OR 97401 
Telephone 541 683-2345 
Email eric@aesrenew.com 
Date August 9, 2010 
Website      www.aesrenew.com 
 
AES is the contractor that designed the solar part and installation for the Oregon Solar Highway. 
 

Interview Summary 

 

1. What types of REIs (Renewable Energy Infrastructure) have you provided (or might be able to 
provide) to DOTs?  Please describe 1-3 products that have been most successful (or would be 
successful) for use by DOTs.  

 
104 kW solar array for the Oregon Solar Highway, (600 Panels, ~175w each) that are fixed and ground 
mounted.  The units have a 30 degree tilt and can be grid-tied.  The product is successful and projects 
using this product are expected to continue to develop. In the future, transformer capacity will allows 
for doubling of array size; hence, leading to larger deployment opportunities for REI applications. 
 
Financial model: PPA 
Investor: Bank 
 
Project Example:  Oregon Solar Highway: Interchange 205 
The objective of the project was to: 

a. produce energy to displace the DOT highway lighting consumption 
b. Reduce carbon footprint 

 
The array included a security fence which is monitored electronically and a monitoring system. 
 

mailto:eric@aesrenew.com�
http://www.aesrenew.com/�


NCHRP Project 25-25 Task 64 

Feasibility Study of Using Solar or Wind Power for Transportation Infrastructure 
 

 

Utility - Portland General Electric 
 

2. What are the physical requirements for the use of these REI products (amount of wind and solar 
resources, ROW land area)?  

a) Do any of your REI products have features that might limit its effectiveness in different 
weather conditions, particularly, air temperature, wind speeds, atmospheric conditions 
of erosion (sand and particulate matter impact), air chemistry including acidic rain or 
smog, snow or sleet condition, or other impacts? 

b) What methods can be used to mount your REI in the field?   
 
Ground mounting is completed according to local weather conditions and engineering requirements. In 
areas where there are high prevailing winds, ground mounting requirements can differ significantly or 
even render the equipment unusable. 
 

3. What are some of the maintenance requirements?  Are there warranties available? 
 
Maintenance requirements: 

a. Solar panels need to be cleaned twice a year even though the 30 degree tilt and/or weather 
minimizes the need to manual cleaning 

b. Security fence needs maintenance from time to time. 
 
 

4. What national standards and/or state regulations do your products conform to?  
 

a. UL listing of all components; 
b. Conforms to construction engineering standards; 
c. Prevailing wage requirements; 
d. Because of utility union issues the DC part and AC parts have to be contacted by two entities. 

 
 

5. Do you have equipment for your REI that measures output or energy production?  
 
Yes a monitoring system manufactured by DECK Monitoring provides the following on-line data: 

a. energy production 
b. weather conditions 
c. Solar irradiance 
d. No string monitoring is provided 

 
 

6. Is the product grid-connected or not?  If yes, how is it connected to the grid? (Equipment used, 
etc.) 
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Grid connected 
 

7. What are the grid connection requirements of your product?  Are you aware of grid connection 
requirements used by the DOTs or other government agencies? 
 
Grid connection is accomplished with an inverter and utility transformer 
No general knowledge about specific standards.  Installations are done in accordance to each set 
of specifications. 
 

8. If product is not grid-connected, is energy storage provided and how?  
a) For how long is the product designed to operate in energy storage mode?   
b) What is the life expectancy and servicing requirements for your storage devices? 
c) Does this meet DOT safety requirements regarding power backup? 

N/A 
 

Life Cycle Cost Analysis Questions: 
 

9. What is the average cost of the product used by DOTs? 
 
Project cost over $1M 
No exact cost provided 
Project took longer than expected because of: 

a. A mid-island location 
b. interagency coordination 
c. boring under highway to access island 
d. security fence 
e. separation of AC part (union) to DC part 

 

10. What is the value benefit associated with the REI proposition? (Please describe the existing 
situation versus the new product?) 

 

a. Provide energy to DOT to displace the cost of highway lighting 
b. Reduce carbon footprint 
c. Act as a model project for cooperation between various state agencies and public sector 

 

11. What is the expected payback of the product? (Under what assumptions?) 
 
Do not know 
 

12. What is the estimated life-expectancy of your REI?  Do any of the components have a shorter life 
expectancy than the average for the system? 
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The estimated life expectancy of the: 

a. Solar modules 20+ years 
b. inverter 10-15 years 
c.  

