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Background: 
LightSavers is a project of the Toronto Atmospheric Fund (TAF), in affiliation with The 
Climate Group, and is supported by the Ontario Power Authority and Natural Resources 
Canada.  The LightSavers project aims to accelerate deployment of advanced lighting 
technologies — Light Emitting Diodes (LEDs) and smart controls — in order to reduce 
energy-use and greenhouse gas emissions.  
 
The first phase of the LightSavers project focused on pilot testing advanced lighting 
technologies in real world applications. The second phase of the LightSavers project 
focused on policy research and scale-up planning. In the final phase of the LightSavers 
Program, TAF and partners will work together to facilitate large scale deployments of 
advanced lighting technologies.  
 
For more information on the LightSavers project, including detailed pilot project results, 
see www.lightsavers.ca.  
 
For more information contact: 
Bryan Purcell 
Program Manager 
bpurcell@tafund.org 
416-393-6358 
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1 INTRODUCTION 

Street lighting is a core service provided by municipalities and utilities across Canada. Energy 
and maintenance costs, as well as environmental impacts, associated with street lighting are 
significant and growing. Light Emitting Diode (LED) street lighting technology has recently 
emerged as an energy efficient, low maintenance alternative to conventional, High Intensity 
Discharge (HID) street lighting technologies.  
 
 
This protocol is intended primarily to assist municipalities and other lighting asset managers in 
monitoring and evaluating the performance of LED products in pilots or large-scale projects. The 
protocol is focused on street lighting projects but could be adapted to suit other application areas. 
The goals of the protocol are as follows: 

• Ensure projects generate robust knowledge outcomes, which can be used to inform major 
asset management decisions. 

• Allow municipalities to share and compare project results with other cities using the same 
protocol. 

• Encourage sharing of project results in order to avoid duplication of effort and facilitate 
collective learning. 

• For larger installations, provide a viable method for cities to ensure product is complying 
with warranty conditions and assist in determining applicable maintenance programs.  
 

To those ends the protocol sets out a recommended methodology for monitoring and evaluating 
LED street lighting projects. Specific variables of interest include illuminance, uniformity, lumen 
depreciation, colour temperature stability, temperature sensitivity, energy consumption, and 
economic performance. It is understood that municipalities have limited time and resources 
available for monitoring and evaluation, and the protocol attempts to strike a balance between 
comprehensiveness and ease of implementation. It is recommended that installations be 
monitored for at least 12 months; however, some cities may want to undertake longer-term 
monitoring to verify compliance with warranty conditions.  
 

2 RATIONALE FOR MONITORING AND EVALUATION OF LED STREET 

LIGHTING PROJECTS 

LED street lighting is a relatively new technology, which has not been widely used in North 
America. Numerous municipalities across Canada have initiated pilot or demonstration projects 
to evaluate LED street lighting products. Trials to date have indicated inconsistent performance, 
with some products performing well and others failing to meet expectations. There is ongoing 
uncertainty around a number of performance variables, particularly product lifetimes and failure 
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rates. Ongoing monitoring and evaluation is crucial to allow street lighting asset managers to 
make informed decisions around implementation and operation of LED street lighting 
technology.  
 
The monitoring and evaluation approach described in this document can be applied to any size of 
project, from small scale pilot projects to city-wide installations. In the case of pilot projects, the 
purpose of monitoring and evaluation is to assess the suitability of the product(s) for future, 
larger-scale installations. In this scenario, it is recommended that the monitoring period be at 
least one-year in duration; however, an extended monitoring period of 18 months may yield 
additional insights.  
 
In the case of larger scale projects, monitoring and evaluation is still recommended. The core 
purpose in this case is to verify compliance with warranty conditions, and assess long term 
maintenance needs. Rather than monitor every light fixture which has been installed in a larger 
project, it is recommended that cities identify one site or a small number of sites for monitoring 
which are representative of the larger installation. In the case of these larger projects, it is 
recommended that monitoring and evaluation continue until expiration of the product warranty.  
 

3 LED PRODUCT SELECTION 

Every project begins by selecting a product, or a number of products. There are a large variety of 
LED street lighting products currently available on the market. Each municipality is looking for 
the best solution, but testing many products is expensive and time-consuming. The need to 
conduct pilot tests can be minimized by the sharing of pilot results across municipalities.  The 
need can be further minimized by screening products before testing, so that only the most viable 
products are tested.  
 
It is recommended that municipalities screen potential products prior to testing, using the 
specifications below. These are a set of minimum standards, based on results from previous 
pilots and a market scan of available products. Products, which don’t meet these minimum 
specifications on paper, are generally not recommended for testing. For municipalities 
undertaking larger scale installations, it is recommended that more detailed specifications be 
developed as part of the tendering process.  
 
Zonal Lumen Density 100% 0–90º,  

<10% 80–90º 

Minimum Luminaire Efficacy 65 lumens/watt 

Maximum Correlated Colour Temperature 5000K1 

                                                 
1 Note that higher colour temperatures may be acceptable for certain applications. There is a trade-off between 
efficiency and colour temperature. Higher colour temperature products can be more efficient, but research shows 
that most people prefer colour temperatures in the 3000-5000K range. There are also concerns regarding light 
pollution from high colour temperature light sources. 



 
LightSavers Monitoring and Evaluation Approach  
for the Field Performance of LED Street Lighting Technologies  

 

 

 

7 

Minimum Colour Rendering Index 65 

Minimum LED Lumen Maintenance at 6000 hours 95.8% 

Minimum Operating Life at normal operating temperatures 50k hours 

Minimum Luminaire Warranty 5 years 

Surge protection ANSI C62.41.2 Category C – Low (6kV/3kA) 2 

Replaceable surge protection module 

Total Harmonic Distortion (THD) <20% 

Ingress protection Optical cavity shall be a minimum IP-65 as per 
ANSI C136.25. 

Electrical cavity shall be a minimum IP-54, or all 
electrical components and connections shall be IP-
54 or rated for damp location. 

