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TORONTO COMMUNITY
HOUSING CORP. LED GARAGE
TRIAL: FINAL REPORT

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 focuses on pilot testing advanced lighting technologies in real world
applications. Pilot projects are hosted by municipalities and public sector organizations across the Greater Toronto
Area. TAF coordinates ongoing monitoring and evaluation of pilot projects.
For more information on the LightSavers project, see www.lightsavers.ca.
For more information contact:
Bryan Purcell
Program Manager
bpurcell@tafund.org
416-393-6358
Disclaimer:
Mention of any commercial product, device, measurement instrument or specific lighting engineers/consultants in
this document does not represent an endorsement by TAF or Toronto Community Housing. The report summarizes
data collected on site at this specific pilot site and is not intended to predict the performance of the same or other
products on other sites.
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1.0

Executive Summary

This is a final report on the City of Toronto Community Housing Corporation (TCHC) LightSavers Pilot Project. The
project involved replacement of 140 High Pressure Sodium (HPS) parking garage lights with new Light Emitting
Diode (LED) parking garage lights, with new fluorescent parking garage lights, and with occupancy sensor controls.
The purposes of the project were as follows:
1. To evaluate whether the LED parking garage lights could be a viable and energy efficient alternative to the
conventional HPS lights commonly deployed for parking garage illumination across North America,
2. To evaluate whether the LED parking lights can compete with more conventional replacement technology
such as T8 fluorescent lights, and;
3. To evaluate the costs, savings and installation issues with occupancy sensors in parking garages.
Specific factors considered in this report include illuminance, uniformity, average illuminance over time, temperature
sensitivity, energy consumption, user reaction and economic performance. The pilot locations are two underground
residential building parking garages owned and operated by Toronto Community Housing.
Data was collected over a nine-month period beginning in February 2010. The key findings are summarized below:
• Energy consumption was reduced by over 70%.
• The LED fixtures exceeded the illuminance levels required by the Toronto Municipal Code and recommended
by the Illumination Engineering Society of North America (IESNA)1, without any changes to the number of
fixtures or the fixture spacing.
• Both the LED and fluorescent fixtures were perceived by building residents as providing higher light levels
and improved visibility compared to the baseline HPS lighting system, despite a designed reduction in
illuminance levels of 20-30%.
• Illuminance uniformity was slightly better than the baseline design and much better than IESNA design
guidelines.
• There was no depreciation in average illuminance in the LED test areas over the nine-month (~6500 hour)
monitoring period.
• Temperature sensitivity (correlation between light output and ambient temperature) was present but within
expected parameters.
• The adaptive controls functioned as intended and were well received by building residents.
• The LED fixtures complete with adaptive controls are expected to pay for themselves within 10 years, while
payback with the motion sensor equipped fluorescent system was even shorter.

2.0 Site Description
The pilot sites are two underground residential parking garages located at 2743 Victoria Park Avenue and 2180
Ellesmere Avenue in the City of Toronto. The buildings are owned by Toronto Community Housing (TCH), Canada’s
largest social housing provider. The parking garages are used exclusively by the building residents as well as TCH
staff.
The Parking garage at 2180 Ellesmere is non-symmetrical and separated into four isolated zones: north, south, east,
and west. The north zone was retrofitted with dimmable LED fixtures; the south zone was retrofitted with dimmable
T8 fluorescent fixtures; and the east and west zones remained as HPS fixtures. Refer to Appendix B for a map of the
garage and the location of the test fixtures.
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The parking garage at 2743 Victoria Park is rectangular in shape, with seven rows of lighting fixtures. Two rows on the
east side of the garage were retrofitted with dimmable LED fixtures, half of the three middle rows on the north side
were retrofitted with dimmable T8 fixtures, and the rest of the fixtures remained as HPS fixtures. Refer to Appendix C
for a map of the garage including zone locations.

