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EXECUTIVE SUMMARY 
Occupancy-based adaptive lighting is an evolving strategy that improves energy efficiency in both indoor 

and outdoor applications.  This strategy is implemented through bi-level lighting control using dimmable 

or dual light sources and motion sensing technologies that reduce light levels during vacancy periods 

and provide full light output only during occupancy periods, substantially reducing energy consumption. 

For outdoor lighting this energy-savings strategy is most effective in spaces with intermittent occupancy 

patterns during evening and nighttime, and minimum light requirements for safety or other reasons, 

such as  parking lots and garages, building perimeter and local auxiliary areas such as courtyards, and 

pedestrian pathways. 

As occupancy-based adaptive outdoor lighting is demonstrating promise for significant energy savings, 

utility companies are interested in supporting extensive implementation through rebate and incentive 

programs.  As rebates and incentives are based on potential energy savings, utility partners initiated a 

research project focusing on quantifying occupancy patterns in different space types and locations to 

better understand energy savings potential. 

The project includes three phases: 

Phase 1: Develop initial methodological approach for determining outdoor occupancy profiles ς 

Completed in December 2011 

Phase 2: Evaluate and finalize methodological approach through implementation in a small 

number of selected spaces ς 

In final stages; this document is the final report. 

Phase 3: Implement final methodological approach in a large number of outdoor spaces to 

generate required information for utility incentive and rebate programs ς 

To be discussed after completion of Phase 2.   

This document is the final report of Phase 2, focusing on implementation of the methodological 

approach in a small number of selected outdoor spaces, to determine its effectiveness and promise for 

successful continuation into Phase 3.  The key objectives of Phase 2 were: 

¶ Selection of appropriate cross section of space types and locations 

¶ Installation of motion sensing and data collection technologies 

¶ Data collection, processing, and analysis 

¶ Development of occupancy profiles  
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Site selection involved all collaborating utilities and resulted in the selection of the following eight sites: 

Bonneville Power Administration 

¶ Large Office Building, A 

¶ Building Supply Franchise 

¶ Fast Food Restaurant 

¶ K-12 School 

 
Pacific Gas and Electric 

¶ Office Campus 

¶ Big Box Store 
 

Southern California Edison 

¶ Office Building, B 

¶ Outdoor Shopping Center 
 

Motion detection and data acquisition technologies were installed in selected areas with pedestrian and 

vehicular traffic at each site.  Data processing involved the development of strategies for identification 

of abnormal data streams from hardware malfunctions and environmental interference.  Data reduction 

and analyses were used to produce occupancy profiles.  

The occupancy profiles represent individual site occupancy patterns and can be used to estimate 

potential energy savings achievable through bi-level lighting controls.  The data analyses show that 

energy savings depend significantly on implementation of control technologies, especially the non-

motion time period (a.k.a. time delay) used to determine vacancy. 

While the collected data can be used to simulate different time delays, it is limited in providing accurate 

energy savings predictions due to the small host site sample set.  It is recommended that Phase 3 extend 

the method to validate the accuracy for potential energy savings predictions, requiring the installation of 

occupancy-based adaptive lighting systems side-by-side with the data acquisition system outlined in this 

report. This will support the evaluation of monitored energy use of the occupancy-based adaptive 

lighting system as compared to the estimated energy savings calculated using the occupancy profiles. 

Based on the implementation of the Phase 1 methodology and the data processing performed on the 

collected occupancy logs, it is recommended that Phase 3 of this study focus on validation of the 

method as an accurate manner to predict energy savings. It is recommended that occupancy profiles 

collected based on the technical approach described in Phase 2 be compared to energy logs of 

occupancy-based adaptive lighting systems installed and logged at similar sites for the same time frame.   

The occupancy-based adaptive lighting systems should be deployed at multiple test sites within each 

identified market sub-sector, sufficient to constitute a statistically relevant sample set. These 

installations can take place at any site meeting the definition of a market sector that is of interest to 

evaluate the use of occupancy-based adaptive exterior lighting systems based on Phase 1 work. Sites 
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that have historic occupancy profiles, such as the host sites used in Phase 2, should be prioritized to 

allow for the comparison of seasonal data at these locations to determine if 90 days is sufficient time to 

ǇǊƻŘǳŎŜ ŀƴ ŀŎŎǳǊŀǘŜ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ ǎƛǘŜΩǎ ŀƴƴǳŀƭ ƻŎŎǳǇŀƴŎȅ ǇǊƻŦƛƭŜΦ  

It is recommended that installations of the occupancy-based adaptive lighting systems use varying 

motion sensing technologies, dimmable lighting sources and communication network architectures.  