 

Photometric distribution Must be available in IES Type II and/or Type III 
distribution 

Other NEMA Rated Twist-lock photocell socket 

Tool-less entry to electrical cavity 

120 VAC 60 Hz 3 

≥35 lbs 

Power factor ≥0.9 

  

Required documentation Photometric report as per IES LM-79 

IES LM-80 Report for LED Chips 

 

The Lighting Facts website, administered by the US Department of Energy, contains a 
searchable database of products which can be filtered according to many of the above criteria, 
and may be useful in identifying potential products: www.lightingfacts.com/  
 
The Design Lights Consortium also maintains a qualified products database which can be useful 
in identifying products: http://www.designlights.org/  
 

4  SITE SELECTION 

Generating high quality knowledge outcomes through a pilot project requires careful selection of 
a suitable pilot location. The same applies when monitoring performance of a larger-scale project 
as this requires identifying a subset of the installation where monitoring activities will take place.  
There are several issues to bear in mind when selecting a monitoring site: 

• Condition of existing infrastructure 

                                                 
2 For installations that have a higher than average likelihood of surge related power events or when surge related 
failures are a concern; ANSI C62.41.2 Category C – High should be specified. 
3 Voltage requirements must be coordinated and specified based upon the needs of the installation site power 
distribution systems.  Voltages uncommon to the United States, such as 347/600V, may not be offered by some LED 
manufacturers. 
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• Pole height and spacing 
• Length and geometry of monitoring area 
• Light trespass and interference 
• Access to site for field measurements 
• Community needs and preferences 
• Compliance with local by-laws or standards 

Each of these issues is addressed in more detail below.  
 

CONDITION OF EXISTING INFRASTRUCTURE 
Unless the monitoring site is a new development with no pre-existing street lighting 
infrastructure, there is a need to assess condition of existing infrastructure. 
Some of the elements to consider are the street light poles and the mounting brackets. The LED 
luminaires have an expected lifespan in excess of ten years, so it is advisable to ensure that 
existing poles, brackets, and related infrastructure will last as long. Furthermore, some LED 
fixtures may be heavier than conventional HID fixtures; consideration should be given as to 
whether the existing poles and brackets will support the weight of the LED fixtures.  
Additionally, consideration should be given to the electrical distribution system(s). The 
associated power distribution infrastructure for an ideal monitoring site should be accessible (for 
inspection and measurement purposes), reliable and have reasonably stable power quality to 
allow for proper and consistent operation of the test luminaires.  It is important that the 
configuration (voltage, circuiting, over-current protection, wire sizes, etc) of the power 
distribution is considered as some of this information is required for product selection.  
Depending upon the extent of the project, it may be required that any existing components in the 
system which currently do not meet the Canadian Electrical Code and Ontario Electrical Safety 
Authority Code may have to be upgraded, inspected and approved by the applicable inspection 
agency. 
 
POLE HEIGHT AND SPACING 
The pole height and spacing, as well as the length of the mounting bracket, should be reasonably 
consistent throughout the monitoring area. If possible, the pole height and spacing should be 
similar to that found in at least some other areas of the municipality. Conducting monitoring on a 
street with highly unusual or unique pole height and spacing may provide misleading 
information on how the product will perform on ‘typical’ streets.  
 
LENGTH AND GEOMETRY OF MONITORING AREA 
The length of the monitoring area should be large enough to accommodate a minimum of four 
consecutive LED luminaires for each product, which will be tested at that location. For example, 
if one product is being tested at the site, and the pole spacing is 30 meters, then the monitoring 
area should be a minimum of 120 meters in length. This general rule applies regardless of 
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whether the poles are single-sided or staggered. Some municipalities may wish to monitor a 
larger number of test luminaires, in which case a larger monitoring site would be needed. 
Furthermore, the section of street used for monitoring should be as straight as possible as 
curvature in the road will affect illuminance levels.  
 
LIGHT TRESPASS AND INTERFERENCE 
Monitoring sites should have minimal light trespass from adjacent properties such as buildings or 
parking facilities. This can be determined through a visual assessment of the site.  
There should be no physical obstructions between the street lights and the roadway, which would 
interfere with light readings. For example, there should be no trees or foliage directly underneath 
the luminaire. Alternatively, such foliage should be trimmed prior to undertaking the project.  
Light trespass and physical interferences have limited impact when their conditions are 
consistent through the duration of monitoring.  Any inconsistencies related to the monitoring site 
should be noted in the final report and the potential impacts clearly identified. 
 
ACCESS TO SITE FOR FIELD MEASUREMENTS 
The monitoring site should be reasonably convenient for taking field measurements and 
observations. For example, it may be required to shut down at least one lane of the street at a 
time to allow for field measurements of illuminance values on the roadway. If possible, a site 
without street parking should be selected; the presence of parked vehicles in one or more lanes 
will complicate the process of taking field measurements as it may introduce an inconsistent and 
uncontrollable element (physical interference).  
 
Reasonably convenient and safe access to electrical distribution, specific to the monitoring site, 
is required in order to allow for field measurement of power consumption and/or installation of 
data logging power equipment to track power consumption and quality over time. This may be 
for a single luminaire or, preferably, for a group of luminaires. See Appendix Three for details. 
 
COMMUNITY NEEDS AND PREFERENCES 
Community needs and preferences should be taken into consideration when selecting installation 
sites. For example, if community members, business owners, or local councillors have expressed 
a desire for brighter street lighting or white light in an area, then it should only be used as an 
installation site if the product is expected to address those preferences.  
 
COMPLIANCE WITH LOCAL BYLAWS OR STANDARDS 
Local bylaws or standards may need to be taken into account in selecting installation sites. For 
example, some municipalities have guidelines or bylaws governing the acceptable luminaire 
styles for use in certain neighbourhoods or districts. 
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The installation should be compliant with any community wide policies regarding street lighting. 
For example, if the community requires street lighting to conform to IESNA RP-8 standards, or 
Transportation Association of Canada standards, the installation should be expected to meet 
these requirements at a minimum. Municipalities may wish to consult with a lighting designer to 
verify the product will meet prescribed illumination requirements. Alternatively, the product 
manufacturer can be asked to provide a lighting design for the site demonstrating the product 
will meet prescribed standards.   
 