 

13. What are the performance characteristics of your REI?  Has this performance been validated by 
a third party?   

 
Performance is validated with the existing EMS that provides real time production data. 
No request for third party validation. 
 

14. Has your product been approved for Renewable Energy Credits in any states, where? 

 
Yes 
Oregon energy trust claims RECs from years 6-20 
Owner claims RECs from 0-5 and 20-35 years 
 

General Discussion: 
 

15. Are there any best practices or lesson learned for DOTs to implement these types of REIs?  
Please explain. 

 

a) project becomes more complex when dealing with various state agencies and utilities 
b) need to allow time for delays due to licensing, approvals etc 
c) Need to have a Champion representing the project, in this case Oregon, DOT 

 

16. Are there additional opportunities or emerging technologies with these REIs for use with DOTs 
for transportation infrastructure?  Please explain. 
 

a. There will be other opportunities with other utilities if all parties can cooperate towards a 
common goal 

b. It would significantly simplify these sorts of projects if regulatory and incentive environment for 
project will be consistent and stable 
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Task 64 Feasibility Study of Using Solar or Wind Power for Transportation Infrastructure 
Questions for Manufacturers/Installers of REIs 

 
Interview Contact Information 
 
Name:   John Hayes 
Facility Name:  John Hayes Solar Technology  
Address:   7620 Cetronia Road, Allentown, PA  18106 
Telephone:  (610) 391-8600 
Email:    jhayes@solartechnology.com 
Date:    August 3, 2010 
Website:  http://www.solartechnology.com 
 

Interview Summary 

 

1. What types of REIs (Renewable Energy Infrastructure) have you provided (or might be able to 
provide) to DOTs?  Please describe 1-3 products that have been most successful (or would be 
successful) for use by DOTs.  

 
Manufacture: solar powered, portable, trailer mounted, LED lighted signage for roads to replace 
diesel powered systems including:  
 

a) direction arrow, since 1991 
b) message boards, 1995 
c)  radar speed trailer, 2002 
 

Has also developed a solar platform on a tower trailer that can be used to power sensors for traffic 
monitoring; for example, camera, or ITS needs where data is extracted and used for alerts.   

 

2. What are the physical requirements for the use of these REI products (amount of wind and solar 
resources, ROW land area)?  

a) Do any of your REI products have features that might limit its effectiveness in different 
weather conditions, particularly, air temperature, wind speeds, atmospheric conditions 
of erosion (sand and particulate matter impact), air chemistry including acidic rain or 
smog, snow or sleet condition, or other impacts? 

b) What methods can be used to mount your REI in the field?   
 

• Users have to be able to access the equipment 
• Need appropriate sunlight but normally what is available is adequate 
• Sign will run after disconnecting panel for 10 days with minimal batteries 
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• Not sensitive to temperature, Ontario uses their products to the north but the panels have to be 
angled,  the signs work to -40 F degree, due to batteries 

 
 

3. What are some of the maintenance requirements?  Are there warranties available? 
 

• Every three months the user should take a squeegee and clean the solar panels 
• Add distilled water to batteries  
• Grease wheel bearings 
• 5 year warranty is provided on all products with only exclusion being tires and batteries because 

they are consumables, and plug in charger that is provided for battery charging if that is needed 
(charger comes with 2-year warranty). 

• John Hayes is a manufacturer that sells to dealers.  Dealers sell to highway contractors and 
municipalities that require conforming equipment be used at the responsibility of the contractor 

 

4. What national standards and/or state regulations do your products conform to?  
 

• Manual on Uniform Traffic Control Devices (MUTCD), National HSWA guideline – this requires 
general types of output like a wavelength of amber (legibility), heights of letters based on speed 
visibility) as just a couple of the many specification requirments. 

• Each state has their own regulations and there is no standardization, so manufacturer has to 
stay current on new regulations. 

• DOT has state-wide requirement for traffic safety 
• Product are listed on agency “approved product list” 
 
 

5. Do you have equipment for your REI that measures output or energy production?  
 

• There is an EMS on board that measure the solar panel voltage and amperage and the same for 
the battery, this information is displayed on the LCD screen on the management device, the idea 
is to not overcharge the batteries and damage them.   

•  
 

6. Is the product grid-connected or not?  If yes, how is it connected to the grid? (Equipment used, 
etc.) 

• No extra energy is produced that can be grid connected,  the power is only available for charging 
the battery supply 

 

7. What are the grid connection requirements of your product?  Are you aware of grid connection 
requirements used by the DOTs or other government agencies? 

