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NS 651 – Solar Roadway Lighting: Literature Search 
July 9, 2021 

Prepared for: Brent Rusco 

Prepared by: Marilee Tuite, marilee.tuite@state.mn.us 

Resources searched: TRID, Transport, ASCE; Google Scholar 

Summary: Results are compiled from the databases named above. Links are provided for full-text, if possible, or to the 
full record citation. I completed my searches using the following terminology: intersections, rural intersections, rural 
highways, lighting, roadway lighting, solar. Results are arranged into “most relevant” and “other.” 

Most Relevant Results 
Title: Safety Countermeasures at Unsignalized Intersections – A Toolbox Approach 
Source: Virginia Tech Transportation Institute (2020) 
Abstract: Between 2010 and 2014, unsignalized intersections were responsible for more than 70% of the intersection 
and intersection-related fatalities. This report documents 83 suitable safety countermeasures that can be used at 
unsignalized intersections to mitigate crash risks. A number of these have potential for cost-effective, systemic 
implementation, including LED-enhanced Stop signs, retroreflective panels on sign posts, center line pavement markings 
in a median crossing, center line pavement markings on the minor road approach, and installation of intersection 
lighting. 
Note: Several countermeasures have a solar component. Use control + F to search for the word solar. 
Full text via https://vtechworks.lib.vt.edu/handle/10919/99096 
 
Title: Safety Evaluation of Stop-Sign Mounted Beacons―A Cross-Sectional Study 
Source: Journal of Transportation Technologies, vol. 9, no. 1 (2019) 
Abstract: Agencies in Iowa have utilized both overhead flashing beacons and stop-sign mounted beacons. Although 
several studies have shown that overhead flashing beacons are effective, some concerns have been raised about driver 
confusion. The main concern is that a driver may interpret a multiface flashing beacon with a red indication for their 
approach as an all-way stop control. As a result, the Iowa DOT has been advocating use of stop-sign mounted beacons 
rather than overhead flashing beacons. Since little information is available about this countermeasure, data for 
intersections with (treatment) and without (control) stop-sign mounted beacons were identified and a cross-sectional 
analysis conducted (due to few confirmable installation dates). Rural stop-controlled intersections with stop-sign 
mounted beacons in Iowa (USA) were identified (40 in total). Intersection characteristics such as number of approaches, 
intersection angle etc. were extracted. Additionally, characteristics of individual approaches such as roadway surface 
(gravel/paved), advanced stop-sign rumble strips, and advance signing were recorded. …. Presence of stop-sign mounted 
beacons was associated with a 5% - 54% reduction in nighttime crashes. Injury nighttime crashes decreased by 54% and 
total nighttime crashes reduced by 18%. 
Note: see final paragraph, “Additionally, the cost of installing stop sign mounted beacons is less than overhead beacons 
since stop-sign beacons do not require overhead wiring structures or taping into a power source. In most cases, the 
beacon is powered using a solar panel. Overall stop-sign mounted beacons are a reasonably low cost countermeasure 
which have significant potential to reduce nighttime crashes at rural intersections.” 
Full text: https://www.scirp.org/html/6-3500454_89812.htm  
  

https://vtechworks.lib.vt.edu/handle/10919/99096
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Title: Evaluation of Rural Intersection Treatments 
Source: Iowa DOT (2018) 
Abstract: Because crashes at rural intersections frequently result from failure to yield, agencies attempt to find 
countermeasures that encourage drivers to stop and yield appropriately. In this research, two promising low-cost rural 
intersection countermeasures were selected and evaluated for their impact on safety: post-mounted beacons and 
retroreflective strips on stop sign posts. The post-mounted beacons were set to activate only when an approaching 
vehicle’s speed surpassed a predetermined threshold. High-crash rural stop-controlled intersections were identified 
using in-house crash and roadway data and then filtered for suitability via site visits. The retroreflective strips were 
installed on stop signs at 14 intersections on both minor street approaches. The post-mounted beacons were installed 
on stop signs at 10 approaches at 6 intersections. Driver behavior was used to assess the countermeasures. Because the 
post-mounted beacon was expected to noticeably impact driver behavior while the retroreflective strips were not, 
driver behavior data were only collected at locations where post-mounted beacons were installed. Video data were 
collected using trailer-mounted cameras at all 10 approaches where post-mounted beacons were installed 1 month 
before and 1 month after installation. For 6 of the 10 approaches, data were also collected 12 months after installation. 
Several driver behavior metrics, including type of stop, stopping position, braking point, and number of times braking, 
were reduced for a random sample of vehicles for each approach in each evaluation period and were compared before 
and after installation. Overall, the post-mounted beacon had an overwhelmingly positive safety benefit, as measured by 
several changes in driver behavior. Most approaches where the countermeasure was installed experienced increases in 
the number of drivers making full stops, braking within 450 to 500 ft of the intersection, stopping at or before the stop 
bar, and braking only once. Ideally, these improvements in driver behavior will result in reduced crashes at the study 
intersections. Because the retroreflective strips were not evaluated, the researchers propose to conduct a crash analysis 
when at least three years have elapsed after installation. 
Note: see p. 13 for mention of the solar panel on the beacon. 
Full text via http://publications.iowa.gov/27883/ 
 