5 SITE DRAWINGS AND PHOTOMETRIC MODELLING 

Prior to undertaking installation of the LED street lights, a site drawing should be created 
illustrating the geometry of the installation site. This drawing would be utilized to conduct the 
lighting design or be provided to the manufacturer(s)/product supplier(s) to verify that the 
fixtures will provide adequate lighting for the specific site.  
 
Photometric modelling should be undertaken using the site geometry and the photometric 
information about the fixture(s). The expectations of the installation (in relation to the projected 
lighting results – computer modelling) should be known and documented such that it may be 
used as a comparison against field measured data.  This would validate manufacturer’s 
performance claims and provide valuable feedback which could be utilized to refine future 
installation design parameters.  The photometric modelling can be undertaken using in-house 
staff, if available, or by using the services of a third-party lighting consultant. Alternatively, the 
photometric modelling can be requested from the manufacturer/supplier where this capability 
exists.  
 

6 BASELINE FIELD MEASUREMENTS 

Prior to installation of the LED lighting system(s), it is strongly recommended that baseline field 
measurements of illuminance and power use with the original lighting system be undertaken. 
This allows for a point of comparison with the new lighting system.  
 

6.1 BASELINE ILLUMINANCE MEASUREMENTS 

Baseline illuminance measurements are required in order to determine whether LED lighting 
system(s) have increased or decreased average pre-retrofit/installation light levels and uniformity 
ratios.  The following are the recommended method to obtain the baseline measurements. 

• Two of the pre-existing luminaires should be re-lamped with new lamps prior to 
undertaking baseline measurements, unless the fixtures have been relamped within the 
past six months.  

• The new lamps should be burned-in (operated) for approximately 100 hours in order to 
allow them stabilize and achieve their rated light output prior to undertaking baseline 
measurements.  
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• Optional: If it is desired that the street lighting system should illuminate any sidewalks 
adjoining the street, then measurements should be taken on the sidewalk(s) as well as the 
roadway.  

Field measurements should be taken using a calibrated, portable light meter with an error margin 
of ±5% or better.  This meter should be retained and used for the duration of the monitoring.   
See Appendix Two for detailed guidelines on undertaking field measurements of illuminance.  
 

6.2 BASELINE POWER MEASUREMENTS 

Baseline power measurements are required in order to determine the degree to which LED 
lighting system(s) have reduced, or increased, power consumption. Measurements are required of 
actual power consumption, which will vary considerably from rated lamp wattage due to the 
consumption of the ballast. There are two recommended methods to get the power 
measurements: 

• Power measurements can be taken with a handheld power meter connected to a single 
luminaire, or preferably connected to a circuit powering a number of luminaires.  

• Alternatively, data logging power equipment can be installed on site and used to 
determine the average power consumption of the baseline luminaires.  

All power measurements should be performed only by qualified personnel as mandated by the 
Canadian Electrical Code and Ontario Electrical Safety Code. See Appendix Three for detailed 
guidelines on undertaking field power measurements.  
 
If energy conservation cost incentives are being sought as part of the installation, then the local 
distribution company (utility provider) should be consulted.  Some incentive programs require 
energy saving validation through ‘before and after’ power consumption measurements as part of 
the formal incentive application/approval procedure. 
 

6.3 OPTIONAL: BASELINE PHOTOGRAPHS  

It is recommended that night time photographs be taken of the street, as illuminated by the pre-
existing lighting system, from a number of perspectives. This will allow for comparison of 
‘before’ and ‘after’ photographs. If possible, mark the precise location on the street where 
photographs were taken using spray paint or chalk. This will allow for photographs to be taken 
from the same positions after installation of the LED lighting system. If using a camera with 
manual controls, record the camera settings used to take the photograph. This will allow the 
‘after’ photos to be taken using identical camera settings.  
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7 PRE-INSTALLATION PHOTOMETRIC AND ELECTRICAL 

MEASUREMENTS 

Prior to installation at least two of the LED luminaires should be sent to an independent 
laboratory for photometric measurements. Photometric measurements should include total 
luminous flux and correlated colour temperature. Measurements should be taken after the 
luminaire is burned-in (operated) for 1 hour. The report should include the operating conditions 
at the time of the photometric measurements (input voltage, input current & ambient 
temperature).  Photometric measurements should include, at a minimum, total luminous flux and 
correlated colour temperature.  
 
The use of manufacturer-provided photometric reports, even if carried out to LM-79 standards, is 
not sufficient, for the following reasons:  

• Photometric properties will vary, sometimes significantly, between individual luminaires 
of the same product model. For example, the qualities of the LEDs used may vary 
depending on the batch that they were produced from.  

• In some cases, manufacturers may use their best performing luminaires for LM-79 
documentation, and these luminaires may not accurately represent the performance of the 
typical luminaire of the same series. 

• There have been reports of some manufacturers circulating fraudulent LM-79 reports.  
 

The specific fixtures, which were used for the photometric tests, should be recorded to allow the 
same fixtures to be used for post-monitoring photometric tests. See Appendix Four for a list of 
accredited laboratories. Care should be taken when shipping the luminaires to the laboratory to 
avoid damaging the products during transit.  
 
Optional: If the host municipality has the capability of undertaking detailed bench testing of the 
luminaires electrical characteristics, this can provide additional data. For example, it may be 
desirable to confirm the wattage, consumption and power factor of the luminaires. Alternatively, 
this may be requested from the laboratory undertaking the photometric measurements.  This 
information is useful for comparison against manufacturer’s published operating parameters.  It 
is also recommended that the luminaires be photographed to provide a record of the general 
construction, accessibility, etc. for future reference and comparison to other prospective 
luminaires. 
  