Installations of occupancy-based adaptive lighting systems equipped with varying sensing technologies 

will allow for the study of the effect of using various different sensor technologies appropriate for 

outdoor applications. It is recommended that installations of the occupancy-based adaptive lighting 

systems incorporate the use of varying control strategies.  Control strategies, such as fixture-level and 

zonal control, are key areas where research is needed to conclusively determine if they have a 

pronounced effect on energy savings.   
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INTRODUCTION 
Occupancy-based adaptive lighting refers to lighting systems that adjust their light output based on 

changes in the spaces they serve, such as occupancy, daylight, etc.  While it is a relatively new strategy, 

it shows significant promise for increased energy savings in indoor and outdoor applications.  Many 

occupancy-based adaptive lighting products are being developed and have been introduced into the 

marketplace, allowing dynamic lighting operation that offers substantial energy savings over non-

adaptive systems.  

Occupancy-based adaptive lighting shows promise for significant savings in outdoor applications and 

utilities are considering implementation technologies for inclusion in their rebate and incentive 

programs.  As the energy savings potential depends on occupancy profiles, utilities need to develop a 

better understanding of occupancy profiles for different outdoor space types and locations. 

Occupancy-based adaptive lighting is an evolving strategy that improves energy efficiency in both indoor 

and outdoor applications.  This strategy is implemented through occupancy-based adaptive lighting 

systems using dimmable or dual light sources and motion sensing technologies that reduce light levels 

during vacancy periods and provide full light output only during occupancy periods, substantially 

reducing energy consumption. 

For outdoor lighting this energy-savings strategy is most effective in spaces with intermittent occupancy 

patterns during evening and nighttime, and minimum light requirements for safety or other reasons, 

such as  parking lots and garages, building perimeter and local auxiliary areas such as courtyards, and 

pedestrian pathways. 

As occupancy-based adaptive outdoor lighting is demonstrating promise for significant energy savings, 

utility companies are interested in supporting extensive implementation through rebate and incentive 

programs.  As rebates and incentives are based on potential energy savings, Pacific Gas and Electric 

(PG&E) and Southern California Edison (SCE) initiated a research project focusing on quantifying 

occupancy patterns in different space types and locations to better understand energy savings potential. 

The project includes three phases: 

Phase 1: Develop initial methodological approach for determining outdoor occupancy profiles -  

- Completed in December 2011 

Phase 2: Evaluate and finalize methodological approach through implementation in a small 

number of selected spaces ς 

- In final stages; this document is the final report. 

Phase 3: Implement final methodological approach in a large number of outdoor spaces to 

generate required information for utility incentive and rebate programs ς 

- To be discussed after completion of Phase 2.   
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This document is the final report of Phase 2, focusing on implementation of the methodological 

approach in a small number of selected outdoor spaces, to determine its effectiveness and promise for 

successful continuation into Phase 3.  The key objectives of Phase 2 were: 

¶ Selection of appropriate cross section of space types and locations 

¶ Installation of motion sensing and data collection technologies 

¶ Data collection, management, reduction and analysis 

¶ Development of occupancy profiles suitable for utility programs 
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BACKGROUND: PHASE 1 SUMMARY 
The simplified method to measure exterior site occupancy rates established in this study is a new 

concept developed to help utilities calculate expected energy savings from occupancy-based adaptive 

exterior lighting projects. The concept was derived from an initial market assessment performed by the 

California Lighting Technology Center (CLTC) in Phase 1 of this project. This market assessment was 

performed on behalf of Bonneville Power Administration, Pacific Gas and Electric Company and 

Southern California Edison. It focused on identifying savings opportunities in lighting applications that 

were identified following the market sector prioritization methodology. 