• Not applicable 
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8. If product is not grid-connected, is energy storage provided and how?  
a) For how long is the product designed to operate in energy storage mode?   

• The system uses regular batteries.  The number of batteries determines how long it can run in 
storage mode, max tested is over 40 days.  They will sell as many as 12 batteries on a platform, 
that would even to closer to 60 days. 

 

b) What is the life expectancy and servicing requirements for your storage devices? 
 

• batteries typically last 7 years 
• servicing requirements for lead acid batteries is just fluid levels 
• glass-mat or gel cell batteries are available, with no servicing requirements 
 

c) Does this meet DOT safety requirements regarding power backup? 
• System meets specifications of DOT 

 

Life Cycle Cost Analysis Questions: 
 

9. What is the average cost of the product used by DOTs? 
• $15,000/message board 
• $3000/arrow board 
• $6,000 radar speed trailer 
• $18,000 tower without camera 

 

10. What is the value benefit associated with the REI proposition? (Please describe the existing 
situation versus the new product?) 

 

• Benefits are: 
a) no manpower 
b) no odor 
c) no noise 
d) cars or trucks that occasionally  hit products do not have diesel spill that requires spill 

response 
e) less of a health and safety factor of bi-daily refuel versus acid battery recharge every 

few months 
 

11. What is the expected payback of the product? (Under what assumptions?) 
 

• Cost of a sign is about the same as other systems,  
• ROI is in labor savings and spill response 
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12. What is the estimated life-expectancy of your REI?  Do any of the components have a shorter life 
expectancy than the average for the system? 

 

• Systems are used per job, so life expectancy is not an issue 
 

13. What are the performance characteristics of your REI?  Has this performance been validated by 
a third party?   

 

• Not pertinent to this system 
 

14. Has your product been approved for Renewable Energy Credits in any states, where? 
 

• Not relevant to this system 

 

General Discussion: 
 

15. Are there any best practices or lesson learned for DOTs to implement these types of REIs?  
Please explain. 

 

• Diesel powered products are only mentioned in about 5 states now because of the advantage of 
solar power 

• Signage gets deployed to market through three types of dealers:  equipment dealers, rental 
places (Hertz, etc.),  traffic safety house (inventory signage, cones, barricades, lane delineators, 
flashers, etc) –entire safety house are often subcontracted, these are typically WB, Hub Zone, 
8A, or other set-aside 

• A highway contractor may do a lot of work but not own a lot of equipment,  
• Ingersol Rand makes generators that have fuel consumption guide per hour assuming number of 

message boards per job with 24x7 basis.   Now that solar is available there are a lot more signs 
used now because of new safety guidelines.  Looking at historical data on usage is just not 
realistic. 
 

16. Are there additional opportunities or emerging technologies with these REIs for use with DOTs 
for transportation infrastructure?  Please explain. 

 

• John Hanes Solar Technology is constantly modifying products to meet requirements of DOT.  
Change are regular. 
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Task 64 Feasibility Study of Using Solar or Wind Power for Transportation Infrastructure 
Questions for Manufacturers/Installers of REIs 

 
Interview Contact Information 

 
Name:    Jake Stansell 
 
Facility Name:  Stansell Electric Co.   
 
Address:   860 Visco Drive,Nashville, TN 37210 
 
Telephone:  (615) 329-4944 
 
Email:   jstansell@stansellelectric.com 
 
Date:   August 3, 2010 
 

Interview Summary 

 
1. What types of REIs (Renewable Energy Infrastructure) have you provided (or might be able to 

provide) to DOTs?  Please describe 1-3 products that have been most successful (or would be 
successful) for use by DOTs.  

 
Products: Signalization, signage, IT transportation systems 
 
Solar systems 

• Solar school zone sign,  
• Signalizations with LED 
• Highway advisory signs for radio-based condition warnings 
• No highway lighting they use HID fixtures 
• Solar temporary signals for road construction, no operator needed 

 

2. What are the physical requirements for the use of these REI products (amount of wind and solar 
resources, ROW land area)?  

a) Do any of your REI products have features that might limit its effectiveness in different 
weather conditions, particularly, air temperature, wind speeds, atmospheric conditions 
of erosion (sand and particulate matter impact), air chemistry including acidic rain or 
smog, snow or sleet condition, or other impacts? 

b) What methods can be used to mount your REI in the field?  
 