2.1

Baseline Lighting System

The original lighting system featured McGraw Edison fixtures using 100 Watt High Pressure Sodium (HPS) lamps, and
120 Volt electromagnetic ballasts. This fixture type is commonly found in parking garages in Toronto and elsewhere.
The input wattage is 129 watts per luminaire. There were 107 HPS fixtures at 2180 Ellesmere and 142 fixtures at
2743 Victoria Park. The fixtures are operated 24 hours per day, seven days per week. The luminaires in both parking
garages are spaced approximately 20ft apart.

2.2

Fluorescent Lighting System

The T8 fluorescent fixtures installed in this project are Peerless vapour-proof fiberglass fixtures (DC/DP), equipped
with two General Electric 4 ft T8 fluorescent lamps with a 4100K colour temperature. The ballasts installed are
Osram Sylvania Quicktronic PROStart T8 Quickstep Bi-Level Dimming Electronic ballasts. The rated input wattage of
the fixtures is 54W at the high level and 27W at the low level. Twenty-seven T8 fixtures were installed at the Victoria
Park site and forty-two were installed at the Ellesmere site. Fixture spacing remained identical to the baseline HPS
lighting system. A Leviton PIR fixture-mounted occupancy sensor was added to one side of each fixture. The detection
range for an 8ft mounting height is 20ft. See Appendix D for full fixture and sensor specifications. The fixtures were
set to reduce light output and energy consumption by 50% when no motion was detected for 15 minutes within the
sensor range.

2.3

LED Lighting System

The LED fixtures used in the pilot project were EDGE LED Parking Structure Lights (X-PS) manufactured by Ruud
Lighting. The rated input wattage of the fixtures is 55W for two LED light-bars, with 3400 initial delivered lumens
and 6000K colour temperature.2 The luminaire efficacy is 62 lumens per watt. Each fixture has a built-in occupancy
sensor for bi-level dimming, with a specified detection range of 25ft at an 8ft mounting height. Note that a special
order was placed with Ruud Lighting to supply fixtures with bi-level switching between 350mA (55W) and 175mA
(27.5W); the regular factory settings for bi-level dimming for the fixture is 525mA and 175mA (in this case the factory
setting would have resulted in over-lighting the facility when the fixtures were in the high-power state). See Appendix
E for full fixture and sensor specifications. The fixtures were set to reduce drive current by 50% when no motion was
detected for 15 minutes within the sensor range.

3.0 Performance Assessment Methodology
This pilot project was evaluated using the LightSavers Monitoring and Evaluation Protocol, developed by TAF in
collaboration with the Ontario Centre for Environmental Technology Assessment (OCETA). The full protocol is
available at www.lightsavers.ca.

3.1

Illuminance

Prior to any illuminance measurements, the existing HPS parking garage lights were re-lamped with new lamps, and
these were operated for approximately 100 hours to allow the lamps to achieve rated output.
In addition to normal photopic measurements, scotopic data were also collected for comparison purposes at these
sites. Ambient temperature was also recorded at the time of each measurement.
Note that all illuminances were recorded at full fixture output, since the occupancy sensor made it impossible to
collect values when the space was unoccupied.
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Each garage was divided into three zones: (1) a baseline zone illuminated by the original (re-lamped) HPS fixtures;
(2) a test zone illuminated by the bi-level Ruud LED fixtures controlled by Passive Infra-Red sensors (PIR); and (3),
a test zone illuminated by bi-level T8 Fluorescent fixtures controlled by PIR sensors. A grid of between 8 and 13
measurement points were marked on the floor of each zone in each garage. Each grid contains an equal number
of measurement points in the centre of one driving lane and one parking row. Locations were selected to minimize
shadowing and interference from parked vehicles. During the data collection cycle, some measurements were
skipped when site conditions made accurate measurement impossible (e.g. due to parked vehicles).
It is to be noted that the measurement grid used does not follow IES recommended practice, which would require
more data points and vertical illuminance measurements. However, the values are real and the purpose of the
measurements, to compare the relative illuminance in different areas and to validate the performance claims for
LED luminaires, has been served.
Illuminance data was collected on site for a 9 month period commencing in February, 2010. Since the quantity of
raw data at this site is extensive, the summary data charts are appended to this document (See Appendix F).
For reference, the Illuminating Engineering Society of North America Lighting Handbook, Ninth Edition,
Recommended Maintained Illuminance for Parking Garages, was used (see Appendix A). Minimum maintained
horizontal illuminance is 10 lx. Recommended Maximum/Minimum value is 10:1. Also referenced are the Property
Standards of the Toronto Municipal Code, which require a minimum illuminance of 50 lx for parking garages.