MARKET SECTOR PRIORITIZATION METHODOLOGY 
To determine where occupancy-based adaptive control strategies have the greatest potential impact on 

energy savings in the exterior environment, the three factors considered were: 

1. Market sector size 
2. Hours of business operation 
3. Vehicle or pedestrian traffic 

 

Applications with the greatest potential to realize energy savings are characterized by a large market 

sector size, limited evening hours of operation, and low vehicle or pedestrian traffic during nighttime 

hours. Installing occupancy-based adaptive lighting systems in applications with low occupancy rates 

results in greater energy savings than in environments with higher occupancy rates. 

MARKET SECTOR SIZE ASSESSMENT 
The market sectors considered in the assessment are the residential, commercial and industrial building 

sectors, and the outdoor sector. !ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƴŜǊƎȅΩǎ 2010 U.S. Lighting Market 

Characterization report, the commercial sector makes up half of national lighting energy use in the 

United States. The industrial and outdoor sectors each constitute approximately two percent of the total 

national installed stock of lamps, but the industrial sector accounts for eight percent of total lighting 

energy use and the outdoor sector constitutes 17 percent of U.S. lighting energy use (see figure 1). This 

is due to the common use of high-intensity discharge (HID) lamps and the longer operating hours typical 

of the industrial and outdoor market sectors. 

Figure 1 displays the breakdown of the lamp inventory estimates, total lighting electricity consumption, 

and the lumens produced by sector. Note that the listed values for the commercial and industrial sectors 

in this dataset include only interior lighting; outdoor lighting is represented as a separate market sector. 
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FIGURE 1: U.S. LIGHTING LAMP INVENT ORY, ELECTRICITY CONSUMPTION AND LUMEN PRODUCTION
1
 

 

FIGURE 2: U.S. LIGHTING ELECTRICITY CONSUMPTION BY SECTOR AND LAMP TYPE
2
 

  

                                                           
1 Figure 5-2. Building Technologies Program. 2010 U.S. Lighting Market Characterization. U.S. Department of Energy, January 2012. PDF file. 

http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/2010-lmc-final-jan-2012.pdf 
2 Figure 5-3. Building Technologies Program. 2010 U.S. Lighting Market Characterization. U.S. Department of Energy, January 2012. PDF file. 

http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/2010-lmc-final-jan-2012.pdf 

http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/2010-lmc-final-jan-2012.pdf
http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/2010-lmc-final-jan-2012.pdf
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PARKING AREAS 

A large sector of exterior commercial lighting illuminates parking lots and above-ground parking garages. 

There is currently no national or statewide inventory of all parking facility lighting, as confirmed by the 

International Parking Institute.3 Nor is there a commonly accepted number of total U.S. parking spaces; 

estimates can range from 100 million to 2 billion. Still, data from Department of Energy (DOE) sources 

and information provided by the Commercial Building Energy Alliance (CBEA) and a University of 

California study indicate an estimated total of 420 million parking spaces are in U.S. commercial parking 

lots and garages.4  

A 2011 DOE report estimated there were 395 million parking lot spaces in the U.S. This includes non-

commercial spaces.  Estimates received from the Commercial Building Energy Alliance indicate that 20% 

of the 395 million spaces can be assumed to be non-commercial parking spaces. Parking garage spaces 

are not included in the DOE report. The total number of parking garage spaces in the U.S. was estimated 

based on the CBEA and the University of California studies. Table 1 summarizes the estimated number of 

parking spaces in U.S. commercial parking lots and parking garages, as well as the number of installed 

lamps (based on the estimated number of parking spaces) and calculated annual energy consumption, in 

terawatt hours (TWh) for these applications. 

TABLE 1: PARKING AREAS ï INSTALLATIONS AND EN ERGY CONSUMPTION 

PARKING AREA TYPE ESTIMATED NUMBER 

OF PARKING SPACES 

QUANTITY OF 

LAMPS 

ANNUAL ENERGY 

CONSUMPTION 

Commercial Parking Lots 316,000,000 15,800,000 68 TWh 

Parking Garages 104,000,000 34,700,000 28 TWh 

 

The total number of lighting installations in parking garages and lots across the U.S. can be estimated 

based on the estimated total number of parking spaces. Typical design guidelines specify one lamp per 

every three garage spaces and one per every twenty parking lot spaces. Applying these guidelines, 

commercial parking areas are estimated to contain approximately 51 million luminaires, a majority of 

which use HID sources. 

