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EXECUTIVE SUMMARY 
This project examines performance parameters and effective use of controllable light-

emitting diode (LED) component systems for commercial cold storage and exterior outdoor 

parking lots (pole and structure mounted). Currently, there is not a standard systems 

approach for presence sensor technology (occupants or transports/vehicles sensing) coupled 

to LED technology. Bundling these technologies, thereby creating a systems approach, has 

the potential for significant energy reduction for both environments. While these tests were 

concurrently performed on the same site, implementation of emerging technology LED 

lighting and occupancy sensor technology, as a package, has standalone value for both 

applications. If Southern California Edison (SCE) were to incentivize LED lighting with 

occupancy (motion sensor) controls as a system, such a system could be marketed and 

implemented at exterior sites as well as cold storage warehouse facilities, or sites with both 

functions. This systems approach also has potential with other industrial, commercial, and 

governmental environments exhibiting similar characteristics.  

The major goals for this project are as follows: 

 Examine performance and effectiveness of controllable LED component systems for 

commercial cold storage and exterior outdoor parking lots (pole and structure mounted). 

 Demonstrate that bundling these technologies (LED-lamped luminaires and 

occupancy sensing motion controls), provides an effective energy saving system. 

 Explore viability potential for significant energy reduction in a diverse range of 

spaces with the adaptation of this technology into existing and new construction 

environments. 

Results of the projects controllable LED component system testing were very promising. Use 

of controllable LED component systems for commercial cold storage as well as outdoor 

parking lots demonstrated that significant energy savings and demand reduction is possible 

for such environments. Overall, sensors exhibited good response to vehicular (fork lifts, 

pallet jacks, and delivery trucks) and occasional pedestrian traffic. 

Currently this technology system package is not under an SCE incentive program. 

Test results from the project model were extremely favorable. Based on findings from this 

test model, several beta field applications at similar and related sites are recommended. 

These beta installations would serve to verify the reliability and constancy of performance 

and effective energy savings recorded on the model. 

Given these favorable results and observing the quality (rugged nature) and ease of 

commissioning of the luminaire systems, it is believed they are now reliable high-

performance systems capable of delivering consistent energy savings. They are candidates 

bundled for packaging into SCE customer incentive programs. There are no interior cold 

case PIR limitations. The PIR limitations on exterior applications occur when fixture spacing 

exceeds approximately 65 feet. Where this spacing is exceeded, pole or structure mounted 

systems can use mesh control coupled PIR motion sensing or microwave sensors. Applying 

the same best-practice system discovery used for this project, it is believed this study can 

serve as a baseline for two LED occupancy/motion control system SCE incentive programs.  
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TABLE ES-1. SUMMARY OF ENERGY SAVINGS AND DEMAND REDUCTION PER LUMINAIRE-COLD CASES 

 ANNUAL ENERGY 

CONSUMPTION 

(KWH/YR) 

ANNUAL ENERGY 

SAVINGS 

(KWH/YR) 

PEAK DEMAND 

(KW) 
PEAK DEMAND 

REDUCTION 

(KW) 

Baseline 1,528 - 0.452 - 

New Technology 426 1,102 0.167 0.326 

 

 

 

TABLE ES-2. SUMMARY OF ENERGY SAVINGS AND DEMAND REDUCTION PER LUMINAIRE-EXTERIOR (PARKING LOT & DOCK) 

 ANNUAL ENERGY 

CONSUMPTION 

(KWH/YR) 

ANNUAL ENERGY 

SAVINGS 

(KWH/YR) 

PEAK DEMAND 

(KW) 
PEAK DEMAND 

REDUCTION 

(KW) 

Baseline 1,528 - 0.452 - 

New Technology 423 1,105 0.193 0.327 
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ABBREVIATIONS AND ACRONYMS 

AGI AGI-32 is Lighting Simulation Software made by Lighting Analysts, Inc. 

CRI Color Rendering Index 

CWA Constant Wattage Autotransformer 

eV Electron Volt 

fc  Footcandle 

IESNA Illuminating Engineering Society of North America 

ILC Integrated Lighting Concepts, Inc. 

LED Light Emitting Diodes 

LDD Lamp Dirt Depreciation 

LLD Lamp Lumen Depreciation 

LLF Light Loss Factor 

Lm Lumen 

LPD Lighting Power Density 

LPW Lumens per watt 

kW  Kilowatt 

kWh  Kilowatt-hour 

mA Milli-Amp 

MH Metal Halide 

NA Not Applicable 

N/A Not Available 

Niche Market Market segment that is specialized and/or has limited application or use 

PSMH Pulse Start Metal Halide 

RMS Root Mean Square 

SCE Southern California Edison Company 

SCLTC Southern California Lighting Technology Center 

W Watt 
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INTRODUCTION 
Currently, Occupancy Sensor Coupled light-emitting diode (LED) lighting applications are 

not prevalent. LED technology, as a stand-alone - is still rare. There are however, large 

markets present for both cold case and exterior parking lot applications for the marriage of 

occupancy sensors and LED lighting. The goal of this project was to demonstrate how 

effective such marriages could be. Using Occupancy Sensor Coupled LED lighting can result 

in significant energy savings over incumbent technologies, and on cold case and exterior 

parking lot applications. An additional benefit, unique to LED and derived from operating 

LED at reduced energy loads, is the significantly extended life of the LED lighting component 

(light engine) while at reduced load.  

 The cold case study included analyses of incumbent pulse start metal halide (PSMH) 

lighting versus the emerging technology Occupancy Sensor Coupled LED lighting. An 

overview of those two systems follows: 

o Incumbent – 400 Watt (W) PSMH non-dimmable with manual on/off switches 

uses 452W connected load per luminaire providing 100% light/power output 

continuously on during each operational period. 

o Emerging – LED with controllable on/off by occupancy sensing, uses 172W 

connected load per luminaire at 100% output when the space is occupied. It 

shuts off to zero power/zero light 6 minutes after the space becomes vacant. 