8 INSTALLATION 

The ease of installation is a relevant metric for evaluating LED street lighting products. The ease 
of installation can vary significantly between products.  
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Both the number of personnel required, and the amount of time required to install the LED 
products should be recorded. Furthermore, the total cost of installing the product should be 
recorded or estimated based on this data. The personnel involved in installation should be 
requested to record observations about how easy or difficult the installation was in comparison to 
a conventional HID product. They should also be asked to assess the field serviceability of the 
fixture. For example, is access to the electrical cavity feasible without taking the entire fixture 
down?  
  
Optional: Photographic documentation of the installation process. Photographs may be used in 
the monitoring and evaluation report, and may provide useful material for other communications 
materials such as media releases, websites, etc. ‘Action’ photographs are particularly useful for 
these purposes.   
 

9 POST INSTALLATION FIELD MEASUREMENTS 

Taking field measurements on a public street can be disruptive, usually requiring closing off the 
street temporarily, while measurements are occurring. For this reason, the protocol attempts to 
minimize the number of field measurements required; however, some field measurements are 
necessary in order to achieve desired knowledge outcomes. Inconvenience to the public can be 
minimized by: a) taking field measurements during off-peak times when traffic is minimal; and 
b) closing off one lane at a time using pylons or other temporary obstructions, allowing at least 
some traffic to proceed while measurements are occurring. All field measurements on active 
roadways should be undertaken in compliance with Ontario Traffic Manual Book 7 (available 
online at: www.otc.org/PDF/OTM_Book_7.pdf) requirements, or any other applicable road 
safety requirements, in order to ensure the safety of personnel.  
 

9.1 ILLUMINANCE MEASUREMENTS 

Following installation of the LED luminaires, field measurements of illuminance at the 
monitoring site should be taken on a quarterly basis over 12 months. For municipalities 
undertaking extended monitoring, illuminance measurements can be taken semi-annually after 
the first year of monitoring. Field illuminance measurements are required in order to: 

• Determine average illuminance levels and uniformity ratios achieved by the product in 
situ. 

• Provide an accurate point of comparison to the baseline lighting system. 
• Determine compliance with any relevant roadway lighting standards or bylaws. 
• Compare actual illuminance levels against the modeled performance. 
• Monitor the lumen output over time to aid in the development of maintenance and life 

expectations.  
Undertaking quarterly illuminance measurements is required in order to observe the product’s 
performance at a variety of ambient temperatures. LEDs are known to be sensitive to 
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temperature, and quarterly measurements allow for the quantification of this sensitivity. 
Furthermore, there is a need to confirm that desired or mandated light levels can be maintained 
during both summer and winter temperatures.  
 
The first field illuminance measurements should be taken at least six weeks following 
installation. This is because the light output of LEDs is known to be highly variable for the first 
500 hours of operation.   
 
The date and time of the measurements should be recorded, as well as the ambient temperature. 
Temperature can be determined using a digital thermometer with an error margin of ±1ºC or 
better. Alternatively, temperature can be determined using the data from the nearest environment 
Canada weather monitoring site (available online at www.weatheroffice.gc.ca).  
 
If it is desired that the street lighting system should illuminate any sidewalks adjoining the street, 
then measurements should be taken on the sidewalk(s), as well as the roadway.  
 
Field measurements should be taken using a calibrated, portable light meter with an error margin 
of ±5% or better. The number and location of measurement points should be the same as in the 
baseline illuminance measurements. See Appendix Two for detailed guidelines on undertaking 
field measurements of illuminance.  
 
 

9.2 POWER MEASUREMENTS 

Following installation of the LED luminaires, field measurements of power use at the monitoring 
site should be taken on a quarterly basis over a 12 month period. For municipalities undertaking 
extended monitoring, power measurements can be taken semi-annually after the first year of 
monitoring.  Field measurements of power use are required in order to confirm that the product is 
operating within manufacturer specifications, and relatedly to confirm the energy savings and 
greenhouse gas reductions, if any. Some LED luminaires have been observed to increase power 
use during cold weather, and decrease power use during warm weather. Quarterly power 
measurements allow for the quantification of this effect, if present.  
  
Power measurements can be taken with a handheld power meter connected to a single luminaire, 
or preferably connected to a circuit powering a number of luminaires. Alternatively, data logging 
power equipment can be installed on site and used to determine the average power consumption 
of the LED luminaires. If the monitoring location is in an area that experiences abnormal power 
quality events (voltage fluctuation, lightning activity, switching, etc.), then a power quality meter 
may be installed in conjunction with the data logging equipment.  The power quality meter 
would record any events; therefore, it could be utilized to validate or dismiss luminaire failures 
or unusual operation as a result of power quality.  Since the data logging equipment and the 
power quality meters can be large, the existing power distribution must be capable of or able to 
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be modified to provide an acceptable installation location and housing as necessary (a street 
lighting power supply pedestal would be a suitable location for example).  Measurements should 
be undertaken only by qualified personnel as mandated by the Canadian Electrical Code and 
Ontario Electrical Safety Code. See Appendix Three for detailed guidelines on undertaking field 
power measurements.  
  

9.3 OPTIONAL: PHOTOGRAPHIC DOCUMENTATION  

It is recommended that night time photographs be taken of the street, as illuminated by the LED 
lighting system, from a number of perspectives. Photographs may be used in the monitoring and 
evaluation report, and may provide useful material for other communications materials such as 
media releases, websites, etc.  
 
If photographs were taken of the baseline lighting system, the LED photographs should be taken 
from the same locations on the street. If using a camera with manual controls, it is recommended 
that the same camera settings used to take the baseline photographs be used. This will allow for 
‘before’ and ‘after’ photographs, which offer a fair comparison of the sites visual appearance 
under different light sources. Refer to Section 6.3 for more details. 
 

10 POST INSTALLATION PHOTOMETRIC MEASUREMENTS 

Following a minimum of one year of operation, a minimum of one and preferably two LED 
luminaires of each product type should be taken down and sent back to a certified laboratory for 
photometric measurements.  
 
The luminaire(s) used for photometric measurements should be the same luminaire(s) used for 
the pre-installation photometric measurements. The luminaire(s) should be thoroughly cleaned 
before photometric measurements are taken to remove any dirt which may have accumulated on 
the lens. Alternatively, it may be desirable to undertake the same measurements before and after 
cleaning the lens, in order to assess the rate of dirt depreciation. This process allows for a precise 
quantification of the amount of lumen degradation over the monitoring period. This information 
can be used to assess whether the product is likely to meet its manufacturer estimated life-
expectancy.  
 