Nationally, outdoor lighting represents 17% (about 118 TWh of electricity) of all energy used by lighting 

tasks.5 According to the CBEA, parking area lighting consumes approximately 68 TWh annually, or 

approximately 58% of all energy consumed for outdoor lighting. Parking garage lighting is not included 

in this value, as parking garages are considered unconditioned, interior spaces. When parking garage 

lighting is included, total annual lighting consumption for parking lighting is estimated at 96 TWh. 

                                                           
3 Page 18. Building Technologies Program. 2010 U.S. Lighting Market Characterization. U.S. Department of Energy, January 2012. PDF file. 

http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/2010-lmc-final-jan-2012.pdf 
4 Page 18. Building Technologies Program. 2010 U.S. Lighting Market Characterization. U.S. Department of Energy, January 2012. PDF file. 

http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/2010-lmc-final-jan-2012.pdf 
5 Table ES.1. Building Technologies Program. 2010 U.S. Lighting Market Characterization. U.S. Department of Energy, January 2012. PDF file. 

http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/2010-lmc-final-jan-2012.pdf 

http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/2010-lmc-final-jan-2012.pdf
http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/2010-lmc-final-jan-2012.pdf
http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/2010-lmc-final-jan-2012.pdf
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Commercial retail establishments outnumber commercial non-retail establishments by more than two 

to one. Public schools and healthcare facilities are even smaller in number. The market size metrics 

outlined in table 2 are critical when considering the potential impact of market-specific energy savings. 

These metrics do not address the number of parking lots associated with each type of space, nor do they 

account for shared parking lots or public street parking. Yet, based on the number of establishments 

alone, the potential impact of a whole-market move to occupancy-based adaptive exterior lighting 

appears to be significantly larger for retail and office spaces than for other market segments considered 

below.  

TABLE  2: MARKET SIZE FOR SELEC T MARKET SEGMENTS  

HOURS OF BUSINESS OPERATION 
 

The hours of business operation affect pedestrian and vehicle traffic volumes at a facility. Longer hours 

of operation generally entail higher volumes of evening traffic. This decreases energy savings, as 

occupancy-based adaptive luminaires operate in high mode for longer periods of time in areas with 

higher occupancy rates spread over longer hours of operation. That said, facilities with longer hours of 

overall lighting operation also have more opportunity to realize energy savings with occupancy-based 

adaptive lighting controls. Error! Reference source not found. lists typical operating hours per day for 

each lamp type in the building exterior and parking sub-sectors of commercial and industrial spaces. This 

data represents average daily operating hours throughout the year and accounts for differences 

between high-use and low-use days. The data is based on geographically and seasonally adjusted 

metering statistics collected in Southern California. 

  

                                                           
6 EC0744SLLS1, Retail Trade: Subject Series ς Product Lines: Product Lines Statistics by Kind of Business for the United States and States: 2007. 

American FactFinder. U.S. Census Bureau, 2007 Economic Census. 
7  άнллт /ƻǳƴǘȅ .ǳǎƛƴŜǎǎ tŀǘǘŜǊƴǎ όb!L/{ύΦέ ¦ƴƛǘŜŘ {ǘŀǘŜǎ /Ŝƴsus Bureau. U.S. Department of Commerce, n.d.. Web. 27 March 2014. 

http://www.census.gov/econ/cbp/ 
8 άCƛƴƎŜǊǘƛǇ CŀŎǘǎ ƻƴ 9ŘǳŎŀǘƛƻƴ ƛƴ /ŀƭƛŦƻǊƴƛŀΦέ /ŀƭ9ŘCŀŎǘǎΦ /ŀƭƛŦƻǊƴƛŀ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ŘǳŎŀǘƛƻƴΣ aŀȅ нлмоΦ ²Ŝō. 25 March 2014. 

http://www.cde.ca.gov/ds/sd/cb/ceffingertipfacts.asp 
9 άCŀŎƛƭƛǘȅ [ƛǎǘƛƴƎǎΦέ IŜŀƭǘƘŎŀǊŜ LƴŦƻǊƳŀǘƛƻƴ 5ƛǾƛǎƛƻƴΦ {ǘŀǘŜ ƻŦ /ŀƭƛŦƻǊƴƛŀ hŦŦƛŎŜ ƻŦ {ǘŀǘŜǿƛŘŜ IŜŀƭǘƘ tƭŀƴƴƛƴƎ ϧ 5ŜǾelopment, January 2014. 