Title: You are my sun sign 
Source: Highways, vol. 73, no. 2 (2005) 
Abstract: The first solar powered road sign in Devon, UK, was installed at a busy junction on the A38 near Watts Cottage, 
Burlescombe, Tiverton in 2004. The Solagen SAS 600 sign warns drivers, as they pass, to slow down for the junction. 
Speed readings taken before and after the warning sign was installed showed a general reduction in speed of 6mph and 
a reduction in the number of drivers approaching the junction too fast. The Solagen sign has no energy costs and low 
maintenance requirements. With an expected life span of 100,000 hours, the light emitting diodes (LED) should be in 
operation for 27 years. Installation costs were #5,000. The sign is fitted with a photo-sensor that adjusts the LED's 
output according to ambient light levels. The radar detects vehicles up to 100m away, allowing a warning to be given. 
https://trid.trb.org/View/787039 
Full text available upon request 
 
Title: LEDs, Curfews and Solar Power Reduce Lighting Costs: Balancing Conservation With Driver Safety 
Source: Virginia DOT (2008) 
Note: This is a literature review produced in 2008. 
Full text: http://vtrc.virginiadot.org/rsb/RSB18.pdf 
  

http://publications.iowa.gov/27883/
https://trid.trb.org/View/787039
http://vtrc.virginiadot.org/rsb/RSB18.pdf
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Other Results 
This guide talks about rural intersection lighting but only mentions solar once: 
Title: Guide for optimizing the effectiveness and the efficiency of roadway lighting. 
Source: prepared for New York State Energy Research and Development Authority and NYSDOT (2012) 
Abstract: The objective of the present project was to develop a simple guide for roadway lighting replacement 
approaches using new light source technologies to maintain visibility for safety, while reducing energy use. 
Several roadway types were evaluated: parkways, residential streets and rural intersections. The guide is to 
be suitable for a non-technical readership familiar with roadway design and safety issues, but not 
necessarily with lighting. A review of published literature and a survey of engineers from New York State 
and local transportation agencies were conducted. Based on this information as well as data on new light 
source technologies, a series of roadway types for inclusion in the guide was selected, and 
recommendations for roadway lighting system replacement were developed. Analyses of the visual efficacy 
produced by different lighting systems under nighttime conditions, and the performance characteristics of 
light emitting diode (LED) and induction fluorescent lighting systems, resulted in recommendations for 
replacement of high pressure sodium (HPS) lighting systems. The resulting energy savings ranged from 
about 7% to 50% depending upon the roadway type. Energy savings for isolated rural intersections could 
depend upon the level of pedestrian traffic expected. A number of new light sources that produce “whiter” 
light than the incumbent HPS technology used on most roadways have been developed and significantly 
improved in the past decade. Using these technologies in combination with recent information about driver 
and pedestrian vision under nighttime conditions could result in energy savings for different roadway types. 
A guide for replacement strategies resulting from the present project contains pointers to information about 
lighting policies, practices, technologies, and visual efficacy that could assist lighting decision-makers with 
other scenarios not discussed in the guide. 
Full text via https://rosap.ntl.bts.gov/view/dot/24626 
 