3.2

Power

Optimum Energy Products Ltd. (OPEL) EML-2000 Energy Loggers were installed on each lighting circuit in the parking
garages to monitor the power demand of each fixture type. The power demands were logged every hour for seven
months from November 26, 2009 to June 26, 2010, and cumulative energy consumption was also logged for each
circuit.

4.0 Results
4.1

Illuminance

Figures 1 and 2 below illustrate the average photopic illuminance after nine months for each pilot zone.
Figure 1: Average Photopic Illuminance After 9 Months – Victoria Park

4

LightSavers - Toronto Community Housing Final Report | April 2011

Figure 2: Average Photopic Illuminance After 9 Months – Ellesmere

The average photopic illuminance measured on site after nine months with the baseline (re-lamped) HPS fixtures
was 130 lux at Victoria Park and 139 lux at Ellesmere.
Average photopic illuminance under the LED fixtures was 106 at Victoria Park and 96 at the Ellesmere site.
Average photopic illuminance under the T8 fluorescent fixtures was 98 lux at Victoria Park and 111 lux at the
Ellesmere site.
Interestingly, although the spacing between fixtures was the same, the LEDs provided higher illuminance levels at
Victoria Park while the T8 fluorescent fixtures provided higher illuminance levels at the Ellesmere site. However the
differences are fairly minor.
Figure 3 illustrates the minimum illuminance values after nine months, with reference to the IES recommended
value for parking garages (RP-20) as well as the City of Toronto’s Property Standards Code requirements.
While the minimum illuminance provided by both the T8 and LED fixtures was 25-50% lower than under the baseline
HPS fixtures, in all cases it was still well in excess of the IES recommended value.
The T8 fixtures at Victoria Park did not meet the Toronto Property Standard of a minimum of 50 lux. The T8 fixtures at
Ellesmere just met the Toronto Property Standard. Both LED fixtures exceeded the Toronto Property Standard.
Photopic illuminance is the standard metric for measuring light levels, however it excludes significant portions of the
visible light spectrum which can contribute to visibility under certain conditions. LED and fluorescent light sources
have a significant proportion of their light output in these excluded wavelengths. Figure 4 and 5 below illustrate and
compare the average photopic illuminance values with the average scotopic illuminance measured on site.
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Figure 3: Minimum Photopic Illuminance After nine Months — Both Sites

Figure 4: Average Scotopic and Photopic Illuminance After 6 Months – Ellesmere
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Figure 5: Average Scotopic Illuminance – Victoria Park

The scotopic data is included here although there is no current metric to interpret these data. As expected, the white
light sources, T8 fluorescent and LED, have considerably better scotopic values than the HPS light source. However,
these illuminance levels are well outside the range of scotopic vision. Note that only one set of scotopic readings
were taken at Ellesmere, while three dates were collected at Victoria Park. There is no significant difference in the
data collected on the three dates at Victoria Park.

4.2 Uniformity
Uniformity of illuminance levels is critical for human vision since the eye is so sensitive to contrast. The IESNA
recommendation for parking garages is a maximum to minimum ratio of 10:1 or lower. The uniformity of the lighting
products tested was excellent, and well within the IES recommended value. From these values it may be extrapolated
that the uniformity at 50% light level will most likely be within the recommended value.
Table 1: Max:Min Values After 9 Months - Ellesmere
Max:Min After 9 Months
Base HPS fixtures

2.3:1

T8 fixtures

3.4:1

LED fixtures

2.2:1
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Table 2: Max:Min Values After 9 Months – Victoria Park
Max:Min After 9 Months