Web. 27 March 2014. http://www.oshpd.ca.gov/hid/Products/Listings.html 

ESTABLISHMENT TYPE NUMBER OF 

ESTABLISHMENTS 

CA retail establishments6: 607,893 

CA  non-retail commercial establishments7: 284,104 

CA public schools (Kς12)8: 10,296 

CA health care facilities9: 5,685 

http://www.census.gov/econ/cbp/
http://www.cde.ca.gov/ds/sd/cb/ceffingertipfacts.asp
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TABLE 3: AVERAGE DAILY LIGHTIN G OPERATING HOURS PER LAMP BY SUBSECTOR
10

 

 INCAN-

DESCENT 

HALOGEN CFL LINEAR 

FLUORESCENT 

MV MH HPS LPS LED OTHER AVERAGE 

Building 
Exterior 

8.4 8.2 9.0 8.7 8.9 8.8 8.9 9.1 8.9 8.9 8.8 

Parking 15.9 17.9 N/A 18.0 13.5 15.0 16.0 N/A 16.3 13.1 15.7 

Average 12.2 13.1 9.0 13.4 11.2 11.9 12.5 9.1 12.6 11.0 12.2 

 

As table 3 indicates, exterior luminaires for buildings and parking areas operate, on average, about 12.2 

hours per day, or about 85 hours per week. This value encompasses data on both commercial and 

industrial spaces. Comparing this value of 85 hours to averages based on commercial building type 

(listed in table 4), we can establish which building types typically have below-average levels of 

occupancy. Educational buildings (Kς12 schools), offices, warehouses (industrial) and mercantile (retail) 

spaces all have below-average levels of effective lighting hours per week. 

TABLE 4: WEEKLY HOURS OF OPERA TION BY COMMERCIAL M ARKET SECTOR
11

 

BUILDING TYPE OPERATING 

HOURS PER WEEK 

( AVERAGE)  

EFFECTIVE 

LIGHTING HOURS 

PER WEEK 

% OF WEEK 

Education 52 61 36% 

Office 55 69 41% 

Warehouse 66 74 44% 

Mercantile 67 78 46% 

Other 88 98 58% 

Food Service 92 99 59% 

Food Sales 104 118 70% 

Public Order & Safety 127 135 80% 

Health Care 153 153 91% 

Lodging 161 162 96% 

 

                                                           
10 Table 4.29. Building Technologies Program. 2010 U.S. Lighting Market Characterization. U.S. Department of Energy, January 2012. PDF file. 

http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/2010-lmc-final-jan-2012.pdf 
11 Figure 3. Lighting in Commercial Buildings. Energy Information Administration, Office of Energy Markets and End Use. U.S. Department of 

Energy, March 1992. PDF file. http://medtclighting.com/wp-content/uploads/2010/06/energy_consuption_relamping.pdf 

http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/2010-lmc-final-jan-2012.pdf
http://medtclighting.com/wp-content/uploads/2010/06/energy_consuption_relamping.pdf
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VEHICLE AND PEDESTRIAN OCCUPANCY 
Market sectors with lower occupancy rates during nighttime hours stand to save the most energy by 

implementing occupancy-sensitive controls in their exterior lighting systems. Reliable data on the effects 

of pedestrian traffic in parking spaces is limited for most exterior space types. The results of this study 

will increase the available data on pedestrian traffic patterns in commercial spaces. 

 

MARKET SUB-SECTOR PRIORITIZATION METHODOLOGY 
Market information was collected to determine the number of commercial establishments in 

California,12 the number of schools in California,13 their energy usage by Functional Use Area (FUA),14 the 

energy demand by FUA,15 and the average lighting power density (LPD) by building type and FUA.16 The 

square footage of the functional use areas for the various building types came from estimations using 

Google Maps. Power (kW) was then calculated using estimated square footage and lighting power 

density (LPD). 