Lights switch on/off individually for maximum consumption/demand savings.  

 The exterior open lot study included analyses of incumbent PSMH lighting versus the 

emerging technology Occupancy Sensor Coupled LED lighting. An overview of those 

two systems follows: 

o Incumbent – 400W PSMH non-dimmable operated dusk-to-dawn via time 

clock control uses 452W connected load per luminaire providing 100% 

light/power output continuously on during each operational period. 

o Emerging – LED with sensor controllable high/low via  occupancy sensing and 

on/off  via same time clock control as incumbent, uses 204W connected load 

per luminaire at 100% light/power output when the lot is occupied, and 19% 

power (25W) and  17% of full light after 6 minutes of no occupant or vehicular 

traffic. Lights switch high/low individually for maximum consumption/demand 

savings.  

 Commercial cold case and parking lots for all market segments can yield significantly 

reduced energy and demand loads using this marriage of technologies. Performance 

of the LED, as a standalone on the test models, captures energy reductions of 62% 

and 55%, respectively for the cold case and exterior models.  Adding the occupancy 

sensor component can result in an overall 70% to 80%, and 65% to 75 % energy 

load reductions, respectively for the cold cases and the exterior during their 

operational periods. The cold cases may experience an energy demand reduction 

estimated at an additional zero to 10%; the exterior system demand reduction is 

estimated at 20% to 30%.  

 Results from the test model were extremely positive. Based on these findings 

immediate introduction of these packaged technologies is warranted. 
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A food company, located in Rancho Cucamonga, California, was chosen because this site 

represented an excellent opportunity to accommodate the assessment of both cold case 

lighting and exterior parking lot lighting. Occupancy sensor coupled LED lighting was 

installed for each test space. The LED lighting replaced the incumbent PSMH lighting on a 

one-to-one luminaire basis without power point relocations. 



 Occupancy Sensor Coupled LED Lighting for Cold Cases & Exterior Lots    ET11SCE1220/21 

Southern California Edison Page 3 

Design & Engineering Services February 2012 

BACKGROUND 
Occupancy Sensor Coupled LED lighting has generated interest as the marriage of these two 

technologies that allows users additional control within spaces that employ the technologies. 

This higher-level control results in significant load reduction. Additionally, benefits such as 

extended life of LED systems and environmental control (dark-sky requirements) are 

benefits of the married technologies. Prior testing and evaluation by Southern California 

Edison (SCE) and others of LED and motion-sensor married technology has led to interest in 

expanding Occupancy Sensor Coupled LED lighting into a wider range of application spaces 

within a broader market.   

One prior SCE project, in particular, proved positive results with Occupancy Sensor Coupled 

LED lighting. A juvenile center parking garage located in Southern California compared 

incumbent MH (non-controlled) lighting to occupancy sensor coupled LED lighting for 

covered parking garages. In this study, 82.5W LED luminaires provided equivalent light 

output on high to 175W MH luminaires. In addition, when switched to low level (27.5W), 

they provided additional load reduction as well as extending LED operational life. 
 

Figure 1, Figure 2, and Figure 3 show the incumbent MH system versus the LED with motion 

sensor control at both high and low levels for the Downey covered lot study conducted by SCE in 

2008.  
 

   

FIGURE 1. INCUMBENT PSMH SYSTEM  

175W 

5.3 FC WITH 5:1 MIN/MAX UNIFORMITY 

FIGURE 2. LED SYSTEM AT FULL 

OUTPUT 82.5W  

6.9 FC WITH 3:1 UNIFORMITY 

FIGURE 3. LED SYSTEM AT LOW 

OUTPUT 27.5W 

3.7 FC WITH 3:1 UNIFORMITY 

EMERGING TECHNOLOGY/PRODUCT 
 Occupancy Sensor Coupled LED lighting test models are installed to 

evaluate cold case freezer and refrigerated storage lighting, and open 

parking lot lighting at our test site. 

 Illumination is produced via LED technology. White light LED modules use 

coatings that are applied to the LED. Radiant energy excites the coating 

giving off visible white light. This action is somewhat similar to fluorescent 

lamp technology. 

 Occupancy Sensor Coupled LED lighting will eventually replace incumbent 

PSMH and HPS technologies/products.  
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 Occupancy Sensor Coupled LED lighting is more energy efficient, affords 

improved lighting quality, and the ability for wider range control than 

PSMH and HPS products. 

 Current market barriers are price and system knowledge as to application 

and availability. 
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ASSESSMENT OBJECTIVES 
Objectives were to collect data from the test models, both cold storage and open lot 

parking, to establish consumption, load, and cost savings potential using Occupancy Sensor 

Coupled LED lighting. The initial goals were to: 

 Save significant energy via fixed deltas inherent to the sources, 

 Capture additional (i.e., enhance  savings) energy with occupancy sensing controls 

taking advantage of the instant on-off and deep dimming capacity of the LED 

technology, and  

 See if, for the cold cases, any refrigeration (REFR) compressor savings could be 

measured. 

Methods for measuring and accessing design performance and energy-saving objectives 

used on this project were: 

 Illuminance measurements of the incumbent system (PSMH) versus the test model 

technology (Occupancy Sensor Coupled LED lighting). 

 Field monitoring of power usage (kWh) logged over time comparing; a. incumbent 

non-dimmable PSMH technology to the dimmable LED with sensor technology, and b. 

Refrigeration compressor plus cold case lighting load  compared before and after the 

lighting installation. 

 Lab sphere testing of luminaire samples used for the emerging technology field test 

models. Testing to validate manufacturer’s performance claims for luminaires used 

on the project. 

 

The assessment plan for this project includes field and lab testing (a sample of each 

luminaire model only), lifecycle cost (LCC) analysis, and review of all test data for 

performance of the LED with motion sensor technology versus the incumbent non-dimmable 

PSMH technology.  

 The main objectives of this project are to determine the viability, performance, 

and cost effectiveness of LED with motion sensor technology as a replacement for 

incumbent PSMH technology.  