Optional: If monitoring is being undertaken to assess compliance with warranty provisions, it is 
recommended that additional photometric measurements be undertaken on the same luminaires 
immediately prior to the expiration of the warranty. Otherwise, the luminaires may reach end of 
life (L70) prior to the expiration of the warranty, without the knowledge of the municipality.  
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11 EVALUATION AND REPORTING 

Evaluation and reporting is a critical stage in the monitoring and evaluation process. Without 
sound data analysis, and clear documentation of results, knowledge outcomes can be lost or 
misconstrued. Evaluation and reporting are also critical to the ability to share results with other 
cities and asset managers. This section provides guidance on evaluating and reporting on the data 
collected during the monitoring period. The headings within this section are the suggested 
headings for final monitoring and evaluation reports.  
 

11.1 PRODUCT INFORMATION 

Final report should outline key characteristics of the LED product(s) that were tested, including: 
• Manufacturer 
• Model # 
• LED chips type used (Cree, Philips, Osram/Sylvannia, Nichia, etc.) 
• Lumen output 
• Wattage – LED light engine & system 
• Luminaire efficacy 
• Distribution type 
• Colour temperature (CCT) 
• Life expectancy (L70) 
• Full specifications can be appended to report 

 
11.2 SITE DESCRIPTION 

Final report should describe critical parameters of monitoring site, including: 
• Street name and location 
• Street classification (local, collector, arterial, expressway-highway, freeway) 
• Pedestrian activity/conflict (low, medium, or high) 
• Pavement classification (reflectivity) (R1, R2, R3, or R4) 
• Pole height, spacing, and layout (single sided or staggered) 
• Number of lanes 
• Width of roadway 
• Number of test luminaires installed 

 
11.3 INSTALLATION 

The final report should briefly describe the installation process, including: 
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• The number of person hours required per luminaire to install the product 
• The labour cost per luminaire to install the product 
• Description of any difficulties encountered during installation (e.g. Were special tools 

required? Was installation more or less difficult than with conventional luminaires?) 
• Assessment of field serviceability of fixture 

 
11.4 ILLUMINANCE 

The final report should set out, in table and/or chart format, the average illuminance under both 
the baseline lighting system and the replacement LED system(s) (during each quarterly 
measurement session). Average illuminance is derived by summing each of the measurements 
and dividing by the number of measurement points. A reference line should be inserted into the 
chart to show the required lighting levels, based on IESNA or TAC standards, and/or any 
relevant local design standards. See the example chart below.  

 
 
The report should evaluate the illuminance measurement results, answering the following 
questions: 

• Did the LED fixtures increase or decrease average illuminance compared to baseline, and 
if so, by what percentage? ((LED illuminance ÷ baseline illuminance-1) x 100) 

• Was average illuminance under LED fixtures compliant with IESNA/TAC and/or local 
design standards?  

• Did illuminance levels vary significantly from what was predicted in pre-project 
modelling?  
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• Will LED fixtures still comply with standards at end of life?  
(LED average illuminance x 70% > required standard) 

• Was there a significant (>5%) difference between the quarterly LED illuminance 
measurements?  
 

11.5 UNIFORMITY 

Uniformity refers to the evenness of the distribution of light on a surface. Uniformity of light 
distribution is crucial to human vision, as it takes time for the eye to adjust to various light levels. 
For this reason, most roadway lighting design standards incorporate uniformity requirements. In 
determining uniformity, minimum, average, and maximum illuminance values are compared 
using ratios. These ratios can be calculated using the field measurements of illuminance, using 
the formulas below: 

• Maximum to minimum uniformity ratio: value of highest illuminance measurement point 
divided by value of lowest illuminance measurement point. 

• Average to minimum uniformity ratio: average illuminance divided by lowest 
illuminance measurement point.  

Uniformity ratios for both baseline and LED lighting system(s) should be reported using a table 
format, with reference to the relevant design standard (see example table below): 

 
 
 
 
 
 

Note: LED uniformity ratios should be based on the most recent measurements.  
 

11.6 COLOUR TEMPERATURE STABILITY 

Colour temperature is a characteristic of visible light. The colour temperature of a light source is 
the temperature of an ideal black body radiator that radiates lights of comparable hue to that of 
the light source. Colour temperature is conventionally stated in the unit of absolute temperature, 
Kelvin (symbol: K), and is referred to as Correlated Colour Temperature (CCT). 
 
LED street lighting products are available in a variety of colour temperatures ranging from 
3000K to 6500K. While colour temperature is largely a matter of personal preference, numerous 
surveys and studies have shown that most people prefer street lighting in the range of 3500-
5000K. Some municipalities have specified colour temperatures around 4300K, which is the 
colour temperature of moonlight.  
 
For the purposes of evaluation, it is not colour temperature itself which is evaluated, but its 
stability over time. Some LEDs have been observed to shift significantly in colour temperature 

 Average to Minimum Maximum to Minimum 
Baseline 1.4  2.3 
LED  2.0  3.0 
RP-8 Standard requirement <4.0 N/A 
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over time (as do many other light sources). While this is not a critical failure, a consistent colour 
temperature is a desirable feature.  
 
The pre and post installation photometric reports should include colour temperature readings. 
The percentage change between the two readings can be easily calculated and reported on in a 
table such as the one below: 
 
Correlated Colour Temperature:  
Product Measured 

CCT 
Pre-
installation 

Measured 
CCT 
Post-
installation 

% change= 
((5040÷4937 -
1)X100)) 

Manufacturer 
Specification 

LED A 4937K 5040K +2% 5000K (±500K) 
Answer the following questions in the report: 
• Were both colour temperature readings within the manufacturer specified range? 
• Was shift in the colour temperature significant (>5%)? 