4.3

Base HPS fixtures

2.3:1

T8 fixtures

2.5:1

LED fixtures

2.1:1

Colour Temperature

Colour temperature readings were taken during the first and last illuminance measurement sessions in order to
verify the product specifications and assess whether there was any shift in colour temperature over the course of the
monitoring period. The data is illustrated below in Table 3.
Table 3: Colour Temperature
Ellesmere

Victoria Park

Feb 2010

Oct 2010

Feb 2010

Oct 2010

Manufacturer
Specifications

T8

3900K

3845K

3740K

3750K

4100K (+/- 500K)

LED

6090K

6095K

5780K

5760K

6000K (+/- 500K)

The colour temperature of both the LEDs and the fluorescent fixtures was within manufacturer specifications. As the
data above illustrate, there was no significant colour shift over the course of the pilot monitoring period for either of
the tested products.

4.4

Average Illuminance Over Time

Uncertainty over the useful lifetime of LED luminaires is one of the key barriers to widespread adoption of the
technology. Therefore one of the objectives of the LightSavers pilots is to monitor average illuminance over time
for LED’s in real site conditions. 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 is generally considered to be the point when lumen output has declined to 70% of the original
value (referred to as L70).
The manufacturer estimate for the useful life (L70) of the LED fixtures in this trial was 150K hours, corresponding
to approximately 17 years in this application. However, many independent experts recommend a more conservative
estimate of LED lifetimes of 50K hours, given the lack of long-term performance data. The monitoring period for this
pilot corresponds to approximately 6500 hours of operation. If the manufacturer estimated lifespan is accurate,
source lumen depreciation should be less than 1.5% over the trial period.
Note that the data collected is illuminance on the pavement, not source lumens. Other factors than lumen
depreciation can contribute to changes in horizontal illuminance such as ambient temperatures, stray light from
other sources, and dirt depreciation on the luminaires. Additionally, portable light meters such as those used in this
study are only accurate to plus or minus 5%.
The data can be graphed as shown here (see Average illuminance over 6500 hours of operation below).

8
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Figure 6: Average illuminance over 6500 hours of operation – Ellesmere
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Figure 7: Average illuminance over 6500 hours of operation – Victoria Park
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Table 4, below, illustrates the percentage change in average illuminance from the first measurement session to the
last measurement session.
Table 4: Average Illuminance: % Change, first measurement vs. last measurement
% Change
Ellesmere

% Change
Victoria Park

Base HPS fixtures

-1.9%

-18.1%

T8 fixtures

-2.7%

-2.6%

LED fixtures

+0.4%

+5.6%

The 18% reduction in illuminance for the baseline HPS fixtures at Victoria Park is very high for an HPS source after 9
months. This may indicate an underlying problem with one or more of the HPS luminaires.
The T8 fluorescent values are approximately what is expected. These sources have excellent lamp lumen
depreciation values, typically 0.9 or better.
In the LED test areas, average illuminance actually increased, indicating the measured values after 9 months are
higher than the starting point. This is not entirely unexpected, as some studies have shown a slight appreciation
in LED light output during the first few thousand hours of operation. Although this data cannot be extrapolated to
predict the useful life of the fixtures, the stability of the average illuminance levels over 6500 hours of operation
adds credibility to the manufacturer estimated lifespan of 150K hours.

4.5

Temperature Sensitivity

Another goal of on-site measurement is to track any sensitivity of LED fixtures to climate, in particular temperature.
LEDs are known to be sensitive to ambient temperature, with higher temperatures leading to lower light output and
vice versa. Temperature data is collected at LightSavers sites using digital thermometers (Omega HH308).
Although fluorescent technology is also known to be sensitive to temperature, this relationship is relatively well
understood and was not of interest in this study.
Figure 8 and Figure 9 (see next page) illustrate the average illuminance and ambient temperature for the LED
fixtures for each measurement session, organized from coldest to warmest. The readings are organized from coldest
to warmest in order to illustrate any observed correlation.
Figure 8 shows the Illuminance and Temperature data for the Ellesmere site. As expected, there is a statistically
significant, inverse correlation between temperature and illuminance3. There is approximately 7% variation in light
levels across a range of 23 degrees celsius. It is notable that the five lowest average illuminance readings were all
recorded at times when the ambient temperature was above 20 degrees celsius. However, it should be noted that
the differences are within the error margin of the illuminance meter.
Figure 9 shows the Illuminance and Temperature data for the Victoria Part site. On this site there is a very slight,
inverse correlation between average illuminance and abmient temperatures, however the relationship is not
statistically significant4. The differences are within the error margin of the illuminance meter.