 This project is a technology assessment and evaluation project. 

 This technology assessment will include performance evaluations of the emerging 

technology (LED with motion sensors) versus the incumbent PSMH technology 

under field conditions. Included in the performance parameters are determining 

the energy savings and demand reduction over the incumbent technology.  
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TECHNOLOGY/PRODUCT EVALUATION 
The unique feature of the LED systems demonstrated on this project is its instant (and 

approximately linear) dimming response, which is capable of performing these duties with 

off-the-shelf products. 

 

 The test site was selected for this field assessment as it provided good access, 

easy monitoring, and was relatively easy to setup. 

 DES staff, along with ILC, conducted this assessment. DES staff conducted the 

power monitoring and lab testing. 

 Fixed (non-controllable with manual on/off switches) electromagnetic ballasted 

PSMH vs. presence sensor coupled dimmable LED 

 Commercial cold case and parking lot applications suitable and scalable to all 

market segments 
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TECHNICAL APPROACH/TEST METHODOLOGY 

FIELD TESTING OF TECHNOLOGY 
A food distribution facility was selected as the test site for both models. 

Technology tests consisted of LED luminaires with integrated occupancy sensing 

motion-detector control gear. The study included two different applications. 

The interior test model consisted of LED luminaires placed within cold cases (large 

walk-in/drive-in freezers and a walk-in/drive-in refrigerator). This system employed 

occupancy sensor motion controls to turn the system on when the space is occupied 

and turn completely off when not. Occupants, forklifts, and pallet jacks are entering 

the freezers and coolers on a periodic basis within a 10-hour workday.  

The second test model consisted of exterior LED parking lot luminaires with 

occupancy sensor motion controls to ramp the system to full output when vehicles or 

people  are in the lot, and lowering system output to 19% power (energy savings 

mode), and 17% of full light when the lot is not occupied. This system operates from 

dusk to dawn. The site has a large parking lot located to the east of the warehouse 

for delivery service trucks and warehouse open storage. There are also parking lots 

at the west side (front) and the north side of the building. All three lots were used 

for the exterior test model.  

Existing lighting within warehouse walk-in freezers and cold storage areas were 400W 

PSMH luminaires without controls. Existing luminaires remained on during the full typical 

10-hour work cycle, Monday through Friday. Existing illumination with this system was 

measured to establish an illumination baseline. Power monitoring was also used to 

establish an energy consumption baseline for this existing system. Figure 4 and Figure 

5 are examples of a freezer room with original PSMH lighting. 

All existing parking lot luminaires were also 400W PSMH. Parking lot lighting 

operates from dusk to dawn year round. The existing parking lot lighting had only 

time clock On/Off control, with lights on at dusk and off at dawn throughout the 

year. In addition, light levels for existing lighting were recorded to establish an 

illumination baseline. Again, as with the interior model, power use was monitored to 

establish an energy consumption baseline for the existing technology. Original PSMH 

parking lot lighting appears in Figure 6, Figure 7, and Figure 8.    

Emerging technology LED replacement luminaires with motion sensors were installed 

one-to-one using the same power points as the incumbent PSMH luminaires. Cold 

case replacements are Beta Edge LED canopy lights with 40-degree optic 

distribution. (See Appendix A for complete specifications.) Exterior open lot 

replacements are Beta Edge LED area lights with Type 3 medium distribution. (See 

Appendix A for complete specifications.)   
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FIGURE 4. PSMH LIGHTING 

Existing PSMH lighting 

in cold storage and 

freezers remains On 

during the typical 10-

12 hour work cycle. 

Lighting must remain 

on during this cycle 

because PSMH, when 

turned off, has a long 

(over 8-minutes) re-

strike start-up time. 

This lengthy delay is 

not acceptable as it 

hinders day-to-day 

operations. 

 

 

FIGURE 5. PSMH LIGHTING 

Illumination recorded 

for the incumbent 

PSMH lighting was on 

the “low end” of IES 

recommended 

illumination of 10 

footcandles (fc) to 

30fc. The existing 

PSMH lighting had not 

been re-lamped and 

luminaires were not 

cleaned. Had the 

system been re-lamped 

and luminaires cleaned, 

illumination would have 

probably been closer to 

the IES recommended 

illuminance. 
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FIGURE 6. TYPICAL POLE- MOUNTED LOT LIGHTS  

At the perimeter of the open lot, 

existing incumbent PSMH lighting 

consisted of four 400W luminaires 

mounted on poles 26 feet above 

finished grade (AFG). The LED test 

luminaires were mounted one-for-

one on existing poles.  

 

FIGURE 7. TYPICAL BUILDING-MOUNTED LOT 

LIGHTS FOR LOADING DOCK & OPEN 

LOT EXISTING LIGHTING 

Mounted on the building at the rear 

lot, existed four wall packs with 

PSMH lighting consisting of 400W 

luminaires 26 feet AFG. The LED 

test luminaires were mounted on 

existing brackets at the same 

power points as the existing wall 

packs. 

 

 

FIGURE 8. TYPICAL BUILDING-MOUNTED LOT 

LIGHTS  FOR PARKING  

Mounted on the building, using 

brackets, at the west (front) and 

north lots are ten 400W PSMH 

luminaires 26 feet AFG. The LED 

test luminaires were mounted on 

the existing brackets at the same 

power points as the existing PSMH 

luminaires. 
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TEST PLAN 
 The incumbent technology in the small freezer was at approximately 1 year of 

operation, so the lamp burn time is customer estimated at 2,000 hours. 

Approximately 3 lamp burnouts out of about 18 occurred in the large cold 

case (combo freezer/refrigerator), so the array in that case is estimated to be 

at its lamp-rated life of 20,000 hours. Comparisons of existing unrefreshed 

systems versus refreshed and/or new systems will be calculated using the 

collected illuminance of existing and the new LED test systems. Industry 

accepted maintenance and performance data will be used to formulate the 

variance between new and maintained lighting for incumbent PSMH and the 

emerging technology LED lighting. 