• Solar panels use mounting bracket, simple to install 
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• Panels are matched to device use 
• Most of devices have batteries 
• 7-30 days with battery based on design from engineer 

 

3. What are some of the maintenance requirements?  Are there warranties available? 
• Panel maintenance is cleaning 
• Batteries are replaced as needed 
• Not sure about warranties, they would be provided by the manufacturer 

 

4. What national standards and/or state regulations do your products conform to?  
 

• Designed by engineering firm following state standards 
• Bid specs are reviewed and company goes to vendors for bids 
 

5. Do you have equipment for your REI that measures output or energy production?  
• No information provided 

 

6. Is the product grid-connected or not?  If yes, how is it connected to the grid? (Equipment used, 
etc.) 

 

• none of these solar products are grid connected 
 

7. What are the grid connection requirements of your product?  Are you aware of grid connection 
requirements used by the DOTs or other government agencies? 

 

• Not applicable 
 

8. If product is not grid-connected, is energy storage provided and how?  
a) For how long is the product designed to operate in energy storage mode?   
b) What is the life expectancy and servicing requirements for your storage devices? 
c) Does this meet DOT safety requirements regarding power backup? 

 

• No information available 
 

Life Cycle Cost Analysis Questions: 
 

9. What is the average cost of the product used by DOTs? 
 

• School zone, radar $4,000-5000 solar power is a premium 
• Temporary signals on sites $45,000 
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10. What is the value benefit associated with the REI proposition? (Please describe the existing 
situation versus the new product?) 

 

• Engineers determine deployment 
• Access to electric is a determining factor or where load is small enough where it makes sense 
• When little disturbance is wanted, or speed 

 

11. What is the expected payback of the product? (Under what assumptions?) 
 

• Not applicable 
 

12. What is the estimated life-expectancy of your REI?  Do any of the components have a shorter life 
expectancy than the average for the system? 

 

• Long history is not available 
• They have contract with State of Tennessee for maintenance so history will develop 
• Panels should last longer than batteries 
• Signalization life expectancy is 7 years 
 
13. What are the performance characteristics of your REI?  Has this performance been 
 validated by a third party? 
 

• Has not been necessary 
 

14. Has your product been approved for Renewable Energy Credits in any states, where? 

• Not applicable 
 

General Discussion: 
 

15. Are there any best practices or lesson learned for DOTs to implement these types of  REIs?  
Please explain. 
 

• Anytime LED is used, solar is potential 
• CT TV camera could be powered by solar 
• Message signs are very good solar product 
• Would like to try highway lighting when LED is less expensive 
• LED solar runaway lighting at airport 

16. Are there additional opportunities or emerging technologies with these REIs for use with DOTs 
for transportation infrastructure?  Please explain. 

• No information provided 
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Task 64 Feasibility Study of Using Solar or Wind Power for Transportation Infrastructure 

Questions for Manufacturers/Installers of REIs 
 
Interview Contact Information 
 
Name:   James Sacrone 
 
Facility Name:  Ultratech Lighting, Inc. 
 
Address:  3812 Cedar Heights Drive  
   Cedar Falls, IA 50613 
 
Telephone:  (515) 865-0010 
 
Email:   Jim@ultratechlighting.com 
 
Date:    August 5, 2010 

Interview Summary 

 
1. What types of REIs (Renewable Energy Infrastructure) have you provided (or might be able to 

provide) to DOTs?  Please describe 1-3 products that have been most successful (or would be 
successful) for use by DOTs.  

 

• Two types of renewable power systems: solar and solar/wind hybrids 
• 50-250W panels attached to highway lights 
• 300W small-wind turbine on top of pole, horizontal access because of size 600W max would be 

a stand alone 
• For the solar : battery, not grid connected; LED and induction lights can be used and both are 

compatible to battery, induction has a longer life than LED, for highway lighting they are better 
than HID 

• Wind turbine inverter should last 10 years like rest of components 
 

2. What are the physical requirements for the use of these REI products (amount of wind and solar 
resources, ROW land area)?  

 

• Wind turbine can withstand winds up to tornado velocity, 50m/s 
• Sand storms can damage equipment 
• Sandstorms can also effect solar panels 
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a. Do any of your REI products have features that might limit its effectiveness in different 
weather conditions, particularly, air temperature, wind speeds, atmospheric conditions 
of erosion (sand and particulate matter impact), air chemistry including acidic rain or 
smog, snow or sleet condition, or other impacts? 

b. What methods can be used to mount your REI in the field?   
• Base and pole is the same with or without REI components. 