3
4

10

R2= -.504, significant at the .05 level.
R2 = -.087, significance is .362.
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Figure 8: Illuminance and Temperature – Ellesmere

Figure 9: Illuminance and Temperature – Victoria Park
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4.6 Power & Energy
Power use and energy consumption were tracked over a seven month period using data loggers connected to each
of the lighting circuits. Figures 10 and 11 below illustrate the power consumption of each fixture-type on full power
as well as the average power consumption over seven months for the T8 and LED fixtures.
Figure 10: Ellesmere Power Usage (watts per fixture)

Figure 11: Victoria Park Power Usage (watts per fixture)

12
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Actual energy savings compared to the baseline design were nearly identical for both the fluorescent and LED
fixtures, ranging from 70-73% (see Tables 5 and 6 below). The majority of the savings were due to the reduced
wattage of the new LED and T8 fixtures. The adaptive control systems accounted for approximately 20% of the total
energy savings.
Table 5: Ellesmere Calculated Savings
Power Savings

Percent Savings

T8 fixtures

129 W – 35 W = 94 W

73%

LED fixtures

129 W -37 W = 92 W

71%

Table 6: Victoria Park Calculated Savings

4.7

Power Savings

Percent Savings

T8 fixtures

130 W – 39 W = 91W

70%

LED fixtures

130 W – 38 W = 92 W

71%

Economic Performance

The economic performance of the LED and fluorescent luminaires was assessed under two scenarios. The first is an
early replacement scenario, where the costs and benefits of installing the LED fixtures are compared against leaving
the existing HPS fixtures installed, over a fifteen year period. This scenario assumes that the HPS fixtures would last
for an additional fifteen years with only replacement of minor components (in this case that would be unlikely).
The second scenario is an end of life or new construction scenario, where the costs/benefits of the LED fixtures are
compared against the costs of purchasing new HPS fixtures assumed to be equivalent to those already installed at
the site. This scenario assumes that the lights need to be replaced within the near term future, and could also be
extrapolated to new construction situations where project managers are faced with a choice between HPS and LED
fixtures.
The installed cost of the LED fixtures was $1,066 per fixture. The installed cost of the T8 fixtures was $307 per
fixture. The assumed installed cost of a new HPS luminaire is $260. Average annual maintenance savings are based
on information provided by TCH staff.
The results of each scenario are illustrated below (on a per-fixture basis).
Table 7: Economic Performance for Early Replacement Scenario
Fixture

Cost

Annual Energy
Savings*

Avg. Annual
Maintenance
Savings

Simple Payback**

15 Year Return on
Investment

LED

$1,066

$81

$17.50

10 years

71%

T8

$307

$81

$0

4 years

443%

* At $0.10/kWh
** Assuming 3.5% annual inflation in energy prices
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Table 8: Economic Performance for End of Life or New Construction Scenario
Fixture

Incremental Cost

Annual Energy
Savings*

Avg. Annual
Maintenance
Savings

Simple Payback**

Total Cost of
Ownership
(15 years)**

LED

$806

$81

$17.50

8 years

$1,706

T8

$47

$81

$0

1 year

$974

HPS

N/A

N/A

N/A

N/A

$2,470

* At $0.10/kWh
** Assuming 3.5% annual inflation in energy prices

The payback for the LED fixtures under the early replacement scenario is relatively long, although still well within
the expected lifetime of the fixtures. Under the end of life or new construction scenario, the LED fixtures offer a
considerably lower Total Cost of Ownership compared to the HPS lighting system. However, realizing this benefit
depends on the products meeting the manufacturer claimed lifetimes of over 15 years.
It should be noted that the actual costs incurred in this pilot project are probably not representative of what the
costs would be on future installations. First, the price of LED luminaires is falling relatively rapidly. Second, a larger
purchase order would result in a lower price point. Figure 12 below illustrates the estimated payback of the LED
fixtures in an end of life scenario at a variety of installed costs which might be achievable in the near-term future for
larger scale projects. To achieve a five year payback, the installed cost of the LED fixtures would need to fall to below
$600 per fixture.
Figure 12: Installed Costs vs. Payback (scenario one)