 
11.7 TEMPERATURE SENSITIVITY 

LEDs, like many other light sources, are known to be sensitive to ambient temperature. With 
LEDs, higher temperatures lead to reduced light output and vice versa. This can cause a seasonal 
swing in average illuminance levels. While seasonal variation in light output is not a critical 
failure, the ability to limit seasonal variation through effective thermal management is a desirable 
characteristic for an LED luminaire. Since damage caused by heat is the principal cause of long 
term depreciation in light output, extreme temperature sensitivity may signal that a luminaire will 
have a short operational lifespan. Temperature sensitivity can be assessed by comparing the 
ambient temperature during the quarterly field measurements of illuminance to the average 
illuminance values observed. For example, see the chart below: 
 

Temperature Sensitivity 
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Answer the following questions in the report: 
• Do the highest average illuminance values correspond with the coldest temperatures and vice 

versa?  
• What is the percentage difference between the highest and lowest illuminance values 

recorded?  
 

LED light output will typically vary up to 3% for every 10°C shift in ambient temperature. A 
shift much greater than this in magnitude may indicate that the fixture is not dispersing heat 
appropriately.  
 

11.8 LUMEN DEPRECIATION  

Unlike conventional lighting technologies, LED light sources generally do not burn out, but 
rather gradually decline in lumen output. End-of-life for LED luminaires can vary based on site 
specific requirements, but it is generally considered to be the point when lumen output has 
declined to 70% of the original value (referred to as L70). Most LED manufacturers claim 
product lifespan in the range of 50,000 to 150,000 hours in typical operating environments. One 
of the core objectives of monitoring LED installations is to assess the rate of lumen depreciation 
when used in actual field conditions. The lumen depreciation during the monitoring period can 
be used to assess whether the product is on track to meet its manufacturer estimated operating 
life.  
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Lumen depreciation can be assessed by comparing the total luminous flux recorded in the pre 
and post installation photometric reports. The percent change in total luminous flux is the 
amount of lumen depreciation.  
 
Lumen depreciation must be interpreted in the context of how many hours of operation the 
product has observed between the photometric measurements. In a typical street lighting 
application, a product will be energized for approximately 4400 hours during the course of a full 
calendar year. While lumen depreciation is not a straight linear function, the following table 
provides guidelines on the maximum acceptable rate of lumen depreciation for products claiming 
various lifespans.  
 
Manufacturer 
estimated lifespan 

Maximum lumen 
depreciation after 1 year  

Maximum lumen 
depreciation after 
18 months 

Maximum lumen 
depreciation after 
5 years 

50,000 3 % 4.2% 14.5% 
60,000 2.5% 3.7% 12.5% 
70,000 2.25% 3.4% 11.25% 
80,000 2% 3% 10% 
100,000+ 1.5% 2.3% 7.5% 
 
If the observed rate of depreciation, based on photometric testing in a laboratory setting, exceeds 
the value listed above for the corresponding life expectancy, this is a strong indication that the 
product may not meet its expected lifespan. Since the rate of lumen depreciation is believed to 
increase over time, a product with depreciation higher than the rate listed above after one year is 
highly unlikely to meet its expected lifetime. It should be kept in mind that exaggerated product 
lifespans are not a critical failure. For example, a product which claims a 100,000 hour life but is 
on track for an 80,000 hour life may still be a good product. It should also be kept in mind that 
gradual lumen depreciation is not the only possible mode of failure for LED luminaires. A 
product with very low lumen depreciation may still suffer early failure due to failure of various 
sub components.  
 
The monitoring report should indicate both the amount of lumen depreciation during the 
monitoring period and whether this corresponds with the manufacturer estimated lifespan.  
 

11.9 POWER AND ENERGY CONSUMPTION 

Reduction of energy consumption and demand is one of principal drivers of interest in adopting 
LED technology.  The monitoring and evaluation report should clearly show the energy savings 
compared to the baseline technology, as well as power-use during different seasons. Power and 
energy use comparison with baseline should be understood in context of relative illumination 
levels. For example, an LED product which achieves 50% energy savings by reducing average 
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illuminance levels by 50% is not achieving an efficiency gain. Conversely a product which 
provides higher illuminance levels with same energy-use is more efficient.  
 
Power is the number of watts used by the products; energy-use reflects the amount of energy 
used over the monitoring period, and is a function of wattage and the annual hours of operation 
(watts x hours / 1000 = Kilowatt hours per annum).  
 
 

 
 
This section of the report should also compare the measured wattage against the manufacturer’s 
rated wattage, and describe any measurements that were undertaken in relation to energy 
consumption and power quality.  Any notable variations in energy usage should be clearly 
identified.  For instance, if the initial measured wattage increases or decreases over time, it is 
important to quantify and attempt to determine the cause and effect (with the assistance of the 
manufacturer’s technical engineers).  Variations in energy consumption can be an indicator of a 
malfunctioning or poorly designed luminaire. 
 
If data logging equipment and/or power quality equipment has been utilized, then a summary of 
the information collected should be provided.  Any notable ‘events’ should be clearly identified 
and examined to determined if they had a detrimental effect on the operation of the luminaire.  If 
any catostrophic failures occur, the electical data should be compared to seek to identify if there 
is any correlation between an electrical ‘event’ (utility power surge for example) and the failure.  
If based upon the examiniation of the data  it is concluded that an outside electrical event did not 
correlate with a failure, then further scrutiny of the mode of failure should be undertaken and 
reported upon.  Luminaire malfunction or failure should be reported and investigated as 
dilegently as possible to determine if it is associated with the luminaire operation/design or as a 
result from an un-controllable outside source.  
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11.10 ESTIMATED GREENHOUSE GAS REDUCTIONS  

Along with energy savings, reduction of environmental impacts is another key driver for 
adoption of LED technology. Monitoring reports should include an estimate of the annual 
greenhouse gases (GHG) emissions reduction resulting from the project. GHG emissions are a 
function of annual energy use and the average GHG intensity of the electricity supply. TAF uses 
an emissions factor of .187 kg eCO2/kWh, based on the actual fuel mix used to produce energy 
in Ontario with an assumed transmission loss of 10% (2009 data). 
 