The hourly demand profile17 provided the percent of peak demand for each FUA. The demand per hour 

was calculated for FUA assuming that the percent of peak demand is the same for each FUA. Energy use 

was calculated for each FUA using the assumed demand per hour data and compared with actual energy 

use data in order to determine the validity of this approach and create correction factors for each FUA.  

Then an estimate was made for the occupancy for each hour, for each building type. This was multiplied 

by the demand per hour for each building type. Using this data, it was possible to calculate the 

estimated demand baseline, the estimated demand based on occupancy, and the potential demand 

savings for each building type and FUA per hour. It was also possible to calculate the estimated energy 

baseline, the estimated energy based on occupancy, and the potential energy savings for each building 

type and FUA per hour. The final calculations included the correction factors. It was assumed that when 

a space was not occupied, the lighting power level dropped to 50%. 

                                                           
12 άнлмл /ƻǳƴǘȅ .ǳǎƛƴŜǎǎ tŀǘǘŜǊƴǎ όb!L/{ύΦέ ¦ƴƛǘŜŘ {ǘŀǘŜǎ /Ŝƴǎǳǎ .ǳǊŜŀǳΦ ¦Φ{Φ 5ŜǇŀǊǘƳŜƴǘ ƻŦ /ƻƳƳŜǊŎŜΣ ƴΦŘΦΦ ²ŜōΦ нр aŀǊŎƘ нлмпΦ 
http://www.census.gov/econ/cbp/ 
13 ά5ƛƎŜǎǘ ƻŦ 9ŘǳŎŀǘƛƻƴ {ǘŀǘƛǎǘƛŎǎΦέ bŀǘƛƻƴŀƭ /ŜƴǘŜǊ ŦƻǊ 9ŘǳŎŀǘƛƻƴ {ǘŀǘƛǎǘƛŎǎΦ LƴǎǘƛǘǳǘŜ ƻŦ 9ŘǳŎŀǘƛƻƴ {ǘǳŘƛŜǎ ¦Φ{Φ 5ŜǇŀǊǘƳŜƴǘ ƻŦ Education, n.d.. 

Web. 25 March 2014. http://nces.ed.gov/programs/digest/ 
14 Table 4. Outdoor Lighting Baseline Assessment. Integrated Energy Systems Productivity and Building Science. California Energy Commission 

Public Interest Research Program, November 2002. PDF file. 
http://www.energy.ca.gov/title24/2005standards/archive/outdoor_lighting/documents/2003-05-06_LGHT-BASELINE.PDF 
15 Figure 3. Outdoor Lighting Baseline Assessment. Integrated Energy Systems Productivity and Building Science. California Energy Commission 

Public Interest Research Program, November 2002. PDF file. 

http://www.energy.ca.gov/title24/2005standards/archive/outdoor_lighting/documents/2003-05-06_LGHT-BASELINE.PDF 
16 Table 13. Outdoor Lighting Baseline Assessment. Integrated Energy Systems Productivity and Building Science. California Energy Commission 

Public Interest Research Program, November 2002. PDF file. 

http://www.energy.ca.gov/title24/2005standards/archive/outdoor_lighting/documents/2003-05-06_LGHT-BASELINE.PDF 
17

 Figure 3. Outdoor Lighting Baseline Assessment. Integrated Energy Systems Productivity and Building Science. California Energy Commission 

Public Interest Research Program, November 2002. PDF file. 
http://www.energy.ca.gov/title24/2005standards/archive/outdoor_lighting/documents/2003-05-06_LGHT-BASELINE.PDF 

http://www.census.gov/econ/cbp/
http://nces.ed.gov/programs/digest/
http://www.energy.ca.gov/title24/2005standards/archive/outdoor_lighting/documents/2003-05-06_LGHT-BASELINE.PDF
http://www.energy.ca.gov/title24/2005standards/archive/outdoor_lighting/documents/2003-05-06_LGHT-BASELINE.PDF
http://www.energy.ca.gov/title24/2005standards/archive/outdoor_lighting/documents/2003-05-06_LGHT-BASELINE.PDF
http://www.energy.ca.gov/title24/2005standards/archive/outdoor_lighting/documents/2003-05-06_LGHT-BASELINE.PDF
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Note that the data for the percent of time that the exterior space for each building type is occupied is 

not available. The purpose of this study is to learn more about these occupancy patterns. The data used 

for this analysis is just an estimate. 