 Energy input and output were monitored for both the incumbent PSMH 

lighting and the emerging technology LED lighting during the duration of this 

technology testing and evaluation. Representative monitoring data intervals 

before and after the respective cold case and exterior new installations were 

analyzed. 

 Revolution Wireless data logging equipment and a Power Vista power quality 

analyzer meter recorded data every one 1 - 5 minutes over the course of 

testing. This was done for both the incumbent PSMH as well as the LED 

lighting. 

 In addition to data logging power usage and operational functions (sensors 

on/off – cold storage and dimming exterior outdoor lots), illuminance readings 

were compiled and reviewed against IES recommended illuminance for the 

applications in our test models. LPD of incumbent PSMH and emerging 

technology LED lighting were also calculated for the areas comprising our test 

models. LPD’s were then compared to California T24 energy code allowed 

LPD’s to validate compliance with code. 

 

TABLE 3. REFRIGERATED WAREHOUSE 

 

GUIDELINES & TARGETS ILLUMINANCE (H) ILLUMINANCE (V) UNIFORMITY  POWER DENSITY 

IES Recommendations (10th 
HB) 

10fc – 30fc 15fc – 5fc 5:1 (avg.: min.) NA 

TITLE 24 Compliance (T24-08) NA NA NA 0.7W Sq. Ft 
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TABLE 4. OPEN PARKING LOTS 

 

GUIDELINES & TARGETS ILLUMINANCE (H) ILLUMINANCE (V) UNIFORMITY  POWER DENSITY 

IES (10th HB) Standard 
Security 

0.2fc Min. 0.1fc Min. 20:1 (max.: min.) NA 

IES (10th HB) High Security 0.5fc Min. 0.25fc Min. 15:1 (max.: min.) NA 

TITLE 24 Compliance (T24-08) NA NA NA LZ-3 Targets* 

* LZ-3: 0.092W X Sq. Ft + 0.92W X Lin. Ft. + 770W = Total Allowed LPD 

INSTRUMENTATION PLAN 
Test instruments to measure illuminance, demand load, and laboratory testing of 

luminaires used for the test models were employed for testing of the LED luminaires 

with integrated occupancy sensing motion detector control gear. In addition, 

photographic equipment and computer modeling software for reference designs prior 

to install of the test model were employed. 

 Minolta T-10 Luminance Meter 

 Canon 450D SLR with EFS 17-85MM lens  

 PMI Revolution Wireless Power Quality Recorders 600V/500A Max 

 Power Vista Power Quality Analyzer 

 AGI-32 Lighting Simulation Software 

 SCE LTTC Labsphere SLMS LED 7650 

 

INSTRUMENTATION PLAN - ILLUMINANCE 

 Illuminance readings were obtained using a Minolta T-10 illuminance meter   

Performance specifications for the Minolta T-10 is described with the image of 

the meter in Figure 9.  

 Illuminance readings were taken at grade (horizontal) and at 6-foot (vertical) for 

existing PSMH lighting and LED test lighting in freezer and refrigerated 

warehouse walk-in cases. At the open parking lots, only the illuminance for LED 

test models was recorded. Illuminance for existing PSMH incumbent technology 

was not documented. 
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FIGURE 9.  – MINOLTA T10 ILLUMINANCE METER USED FOR MEASUREMENTS 

 Photographic equipment consisted of a single-lens reflex camera and Canon 

17mm to 85mm high-resolution image stabilized lens.  

 Reference images were taken with camera set at ISO 800 and 1600 with use of 

semi-manual metering.  

 AGI-32 lighting simulation software was used to render computer models 

before installation of the LED lighting field models with integrated occupancy 

sensing motion detector control gear. 

 This tool was used to create computer models used in evaluating the 

technologies prior to field install test models is a recognized premier computer 

software program modeling tool for lighting design and evaluation. AGI-32 is 

primarily a calculation tool for accurate photometric predictions. A technical tool, 

the AGI-32 can compute illuminance in any situation, assist in luminaire 

placement and aiming, and validate adherence to any number of lighting 

criterion.  

However, there is so much more 

that can be done to enhance the 

understanding of photometric 

results. Visualization is extremely 

important to comprehend changes 

in luminance for different materials 

and surface properties, and predict 

the effect of various luminaire 

designs in real world, light and 

surface interaction. 

 
 

 
AGi32 rendering with Overlay feature enabled 

  

Minolta T-10 SPECIFICATIONS 

Type: Digital illuminance meter with 
detachable head and cable 

Receptor: Silicon photocell 

Range: 0.1 – 200,900 Lux 
 0.001 – 29,990 Foot-candles 

Accuracy: +- 2% +-1 digital value 
displayed 

Purchase & 
Calibration: August 14, 2010 (1876-242) 
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INSTRUMENTATION PLAN – DATA LOGGING 
Kilowatt consumption over time (kWh) was monitored using Revolution Wireless 

Power Quality Recorders and a Power Vista Power Quality Analyzer. Logging for 

both the incumbent PSMH and the emerging technology LED lighting was 

performed using this equipment. Detail specifications are located in Appendix A. 