 

3. What are some of the maintenance requirements?  Are there warranties available? 
 

• Little or no maintenance, turbine blades are small 
• Battery needs maintenance 
• Light source has minor failure and there is low maintenance for induction 
• LED would need some replacements 

 

4. What national standards and/or state regulations do your products conform to?  
 

• State guidelines for pole construction, for example, 5 feet down to get away from frost. 
 

5. Do you have equipment for your REI that measures output or energy production?  
 

6. Is the product grid-connected or not?  If yes, how is it connected to the grid? (Equipment used, 
etc.) 

 

• Battery connected 
 

7. What are the grid connection requirements of your product?  Are you aware of grid connection 
requirements used by the DOTs or other government agencies? 

 

• Not applicable 
 

8. If product is not grid-connected, is energy storage provided and how?  
a. For how long is the product designed to operate in energy storage mode?   
b. What is the life expectancy and servicing requirements for your storage devices? 
c. Does this meet DOT safety requirements regarding power backup? 
 

• Battery3-5 days on battery alone, customer’s choice regarding battery source 
• Equipments meets bid requirements 

 

Life Cycle Cost Analysis Questions: 
 

9. What is the average cost of the product used by DOTs? 
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• Solar/wind hybrid  $6,000 single pole 
• Solar $2500-$3000 depending on size, battery and controller are factors 
  

 

10. What is the value benefit associated with the REI proposition? (Please describe the existing 
situation versus the new product?) 

 

11. What is the expected payback of the product? (Under what assumptions?) 
 

• Depends on system  
 

12. What is the estimated life-expectancy of your REI?  Do any of the components have a shorter life 
expectancy than the average for the system? 

 

• 10 years for solar and turbine except battery 
• battery needs changing 3-5 years 

 

13. What are the performance characteristics of your REI?  Has this performance been validated by 
a third party?   

 

• Rates to utilities are based on usage, so you could estimate avoided emissions tracking lighting 
hours  

• Utility could meter units to get average 
• Additional cost for monitoring equipment 

 

14. Has your product been approved for Renewable Energy Credits in any states, where? 
 

• No information 
 

General Discussion: 
 

15. Are there any best practices or lesson learned for DOTs to implement these types of REIs?  
Please explain. 

 

• Feedback on China installations have been good 
 

16. Are there additional opportunities or emerging technologies with these REIs for use with DOTs 
for transportation infrastructure?  Please explain. 
 

• DOT could evaluate cost break even with solar hybrid  
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Task 64 Feasibility Study of Using Solar or Wind Power for Transportation Infrastructure 

Questions for Manufacturers/Installers of REIs 
 

Interview Contact Information 

 

Name Ken Starcher 
Facility Name Alternative Energy Institute Reseach Facility 
Address W Texas A&M Univ 
Telephone 806 651 2295 (the facility has moved) 
Email kstarched@wtamu.edu 
Date August 3, 2010 
 
The purpose of the facility is: 

a. to collect & test REIs 
b. Resource assessment across the state of Texas 
c. Information dissemination, training and education 

 

Interview Summary 

 

1. What types of REIs (Renewable Energy Infrastructure) have you provided (or might be able to 
provide) to DOTs?  Please describe 1-3 products that have been most successful (or would be 
successful) for use by DOTs.  

 
Two grid-connected wind turbines were installed at two DOT rest stops. 

a. At Allenbreed at gray county Texas (on I-40) 
b. Pine springs in Culberson county 

 
The objective of the two wind turbine installations were: 

a. To provide an active kinetic attraction that would encourage drivers to stop at the rest stop. This 
is what they termed “accident management”. If they can encourage as many drivers as possible 
to stop at the facility and break the monotonous driving of I-40 and by that prevent accidents it 
is a worth while investment; 

b. To provide reduction in energy consumption of these facilities as a secondary objective. 
 

 

2. What are the physical requirements for the use of these REI products (amount of wind and solar 
resources, ROW land area)?  
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a) Do any of your REI products have features that might limit its effectiveness in different weather 
conditions, particularly, air temperature, wind speeds, atmospheric conditions of erosion (sand 
and particulate matter impact), air chemistry including acidic rain or smog, snow or sleet 
condition, or other impacts? 