14
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4.8

Public Perception Summary

LightSavers contracted EKOS Research Associates to test resident reaction to the new lighting in these two buildings.
Four focus group sessions were held in the buildings across two nights. Each participant was also asked to complete
a short questionnaire in order to better allow results to be compared across groups.
Residents in both buildings had strongly positive reactions to the new lighting and saw the new lighting as a vast
improvement over the old lighting.
Safety was, by far, the top concern for a large majority of residents.
Most felt that the new lighting had positively impacted their sense of personal safety; several also mentioned that
incidences of vandalism had been reduced following the installation of the new lights.
All residents perceived the new lights to be brighter than the old lighting. This was notable given that average
illuminance levels were actually decreased. Though most felt the new lights were the right level of brightness some
felt that the LEDs were too bright and others felt the Fluorescents were not bright enough.
The motion sensors were viewed very favourably by most residents. Many noted that their sense of personal safety
was positively impacted by fact that motion sensors were being used and no one expressed concern at the lower
levels of light when motion had not been detected.
While there were some differences in opinion on which of the new lights was preferred, there was a slight lean
towards the LED lighting (which was perceived to be brighter).
Residents clearly would not support a return to the old lighting and the new lights have raised their expectations for
garage lighting in their buildings.
The full survey report can be accessed at www.lightsavers.ca/public.php

5.0 Conclusions
The project has successfully proven that LED parking garage lighting, equipped with adaptive control technology, can
be used to replace conventional High Pressure Sodium technology with excellent energy savings.
Average illuminance in the LED test area was very stable over 6500 hours of operation, indicating excellent lumen
maintenance. This adds credibility to the manufacturer estimated lifespan of 150,000 hours for this application.
Temperature sensitivity was present but within expected parameters.
The LED system was able to greatly exceed the minimum illuminance levels recommended by the IES (RP-20), and
also exceeded the much stricter requirements of the Toronto Municipal Code, without requiring any changes to
fixture spacing or the number of fixtures. Uniformity was excellent.
The LED lighting system, complete with adaptive controls, is expected to pay for itself within 10 years, which is
well within the manufacturer estimated lifespan. However, the T8 fluorescent lighting system tested in parallel at
these sites has a payback of under 4 years. This indicates that LEDs require further performance improvements,
and/or price reductions, in order to be competitive with high-efficiency fluorescent technology from an economic
perspective.
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Residents strongly preferred both the LED and fluorescent lighting over the baseline HPS lighting. The new lighting is
perceived to be brighter and makes the residents feel safer while in the garages — despite the fact that illuminance
levels were reduced. This effect is presumed to result from the superior colour rendering of both the LED and
fluorescent system. The adaptive control system was also well received by residents, with several noting that the
system enhanced their feeling of safety by alerting them to the presence of other individuals in other parts of the
garage.
While the majority of the energy savings were accounted for by the luminaires themselves, the adaptive control
system accounted for approximately 20% of the total energy savings. The additional savings were more than
adequate to justify the small incremental cost of the adaptive controls. However, the most significant benefit of the
adaptive controls may be their expected impact on the LED luminaire lifetimes. The LED luminaires operate at a
lower drive current in the low-power state, which reduces the temperature inside the luminaire. Heat is the primary
cause of lumen depreciation in LEDs. This effect should extend the lifespan of the LED fixtures by up to 50%.
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Appendix A: IESNA Parking Garage Illuminance Recommendations
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Appendix B: Fixture locations at 2180 Ellesmere
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Appendix C: Fixture locations at 2743 Victoria Park
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Appendix D: T8 Fixture and Occupancy Sensor Specifications
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Appendix E: LED Fixture Specifications
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Appendix F: Summary Data Chart
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