INSTRUMENTATION PLAN – SPHERE TESTING LUMINAIRES 

Luminaires used for the cold storage and open lot lighting analysis field test 

model were also tested in the SCE Lighting Technology Center’s 

Spectroradiometer sphere. Two different LED luminaires with integral 

occupancy senor control were sphere tested. One luminaire was a canopy 

style mount 5-bar unit, the other an area style pole and/or bracket mount 6-

bar unit. Manufacturers outline specifications of each luminaire type follows: 

 

 5 BAR CANOPY MOUNT LUMINAIRE-525 ma driver (used for freezer & 

refrigerated cases) 

o Rated  Watts: 172 

o Rated Lumens: 14,205 

o Rated  Chromaticity: 4,300K 

o Rated Color Rendering : 70 CRI 

o Rated Photometric Distribution: 40-degree Flood 

o Rated Life: 50,000 hrs. LM-85 

 

 6 BAR AREA POLE/BRACKET  LUMINAIRE-525/75 ma driver (used for 

open lots) cases 

o Rated  Watts: 204 

o Rated Lumens: 17,045 

o Rated  Chromaticity: 4,300K 

o Rated Color Rendering: 70 CRI 

o Rated Photometric Distribution: Type III Medium 

o Rated Life: 50,000 hrs. LM-85 

 

Results of SCEs LTTC sphere testing for these two luminaires is posted in the 

“Results” section of this report. Sphere results for the sample luminaires 

tested were compared against manufacturer’s claims. Sphere testing is used 

to confirm claimed luminaire and lamp performance as well as to identify 

potential anomalies or other deviation from filed performance testing. 
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RESULTS  
Results were obtained for illuminance and power usage of the incumbent PSMH versus the 

advanced technology LED lighting with motion sensor control. The data recordings as well as 

analysis of the recordings are presented in this section of the report. 

DATA ANALYSIS 

DATA ANALYSIS – ILLUMINANCE AND LPD FOR FREEZER COLD CASE STORAGE  

Illuminance levels for the LED technology were over six times higher and almost four 

times higher than the incumbent PSMH lighting. These significantly higher light levels 

were obtained with LED luminaires using only 38% of the energy (172W) versus 

(453W) of each PSMH incumbent luminaire. LPD for the incumbent PSMH system 

(0.98W/SF) is not compliant with current Title 24-2008 allowed LPD for refrigerated 

warehouses. The LED systems LPD (0.46W/SF) is almost 40% lower than that 

allowed under Title 24-2008 compliance. This significantly lower LPD should also 

meet the future Title 24 2013 compliance thresholds. 

 

TABLE 5. FREEZER MODULE COLD STORAGE WAREHOUSE 

 

GUIDELINES & TARGETS ILLUMINANCE 

(H) 
ILLUMINANCE 

(V) 
UNIFORMITY (H  POWER DENSITY 

IES Recommendations (10th 

HB) 

10fc – 30fc 15fc – 5fc 5:1 (avg: min) NA 

TITLE 24 Compliance (T24-08) NA NA NA 0.7W/ Sq. Ft 

Metal Halide Incumbent (Exist) 6.5fc 2.8fc 3:1 (avg: min) 0.98W/ Sq. Ft 

LED New Technology  (Test 
Mod) 

40.9fc 10.1fc 4:1 (avg: min) 0.46W/ Sq. Ft 

LED New Technology  (AGI-32 
Sim) 

23.4fc 40.9fc 2:1 (eV: min) 0.46W/ Sq. Ft 
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FIGURE 10. MAP COMPARISON OF LIGHT LEVELS IN FREEZER MODULE COLD STORAGE WAREHOUSE 

Illuminance levels (horizontal and vertical) were recorded for the stand-a-lone freezer case 

prior to installation of the LED test model, with existing PSMH lighting. Note: The incumbent 

system was not re-lamped nor cleaned prior to baseline illumination measurements. Initial light 

levels for a new or re-lamped/well-cleaned PSMH system are approximately 40% higher than 

those shown. 
Illuminance levels (horizontal and vertical) were also recorded for the stand-a-lone freezer 

case after installation of the LED test model lighting. Performance of the LED model is 

superior to that of the incumbent PSMH lighting. Initial light levels are shown. At IES, LM-

70 light (50K hours) levels are 30% lower than shown. 
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FIGURE 11. AGI-32 LED MODEL - HORIZONTAL LIGHT LEVELS IN FREEZER MODULE COLD STORAGE WAREHOUSE 
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AGI-32 COMPUTER MODEL OF FREEZER CASE – VERTICAL ILLUMINATION 

   
FIGURE 12. AGI-32 LED MODEL - VERTICAL LIGHT LEVELS IN FREEZER MODULE COLD STORAGE WAREHOUSE 

 

Figure 12 demonstrates a vertical illuminance model using AGI-32 modeling 

computer software. Illuminance readings shown are in Lux. Converted to 

footcandles, the average illuminance shown on the AGI-32 model at 6-feet 

vertical off the deck is 23.7fc. AGI-32 modeling projected twice the light levels 

versus field measurements of the actual test model at the same 6-foot vertical 

plane in the test model. This more than normal deviancy is being studied to 

resolve the discrepancy. What is suspected is; the installed luminaires have 

different photometry and are of a different LED generation than the ones used 

for the computer model. This hypothesis, however, must be verified.  

DATA ANALYSIS – ILLUMINANCE AND LPD FOR REFRIGERATED COLD CASE 

STORAGE  

Illuminance levels for the LED technology were almost five times higher and almost 

four times higher than the incumbent PSMH lighting. These significantly higher light 

levels were obtained with LED luminaires using only 38% of the energy (172W) 

versus (453W) of each PSMH incumbent luminaire. LPD for the incumbent PSMH 

system (1.18W/SF) is not compliant with current Title 24-2008 allowed LPD for 

refrigerated warehouses. The LED systems LPD (0.55W/SF) is about 25% lower than 

that allowed under Title 24-2008 compliance. This lower LPD, most likely, will meet the 

future Title 24-2013 compliance thresholds. 
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TABLE 6. REFRIGERATED MODULE COLD STORAGE WAREHOUSE 

 

GUIDELINES & TARGETS ILLUMINANCE (H) ILLUMINANCE (V) UNIFORMITY (H  POWER DENSITY 

IES Recommendations (10th HB) 10fc – 30fc 15fc – 5fc 5:1 (avg / min) NA 

TITLE 24 Compliance (T24-08) NA NA NA 0.7W/ Sq. Ft 

Metal Halide Incumbent (Exist) 7.5fc  2.9fc 2:1 (avg : min) 1.18W/ Sq. Ft 

LED New Technology  (Test 
Mod) 