Data should be reported on a per luminaire basis to facilitate calculation of scale up potential. 
Data can be reported as in the table below: 

Annual Energy Savings  Annual GHG Reduction  
312 kWh/fixture 58 kg eCO2  per fixture 

 

11.11 ECONOMIC PERFORMANCE 

Reductions of energy and maintenance costs are two of the key drivers for adoption of LED 
technology. Large scale adoption of LED street lighting will only be possible if products can 
demonstrate long-term financial benefits for municipalities. There is no single financial metric, 
which can capture all elements of economic performance. The economic case for scaling up LED 
street lighting will depend on whether the end-use is for new construction, existing street lights 
approaching end-of-life, or existing street lights with significant operating life remaining; 
therefore, economic performance should be assessed for both scenarios. It is recommended that 
municipalities calculate the following economic performance metrics: simple payback, Return 
On Investment (ROI)4, Internal Rate of Return (IRR)5, and Total Cost of Ownership (TCO)6. The 
economic analysis can be reported in a table as in the examples below. The time period to 
consider for IRR, ROI, and TCO should be based on the expected lifetime of the luminaires.  

                                                 
4 ROI is the ratio of money gained or lost over the lifetime of an investment relative to the amount of money invested, expressed as a percentage.  
5 IRR takes into account the time value of money and results in the interest rate which brings the net present value of the investment to zero.  
6 Total Cost of Ownership refers to the cost of acquiring and operating a fixture over its lifetime, including energy and maintenance costs.  
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Economic Performance for Early Replacement Scenario (Example figures) 
 Installed 

Cost 
Annual 
Energy 
Savings 

Avg. Annual 
Maintenance 
Savings (est.) 

Simple 
Payback 

Internal 
Rate of 
Return 
(20 yr) 

20 Year 
Return on 

Investment 

LED  $765 $23* $25 14 years** 4% 52% 
* At $.075/kWh 
** Assuming 3.5% annual inflation in energy prices 
Economic Performance for End of life or New Construction Scenario  
 Incremental 

Cost 
Annual 
Energy 
Savings 

Avg. Annual 
Maintenance 
Savings (est.) 

Simple 
Payback 

Internal 
Rate of 
Return 
(20 yr) 

Total cost of 
ownership 
(20 years) 

LED $440 $23* $25 9 years** 11% $1285 (LED) 
vs. $2032 
(baseline) 

* At $.075/kWh 
** Assuming 3.5% annual inflation in energy prices 
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12 GLOSSARY 

 
Colour temperature A characteristic of visible light. The colour temperature of a light source is 

the temperature of an ideal black body radiator that radiates light of 
comparable hue to that of the light source. Colour temperature is 
conventionally stated in the unit of absolute temperature, Kelvin (symbol: 
K), and it is referred to as Correlated Colour Temperature (CCT). 

GHG Greenhouse Gases 
HID High Intensity Discharge 
IES Type II and 
Type III 

Standards created by IESNA 

IESNA Illuminating Engineering Society of North America 
Illuminance The amount of luminous flux per unit area. 
IP54 This is an National Electrical Manufacturers Association (NEMA) 

enclosure rating to satisfy IP code (ingress protection) of 3. 
IP65 This is an NEMA enclosure rating to satisfy IP code of 4 or 4X. 
IRR Internal Rate of Return 
LED Light Emitting Diode 
L70 Denotes the time of 70% lumen maintenance 
LM-79 Approved method for the electrical and photometric measurements of 

solid-state lighting products. Illuminating Engineering Society of North 
America (IESNA) published a documentary standard LM-79, which 
describes the methods for testing solid-state lighting products for their light 
output (lumens), energy efficiency (lumens per watt) and chromaticity. 
Specifies a standard test method for measuring the photometric properties 
of SSL devices, allowing calculation of luminaire efficacy. 

LM-80 This is an approved test method of IESNA. Specifies a standard method for 
measuring the lumen depreciation of LEDs, allowing calculation of LED 
lifetime. 

Lumen It is a measure of the brightness of light. The SI unit of luminous flux equal 
to the light emitted in a unit solid angle by uniform point source of one 
candle intensity. 

Lumen 
depreciation 

Gradual decline of lumen output over the lifetime of the lamp or luminaire 

Luminaire A complete electric light unit. 
Luminous flux Is the total quantity of visible light emitted from a light source.  
NEMA National Electrical Manufacturer’s Association:  NEMA.org 
Power (Electric) The rate at which electrical energy is transferred by an electric circuit. The 



 
LightSavers Monitoring and Evaluation Approach  
for the Field Performance of LED Street Lighting Technologies  

 

 

 

26 

SI unit of power is watt (W). 
ROI Return On Investment 
TAC Transportation Association of Canada 
TCO Total Cost of Ownership 
Uniformity Refers to the evenness of the distribution of light on a surface. 
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13 APPENDICES 

13.1 APPENDIX ONE: LIGHTSAVERS MONITORING AND EVALUATION PROCESS 

GUIDE 
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13.2 APPENDIX TWO: FIELD MEASUREMENTS FOR ILLUMINANCE 

During the first year of monitoring, it is recommended to take quarterly illuminance 
measurements. These measurements should be taken in different seasons with the ambient 
temperature recorded. Ambient temperature can affect the illuminance. For municipalities 
undertaking extended monitoring, illuminance measurement frequency can be reduced to semi-
annual following the first year of monitoring.  
 
The illuminance measurements should be taken in a grid pattern in the same location. A typical 
area should be considered as the measurement area, with no excessive shading or lighting in the 
area. The measurement area should be between two luminaires on one side. This is called one 
luminaire cycle. 
 
The grid pattern should have measurement points regularly spaced apart. There should be two 
grid lines or rows on each lane at the one quarter (1/4) from the edge of the lane; this is where 
the measurement positions are found. There should be one fifth (1/5) of the spacing between 
luminaires or 10 meters (equidistance spacing), whichever is smaller. The measurement closest 
to the luminaire should be in the centre of the one fifth spacing, not directly under the luminaire. 
This approach results in ten measurement points per traffic lane.  
 