The final two articles might be helpful but do not focus on intersections at all: 
Title: Comparative study of lighting quality and power quality for LED and HPS luminaires in a roadway lighting system 
Source: Energy and Buildings, vol. 159 (2018) 
Abstract: Roadway lighting was one of the earliest applications for electric lighting technologies. Well-designed roadway 
lighting offers many benefits and aids the visual tasks of drivers and pedestrians. Currently, the trend of energy 
management for exterior general lighting has increased in several cities. Generally, high-pressure sodium (HPS) lamps 
have been the standard throughout Thailand since the 1980s, but the use of HPS lamps has driven high energy 
consumption. To conserve energy, light emitting diode (LED) street lighting has quickly become a new trend. The 
primary objective of this paper is to deliver an initial and in-depth assessment of LED technology for roadway lighting 
applications. This analysis focuses on the performance of LED luminaires compared with the existing standard of HPS 
cobra-head luminaires in terms of lighting quality, energy savings, power quality, and investment. The analysis is 
conducted via three components. First, simulation of the roadway lighting quality is performed using the DIALux 
programme to evaluate and compare with the standard of Thailand. Second, an experimental setup is used to evaluate 
the energy savings and power quality for cases with and without solar power. Third, the discounted payback period 
(DPP) criterion and internal rate of return (IRR) are applied to evaluate the investment scenarios. The obtained results 
conclude that the LED luminaire performs better than the HPS luminaire in terms of power quality and energy savings 
(energy-efficient index reduction of approximately 40% over the HPS luminaire), which indicates that the utility benefits 
from use of LED luminaires. However, although the lighting quality results for LED luminaire have values fairly close to 
that of the standard, the lighting quality should be improved in terms of uniformity. The results obtained from this 
analysis are expected to help to improve the roadway lighting standard of Thailand in the future. 
Full text via https://www.researchgate.net/profile/A-
Ngaopitakkul/publication/321631588_Comparative_Study_of_lighting_quality_and_power_quality_FOR_LED_and_HPS_
Luminaires_IN_A_Roadway_Lighting_system/links/5aa9dfb9aca272d39cd5e7a1/Comparative-Study-of-lighting-quality-
and-power-quality-FOR-LED-and-HPS-Luminaires-IN-A-Roadway-Lighting-system.pdf 

https://rosap.ntl.bts.gov/view/dot/24626
https://www.researchgate.net/profile/A-Ngaopitakkul/publication/321631588_Comparative_Study_of_lighting_quality_and_power_quality_FOR_LED_and_HPS_Luminaires_IN_A_Roadway_Lighting_system/links/5aa9dfb9aca272d39cd5e7a1/Comparative-Study-of-lighting-quality-and-power-quality-FOR-LED-and-HPS-Luminaires-IN-A-Roadway-Lighting-system.pdf
https://www.researchgate.net/profile/A-Ngaopitakkul/publication/321631588_Comparative_Study_of_lighting_quality_and_power_quality_FOR_LED_and_HPS_Luminaires_IN_A_Roadway_Lighting_system/links/5aa9dfb9aca272d39cd5e7a1/Comparative-Study-of-lighting-quality-and-power-quality-FOR-LED-and-HPS-Luminaires-IN-A-Roadway-Lighting-system.pdf
https://www.researchgate.net/profile/A-Ngaopitakkul/publication/321631588_Comparative_Study_of_lighting_quality_and_power_quality_FOR_LED_and_HPS_Luminaires_IN_A_Roadway_Lighting_system/links/5aa9dfb9aca272d39cd5e7a1/Comparative-Study-of-lighting-quality-and-power-quality-FOR-LED-and-HPS-Luminaires-IN-A-Roadway-Lighting-system.pdf
https://www.researchgate.net/profile/A-Ngaopitakkul/publication/321631588_Comparative_Study_of_lighting_quality_and_power_quality_FOR_LED_and_HPS_Luminaires_IN_A_Roadway_Lighting_system/links/5aa9dfb9aca272d39cd5e7a1/Comparative-Study-of-lighting-quality-and-power-quality-FOR-LED-and-HPS-Luminaires-IN-A-Roadway-Lighting-system.pdf
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Title: The Current Status of Roadways Solar Power Technology: A Review 
Source: International Symposium on Systematic Approaches to Environmental Sustainability in Transportation (2015) 
Abstract: The “Raised pavement markers” (RPMs) have been in use in Oregon for many years. A study by Oregon 
Department of Transportation (ODOT) in 2004 suggested that the solar-powered RPMs can be used on the roadway 
pavements satisfactorily. This study included laboratory testing and field observations. Light Emitting Diodes (LED) is 
fixed inside the Solar Raised Pavement Markers (SRPM). They can be used along the sidewalk pathways. Photovoltaic 
(PV) cells work by using semi-conductors to absorb light and create a flow of electrons. The advantages of using the solar 
powered roadways are not immediately felt right after the construction. The solar photovoltaic panels can be placed on 
the sound barrier walls and on bridge structures also. This paper deals with the current status of technology related to 
the solar panels that are used on roadways, bicycle paths, pedestrian sidewalks and along roadside. This paper also 
discusses the pros and cons and the feasibility of using the solar energy from the roadway pavements, parking lots, 
sidewalks, bicycle paths and roadside. 
Full text available to MnDOT employees in remote desktop via ASCE: 
https://ascelibrary.org/doi/10.1061/9780784479285.015 
 

https://ascelibrary.org/doi/10.1061/9780784479285.015
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