36.3fc 10.6fc 3:1 (avg : min) 0.55W/ Sq. Ft 

LED New Technology  (AGI-32 
Sim) 

N/A* N/A* N/A* N/A* 

N/A*: AGI-32 modeling not produced for the cold storage design 

 

   
 

FIGURE 13. MAP - LIGHT LEVELS OF PSMH IN COMBINATION  MODULE COLD STORAGE WAREHOUSE 

 

Illuminance levels (horizontal and vertical) were recorded for the refrigerated case prior 

to installation of the LED test model, with existing PSMH lighting. Illumination with the 

incumbent PSMH lighting was not measured.  
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FIGURE 15. INCUMBENT PSMH LIGHTING FIGURE 16. EMERGING TECHNOLOGY LED LIGHTING 

 

Visual comparison of the incumbent PSMH versus the LED test model lighting shows the 

dynamic improvement in color rendering as well as vertical illumination produced by the LED 

lighting versus the PSMH lighting. 

FIGURE 14. MAP - LIGHT LEVELS OF LED IN COMBINATION MODULE COLD STORAGE WAREHOUSE 
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FIGURE 17. INCUMBENT PSMH LIGHTING FIGURE 18.  EMERGING TECHNOLOGY LED LIGHTING 

The LED luminaires used in the test model lighting also exhibited less surface luminance, 

resulting in less glare, versus the incumbent PSMH luminaires. 

DATA ANALYSIS – ILLUMINANCE AND LPD FOR EXTERIOR OPEN LOTS  

Illuminance levels with LED lighting within the open lots were well above IES 

recommended practice as outlined in the IES Handbook, 10th Edition. Uniformity was 

also well above the minimums outlined by the IES. The LED system’s LPD 

(0.040W/SF) is more than 50% lower than that allowed by Title 24-2008. This new 

system will also fall well within the more stringent LPD for parking lots proposed for 

compliance under the future Title 24-2013 California Energy Code.  

  



 Occupancy Sensor Coupled LED Lighting for Cold Cases & Exterior Lots    ET11SCE1220/21 

Southern California Edison Page 21 

Design & Engineering Services February 2012 

TABLE 7. TEST SITES OPEN PARKING LOTS (AVG. OF THREE AREAS) 

 

GUIDELINES & TARGETS ILLUMINANCE (H) ILLUMINANCE (V) UNIFORMITY (H)  POWER DENSITY 

IES (10th HB) Standard Security 0.2fc Min. 0.1fcMin. 20:1 (max : min) NA 

IES (10th HB) High Security 0.5fc Min. 0.25fc Min. 15:1 (max : min) NA 

TITLE 24 Compliance (T24-08) NA NA NA 0.12W/ Sq. Ft.* 

Incumbent PSMH Base Model N/A N/A N/A 0.093W/ Sq. Ft. 

Test Model LED with Sensors 0.97fc 0.61fc 11:1 (max. : min.) 0.040W/ Sq. Ft. 

LED New Technology  (AGI-32 
Sim) 

0.33fc ** 0.33fc ** 10:1 (max. : min.) 0.040W/ Sq. Ft. 

* LZ-3: 0.092W X Sq. Ft + 0.92W X Lin. Ft. + 770W = Total Allowed LPD of 11,098W 

**AGI: AGI-32 modeling represents truck parking and staging area only while test model data is average of field 

            measured illumination for all the open lot model areas.  

 

 

FIGURE 19. MEASURED LIGHT LEVELS OF LED MODEL AT PARKING LOTS PLUS – TRUCK QUEUE & LOADING DOCKS 
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FIGURE 20. MEASURED LIGHT LEVELS OF LED MODEL AT PARKING LOTS PLUS – TRUCK QUEUE & LOADING DOCKS 
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FIGURE 21. LED LUMINAIRE DURING THE DAY 

 

FIGURE 22. LED LUMINAIRE AT NIGHT 

 

FIGURE 21 represents a daytime image of 

one of the LED test luminaires mounted 

level to face of building. The new LED filled 

the same power point locations as the old 

PSMH.  

FIGURE 22 represents a nighttime image of 

several LED luminaires mounted to the 

building. These luminaires are lighting the 

north parking lot.  

 

FIGURE 23. LED lighting at rear lot (truck staging and dock area) 
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FIGURE 23 is a nighttime image of the rear parking lot (truck staging, loading unloading 

area) showing LED luminaires mounted on poles. Additional luminaires (not shown here) 

mounted to the building are also used to illuminate this lot/staging area. Color quality of 

the LED lighting contributes to enhanced visual acuity. Note: yellow-orange color lighting 

is HPS mounted to adjacent building on adjoining site, not part of this project. 
 

DATA ANALYSIS – POWER CONSUMPTION; FREEZER & REFRIGERATED COLD 

CASE STORAGE  

Replacing the incumbent PSMH with LED in the small freezer resulted in a 62% 

energy reduction versus the incumbent PSMH. Coupling the occupancy sensor to the 

LED system resulted in an additional 17% savings for a total 79% savings in the 

small freezer. Energy savings for the combination refrigerator/freezer combo case 

was close to 70% (reduced wattage of LED luminaires as well as occupancy sensor 

coupling). The 9% lower savings is attributed to an added load of two additional LED 

luminaries in the combo case to resolve a design/safety deficiency in the base PSMH 

incumbent lighting model. 
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TABLE 8.  TEST SITES FREEZER & REFRIGERATED COLD CASE ENERGY STUDIES 
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Average daily energy consumption of the cold case lighting PSMH versus LED as well as 

impact of compressor energy loads before and after LED lighting are depicted in the 

graphs below. The comparison before (PSMH lights – blue graph) versus the after (LED 

lighting – red graph) tracks the combined weighted 72.1% energy savings. An additional 

energy reduction is shown for reduced energy load on the compressors because of the 

lower lighting load. This reduction is tracked at 10% to 15% energy savings because of 

the lower wattage (less heat) and luminaire off mode when the cold cases are not 

occupied, which is a byproduct benefit of the LED cold case lighting system. 
 