If illuminance levels on the sidewalk are also of interest, one row of five measurement points 
should be established in the centre of the sidewalk, using the same spacing as described above.  
Measurements points should be as consistent as possible throughout the monitoring period. 
Using spray paint to mark and re-mark the measurement points may assist in this process; 
however, these markings may fade between measurement sessions. However, by following the 
same methodology for each measurement session, it should be possible to replicate the same 
measurement grid. All measurements should be taken at ground level.  
 
The following diagram provides an example how this would look on a four-lane road with 
sidewalks.  
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Care must be taken to avoid the individual(s) taking the measurements from casting a shadow 
over the meter. The recommended light meters should be corded or have a separate ‘eye’, in 
order to allow measurement taker to stand several feet back from the measurement point while 
reading the meter. The photographs below illustrate light meters with a separate ‘eye’.  
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During the measurement time, for health and safety reasons, the traffic may need to be stopped 
or redirected. See Section 9 for details regarding safety provisions.  
 

13.3 APPENDIX THREE: FIELD MEASUREMENTS FOR POWER 

It is recommended that a minimum of five power measurements be recorded for the duration of 
the monitoring period as follows: 
 

1. Pre-LED installation – Measurement of existing HPS installation 
2. Post-LED installation – Measurement of initial LED installation 
3. 2nd Quarter Measurement 
4. 3rd Quarter Measurement 
5. 4th Quarter Measurement 

 
Electrical consumption is the most important electrical measurement to record.  This can be 
easily recorded by utilizing a basic electrical multi-meter that can measure both current 
(amperage, via a clamp-on integral CT for example) and voltage.  Consumption, expressed in 
watts, can be then calculated using Ohm’s law. 
 
Watts = Current X Voltage 
 
For example, a LED luminaire that is recorded as using 0.48 Amperes and at 120 Volts; it would 
therefore be consuming a total of 57 Watts (0.48A X 120V = 57W).  
 
The existing electrical distribution system configuration needs to be understood so that the 
results of the electrical measurements can be interpreted accurately.  Taking measurements 
directly at each individual luminaire ensures that no other connected loads are included.  If 
measurements are taken at a power supply pedestal, or within a pole hand-hole, the measurement 
would be a total of all connected loads downstream of that particular point in the distribution 
circuit.   
 
An ideal monitoring site location would be configured (or capable of being configured) such that 
all of the LED luminaires are fed off of the same circuit without any additional connected loads.  
This would allow for one point of measurement, at the source of the feed, which would then 
provide a measurement representing a combination of all of the LED luminaires.  
 
In the above distribution configuration scenario, more comprehensive power measurements 
could be conducted.  In addition to basic consumption measurements, general power quality and 
power system reliability could be recorded which would provide a far greater degree of insight as 
to how the luminaires react to any abnormal power supply conditions.  LED luminaire 
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malfunctions and/or catastrophic failures are difficult to trouble-shoot, and the more information 
that can be recorded in terms of the quality of the power supply, the easier it is to determine the 
mode of failure (determination if the failure is a result of an internal luminaire issue or the result 
of an out-side power quality event).   
 
Unlike traditional ballasted HID luminaires, transients (power surges) sent through the power 
distribution system into an LED luminaire can be very destructive to their sensitive electronic 
drivers/power supplies.  Sizeable surge events or a combination of multiple smaller surge events 
can damage, reduce the capacity or destroy the luminaire’s internal surge protection.  This would 
obviously result in the immediate or future failure of the luminaire.  Recording such events, via 
power quality measurements, would provide valuable information and be vital to evaluate a LED 
luminaires’ susceptibility to surges. 
 
Power quality is not generally consistent or stable, changing constantly due to many variables 
and conditions; measurements must therefore be recorded consistently, at regular intervals, over 
a period of time.  In order to achieve this, a data-logging device must be installed and remain 
connected and active for the duration of the monitoring period.  There are many different types 
and configurations of electrical data-loggers, but in all instances they require access to electrical 
wiring and connections and an enclosure that provides security and a relative degree of 
protection from the elements (depending on the requirements of the specific type of data-logger).  
Most power supply pedestals can accommodate data-loggers, but in locations where the use of a 
power pedestal is not an option, a weather-tight junction box can be easily installed as an 
alternative. 
 
Data-logging meters can perform both power quality and power consumption measurements.  
For the purposes of selecting a data-logger, the following features are recommended: 
 
 Clamp-on style current transformer (CT) – amperage rating coordinated with the 

requirements of the application 
 Voltage recording – voltage range coordinated with the requirements of the application 
 Frequency recording 
 Voltage drop-out, spike and dip identification and recording 
 Transient recording – magnitude and duration of event 
 Total harmonic distortion (THD) recording 
 Sufficient on-board memory and recording interval frequency that allows for the data-

logger to be left in the field without  the need to download and clear the memory more 
frequently than desired 

 Battery back-up and non-volatile memory 
 Capable of being operated in non-temperature regulated environments with the potential 

of high ambient humidity 
 Associated computer software to assist in the interpretation and summary of logged data  
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Regardless of the electrical measurement selected (manual measurement or data-logging), it is 
important that the equipment is approved for and rated for the specific application.  Also, the 
equipment should be used or installed by qualified personnel as mandated by the Canadian 
Electrical Code and the Ontario Electrical Safety Authority. 
  

13.4 APPENDIX FOUR: LIST OF LOCAL ACCREDITED LABORATORIES 

Lumentra 
60 St. George Street, Suite 331 
Toronto, Ontario 
M5S 1A7 
Phone: 416 903 5836 
Fax: 416 978 3936 
Email: info@lumentra.com 
Web: lumentra.com 
 
 
Lighting Sciences Canada Ltd. 
160 Frobisher Drive, Unit 5 
Waterloo, Ontario 
N2V 2B1 
Phone: (519) 746-3140 
Fax: (519) 746-3156 
Email: lsc@lightingsciences.ca 
Web: www.lightingsciences.ca 
 
 
 
 
 
 