 

b) What methods can be used to mount your REI in the field?   
 

 
At the Allenbreed a 50kw Entegrity wind turbine mounted on an 80’ tower with blade radius of 21’ 
providing about 80,000 kwh per year, Max design wind speed could not be obtained. 

 
At the Pine Springs a 10Kw Bergey (BWC EXCEL) wind turbine was installed on a 80’ tower with 20’ 
blade, providing about 10,000 kwh/year, Max. Design Wind Speed:  60 m/s (134 mph).  
 
Both wind turbines had a cutoff wind velocity.  

 
Deployment in a class 5 area requires a wind-turbine shutoff mechanisms to prevent damage. 

 

3. What are some of the maintenance requirements?  Are there warranties available? 
 
There are no maintenance requirements that appear to be needed for the turbines. 
 
The warranties available from the two turbine manufacturers were: 
 

a. The Entegrity provided 5 years warranty. Turbines purchased today have a 10 years warranty 
b. The Bergey comes with 2 years warranty 

 

4. What national standards and/or state regulations do your products conform to?  
 

The turbines needed to conform to FAA regulations.  The turbines are below 200’ so no lighting or 
registration was required. 
 
As far as the interconnection the products needed to conform to UL-1741 
 
Specifically the following applied: 

a. The Entegrity has an induction motor. As such it needed to be direct-grid connected. The 
connection equipment was supplied by Entegrity 

b. The Bergey needed a Trace inverter manufactured by Grid Tech. 
 
All turbines will shut off in case of grid failure. No load diversion was provided. 

 

5. Do you have equipment for your REI that measures output or energy production?  
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Some wind turbines come with an integral wind and power production. The ones that were installed 
included a standard mechanical blade meter. No recording means were provided. Rest Stop managers 
do not track energy consumption. 
 

6. Is the product grid-connected or not?  If yes, how is it connected to the grid? (Equipment used, 
etc.) 

 
Yes both products are grid connected 

 

7. What are the grid connection requirements of your product?  Are you aware of grid connection 
requirements used by the DOTs or other government agencies? 

 
UL-1741 

 

8. If product is not grid-connected, is energy storage provided and how?  
a) For how long is the product designed to operate in energy storage mode?   
b) What is the life expectancy and servicing requirements for your storage devices? 
c) Does this meet DOT safety requirements regarding power backup? 

N/A 

Life Cycle Cost Analysis Questions: 
 

9. What is the average cost of the product used by DOTs? 
 

a. The Entegrity cost $135,000 with an expected production of 80,000 kwh/year at a cost  of 
8cents/kwh retail and 2.5c/kwh wholesale 
b. The Bergey cost $40,000 with an expected production of 10,000 kwh/year 

 
 

10. What is the value benefit associated with the REI proposition? (Please describe the existing 
situation versus the new product?) 

 

d. Provided a kinetic attraction that will encourage drivers to stop and refresh 
e. Displaced some of the facility energy consumption as a secondary feature. 

 

11. What is the expected payback of the product? (Under what assumptions?) 
 

Under 8 cents/kwh 

a. The integrity will have a $6,400/year savings with a payback of 21 years; 
b. The Bergey will have $800/year savings with a payback of 50 years 

 
No state incentives were applied. 
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12. What is the estimated life-expectancy of your REI?  Do any of the components have a shorter life 
expectancy than the average for the system? 

 
The estimated life expectancy of the turbines are 30-50 years. However, the inverter life expectancy is 
10 years. 
 
 

13. What are the performance characteristics of your REI?  Has this performance been validated by 
a third party?   

 
The performance of the two turbines were not post-install validated by rest stop personnel nor by a 
third party verifier. 
 
Based on pre-install wind measurements the two sites had the following parameters: 

a. Entegrity – 80,000 kWh/year 
b. Bergey – 10,000 kWh/year 

 

14. Has your product been approved for Renewable Energy Credits in any states, where? 

 
The product is approved for RECs, however at the time that it was installed, 2005, no REC was applied 
for. 

 

General Discussion: 
 

15. Are there any best practices or lesson learned for DOTs to implement these types of REIs?  
Please explain. 

 

a) DOTs place a value on reduction of accidents. Such kinetic attractions encourages 
drivers to stop and refresh 

b) Any REIs should be installed with electronic metering and remote management features 
 

16. Are there additional opportunities or emerging technologies with these REIs for use with DOTs 
for transportation infrastructure?  Please explain. 

None 
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