 

  

FIGURE 24.  AVG. DAILY KWH USAGE CASE LIGHTS AND COMPRESSOR LOAD - INCUMBENT PSMH VERSUS EMERGING LED 

LIGHTING WITHIN THE FREEZER AND REFRIGERATED COLD CASES 

 
 
 

Note: Cold case compressor energy use is dependent on the number of picks and drops 

(i.e., case entries and portal open times), the characteristics of the loads in those picks and 

drops (i.e., delivered temperature of the load, its mass…), and exterior (to the main 

building) ambient temperatures (EAT). Operations were steady as to all of the mentioned 

factors. To verify the weather effect, local weather data was gathered and found to be 

consistent, on the average, before and after the LED installation. This is depicted in Table 9. 

Exterior Ambient Before & After LED Installation.  
 
 
 
 
 
 

0

200

400

600

800

1000

1200

1400

1600

1800

Sunday Monday Tuesday Wednesday Thursday Friday Saturday

En
e

rg
y 

C
o

n
su

m
p

ti
o

n
 [

kW
h

]

Average Daily Energy Consumption

Case Lights Before

Case Lights After

Compressor Before

Compressor After



 Occupancy Sensor Coupled LED Lighting for Cold Cases & Exterior Lots    ET11SCE1220/21 

Southern California Edison Page 27 

Design & Engineering Services February 2012 

TABLE 9. EXTERIOR AMBIENT BEFORE & AFTER LED INSTALLATION 

 

 

DATA ANALYSIS – POWER CONSUMPTION; EXTERIOR OPEN LOTS  

LED luminaires used only 45% of the energy (204W) versus (452W) of each PSMH 

incumbent luminaire resulting in a 55% base energy reduction over the PSMH incumbent 

lighting. The sensor-coupled occupancy sensors added an additional savings of 17.3% by 

dimming the LED lighting when occupants were not in the lot. LPD for the incumbent 

PSMH system (0.098W/SF) is not compliant with current Title 24-2008 allowed LPD for 

exterior lots. The LED systems LPD (0.046W/SF) is almost 40% lower than that allowed 

under Title 24-2008 compliance. This significantly lower LPD should also meet the future 

Title 24-2013 compliance thresholds. 
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TABLE 10. TEST SITE OUTDOOR EXTERIOR PARKING LOT ENERGY STUDIES 
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Tracking the energy use of the incumbent PSMH exterior parking lot lighting versus the installed 

LED with occupancy sensors test model lighting shows that the LED systems performance 

resulted in a 60% to 80% load reduction. This comparison is depicted in the power consumption 

graphed Figure 25. The 60% energy reduction is primarily from the reduced load of the LED 

lighting while the 80% reduction represents the energy savings gained when the occupancy 

sensors coupled to the LED system have lowered luminaire output to the “vacant” position. 

 

 
FIGURE 25.  KWH USAGE DUSK TO DAWN TRACKED FROM SUNDAY EVENING TO TUESDAY MORNING INCREMENTS FOR   BOTH 

INCUMBENT PSMH AND EMERGING LED LIGHTING WITHIN THE EXTERIOR OPEN LOTS 

 

 

 

  Summary of Energy Savings and Demand Reduction per Luminaire 

 

Annual 
Baseline 

Metal 
Halide 
Energy 

Use 
(kWh / 

YR) 

New 
LED 

System 
Energy 

Use 
(kWh / 

YR) 

Total 
Energy 
Savings 

(kWh/YR) 

Peak 
Baseline 
Demand 

(kW) 

Peak 
New 

Demand 
(kW) 

Fixed 
Demand 
Reduction 

(kW) 

LED 
Dims 

to 
(kW) 

Estimated  
Annual 

Average 
Demand 

(kW) 

Cold 
Cases 1528 426 1102 0.452 0.167 0.285 0 0.126 

                 

Exterior  1528 423 1105 0.452 0.193 0.259 0.036 0.125 
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DATA ANALYSIS – SCE LTTC SPHERE TESTING; LED LUMINAIRES FOR TEST 

MODEL 
Results of SCE LTTC sphere testing for these two luminaires are posted on the pages 

that follow. Results for canopy luminaires, used for the freezer and refrigerated case 

cold storage models, are shown at full-output only (after 6 minutes of vacancy) as 

these luminaires are controlled (using the occupancy sensors) as an off/on mode 

only, no dimming. The area luminaires for the open lot model has results shown for 

both high (100% output) when occupants are present and low (dimmed output) 

when the areas are not occupied. The occupancy sensor in this arrangement dims 

the system after 6 minutes of vacancy to low, as opposed to shutting it off. 

 

TABLE 11. RESULTS OF SPHERE TESTING  

5-BAR CANOPY MOUNT LUMINAIRE-525 ma driver (Freezer & Refrigerated Cases) 

Luminaire  Manufacturers Claim LTTC Sphere Results 

  Watts:  172 167 

  Lumens 100% Output:  14,205 13,390 

  Chromaticity:  4,300K 4,379K 

  Color Rendering:  70 CRI 75.4 CRI 

  Photometric Distribution:  40-degree Flood Not Tested 

  Rated Life:  50,000 hrs. LM-85 Not Tested 

 

TABLE 12. RESULTS OF SPHERE TESTING  

6-BAR AREA LIGHT LUMINAIRE-525 ma driver (Exterior Open Lots) 

Luminaire  Manufacturers Claim LTTC Sphere Results 

  Watts:  204 193 

  Lumens 100% Output:  17,045 14,610 

  Chromaticity:  4,300K 4,235K 

  Color Rendering :  70 CRI 74.6 CRI 

  Photometric Distribution:  Type III Medium Not Tested 

  Rated Life:  50,000 hrs. LM-85 Not Tested 
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Results of sphere testing for the canopy fixture (cold storage luminaires) were within 

2% to 3% of manufacturer’s claims for watts, lumens, and chromaticity. Color 

rendering (CRI) tested 8% above the manufacturers claim. Photometric distribution 

and rated life was not sphere tested. Sphere testing of the area light fixture (exterior 

open lots) was also within 2% to 3% of manufacturer’s claims for watts and 

chromaticity. However, lumen output was 14% lower than manufacturers rated 

lumen output. CRI tested 7% above the manufacturer’s claim. 

 

  



 Occupancy Sensor Coupled LED Lighting for Cold Cases & Exterior Lots    ET11SCE1220/21 

Southern California Edison Page 32 

Design & Engineering Services February 2012 

EVALUATIONS  
Data gained from illuminance readings as well as data logging of energy consumption and 

occupancy tracking supported the potential energy efficiency and expanded controls 

potential offered by this technology marriage. LED luminaires coupled with motion sensor 

equipment performed within range of manufacturer’s performance claims. There were no 

barriers encountered in achieving the goals targeted for this technology assessment. 

 Results of testing demonstrate that LED lighting applications with occupancy/motion 

sensor control is significantly better than the incumbent PSMH, non-controlled, 

technology. The LED system offers significant potential energy savings over the 

incumbent MH technology.  

 From our data logging records the load reduction (energy savings for freezer and 

refrigerated cold storage) resulted in 60% less energy consumption using LED 

lighting versus incumbent PSMH. Additionally, another 19% savings is captured with 

use of the occupancy sensors for a 79% reduction over the incumbent PSMH 

technology. With respect to open lots, data logging records would suggest that load 

reduction (energy savings for parking lot lighting) results in 55% less energy 

consumption with use of LED lighting versus incumbent PSMH, and another 17% 

additional savings from the marriage of occupancy sensors technology with the LED 

system for 72% less than the incumbent PSMH lighting..  

 In addition to energy savings, the LED has a much longer lamp life (over 50,000 hours 

versus only 15,000 hours for the horizontal burn position incumbent PSMH). Lumen 

maintenance of the LED is also improved versus the incumbent PSMH. 

 First cost and limited exposure to the new technology, especially the marriage of 

occupancy sensor technology with LED technology are the main market barriers that 

restrain acceptance and adoption of the technology. 

 Lifecycle costing (LCC) was very positive with the Sensor Coupled LED lighting 

proving highly cost effective. Simple payback targets for these LED systems on the 

project calculated to 3-1/2 years for the cold storage model and just over 3 years for 

the exterior open lot model.  

 

A review of the LCC for both the cold storage model and the exterior open lot model are 

shown in Appendix A. Also provided in Appendix A is a static copy of the LCC engine used 

for our cost analysis. There are also links provided (Figure 31 to an active (dynamic LCC 

engine) that can be used to calculate other design scenarios as well as a link to the excel 

worksheet (Full active version) of the LCC calculations and analysis.  
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RECOMMENDATIONS  
Lessons learned from prior assessments, such as the juvenile centers covered lot parking, 

coupled with the stellar results produced by this project test site validates the effectiveness 

and reliability of Occupancy Sensor Coupled LED lighting.  

Results from this application of dimmable LED to cold case and exterior lighting were 

extremely positive. Based on these findings immediate introduction of these packaged 

technologies into incentive candidacy is warranted. 

Two control issues demonstrating major improvement should be noted: 

1. The time to tune and commission the integral motion sensor controls (IMSC) in each 

luminaire improved from about 1 labor hour at the juvenile center to about 5 labor 

minutes at the current test site, and 

2. The ability to accurately, precisely, and permanently adjust and set the time-to-off- 

after-vacancy feature of the IMSC improved dramatically from imprecise potentiometers 

(which never could be set identically to the others) at the juvenile center, to robust 

twist and click gear easily set in the staging shop, or field, for the current test site.   

 Based on earlier findings from the juveniles center testing as well as the results 

documented at this this test site’s cold storage and exterior open lot project, LED 

luminaires with motion sensor occupancy controls warrants adoption into the Energy 

Efficiency program.  

 It is believed the current compliance tool can simulate this at least by superposition 

of controls with luminaire, if necessary. 
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APPENDIX A – SPECIFICATION SHEETS 
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FIGURE 26. LED CANOPY LIGHT USED FOR ILLUMINATION IN BOTH FREEZER AND REFRIGERATED COLD STORAGE (PAGE 1) 
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FIGURE 26B.  LED CANOPY LIGHT USED FOR ILLUMINATION IN BOTH FREEZER AND REFRIGERATED COLD STORAGE (PAGE 2) 
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FIGURE 27. LED AREA LIGHT USED FOR ILLUMINATION IN EXTERIOR OPEN LOTS (PAGE 1) 
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 Occupancy Sensor Coupled LED Lighting for Cold Cases & Exterior Lots    ET11SCE1220/21 

Southern California Edison Page 40 

Design & Engineering Services February 2012 

FIGURE 27LED AREA LIGHT USED FOR ILLUMINATION IN EXTERIOR OPEN LOTS (PAGE 2) 

 

 

 

FIGURE 28.  REVOLUTION WIRELESS RECORDER (PAGE 1 OF 2) 
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FIGURE 14B REVOLUTION WIRLWSS RECORDER (PAGE 2 OF 2) 
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FIGURE 29. POWER VISA – POWER QUALITY ANALYZER (PAGE 1 OF 2) 
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FIGURE 29. POWER VISA – POWER QUALITY ANALYZER (PAGE 2 OF 2) 

 

 
        

 

FIGURE 30. LCC TABLE FOR COLD CASE AND EXTERIOR PARKING LOTS 
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LCC Engine.xlsx

 

LCC engine can be accessed 
by clicking on the excel icon to 
the left - Use LCC engine to 
calculate life cycle of your own 
design options  

 

The complete LLC analysis for 
sensor coupled LED lighting can 
be accessed by clicking on 
excel icon to the left 

 

FIGURE 31. LCC ENGINE FOR LCC CALCULATIONS  & LINKS TO EXCEL SPREADSHEET  
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