TABLE 5: POTENTIAL DEMAND AND ENERGY SAVINGS 

MARKET SEGMENT BUILDING TYPE NUMBER OF CA 

ESTABLISHMENTS 

(2010)  

DEMAND 

SAVINGS 

POTENTIAL 

(MW)  

ANNUAL ENERGY 

SAVINGS 

POTENTIAL 

(GW H)  

PERCENTAGE OF 2010 

COMMERCIAL EXTERIOR 

LIGHTING  

(5,849  GWH)  

Commercial ς 
Non-retail 

Small office 140,722 34 123 2.1% 

Large office 162,136 73 257 4.4% 

Retail Full-service 
restaurant 

75,463 34 102 1.7% 

Grocery 17,012 34 92 1.6% 

Small retail 43,823 28 87 1.5% 

Large retail 39,272 116 331 5.7% 

Academic 
institution (Kς12) 

Small schools 8,000 4 13 0.2% 

Large schools 2,000 12 33 0.6% 

 

Academic Institutions 

Kς12 schools are excellent candidates for outdoor occupancy-based adaptive lighting, as they exhibit 

very low levels of nighttime occupancy, but they have less potential for statewide impact than other 

spaces simply because they are fewer in number than other spaces (retail, for example). California has 

10,296 public Kς12 schools,18 which typically operate about 61 hours per week.19
 

Commercial Spaces ς Non-retail 

Non-ǊŜǘŀƛƭ ŎƻƳƳŜǊŎƛŀƭ ǎǇŀŎŜǎ ƳŀƪŜ ǳǇ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ǇƻǊǘƛƻƴ ƻŦ /ŀƭƛŦƻǊƴƛŀΩǎ ŎƻƳƳŜǊŎƛŀƭ ōǳƛƭŘƛƴƎ ǎǇŀŎŜΦ 

Office spaces are an especially attractive sub-section of this market segment because of their low hours 

of operation (69 hours per week).20 

  

                                                           
18   άCƛƴƎŜǊǘƛǇ CŀŎǘǎ ƻƴ 9ŘǳŎŀǘƛƻƴ ƛƴ /ŀƭƛŦƻǊƴƛŀΦέ /ŀƭ9ŘCŀŎǘǎΦ /ŀƭƛŦƻǊƴƛŀ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ŘǳŎŀǘƛƻƴΣ aŀȅ нлмоΦ ²ŜōΦ нр aŀǊŎƘ нлмпΦ 
http://www.cde.ca.gov/ds/sd/cb/ceffingertipfacts.asp 
19 Figure 3. Lighting in Commercial Buildings. Energy Information Administration, Office of Energy Markets and End Use. U.S. Department of 

Energy, March 1992. PDF file. http://medtclighting.com/wp-content/uploads/2010/06/energy_consuption_relamping.pdf 
20 Figure 3. Lighting in Commercial Buildings. Energy Information Administration, Office of Energy Markets and End Use. U.S. Department of 

Energy, March 1992. PDF file. http://medtclighting.com/wp-content/uploads/2010/06/energy_consuption_relamping.pdf 

http://www.cde.ca.gov/ds/sd/cb/ceffingertipfacts.asp
http://medtclighting.com/wp-content/uploads/2010/06/energy_consuption_relamping.pdf
http://medtclighting.com/wp-content/uploads/2010/06/energy_consuption_relamping.pdf
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Industrial Spaces 

Like non-retail commercial spaces, industrial warehouses, especially those used for manufacturing and 

storage, have below-average hours of operation and tend to require large parking areas for 

employees.21 

Retail Spaces 

Retail spaces have somewhat variable hours of operation and often do not have a private parking area, 

but retail establishments are significantly greater in number compared to the other market sectors 

examined.22 

EMERGING TECHNOLOGY 
Occupancy-based adaptive exterior lighting systems have demonstrated their potential to achieve 

substantial energy savings and are being implemented on a growing scale. The energy savings of 

occupancy-based adaptive lighting strategies are clearly tied to occupancy patterns. Because of this, 

utilities and similar stakeholders are developing a method to quantify the expected energy savings 

associated with this emerging technology in a repeatable and reliable manner. 

During the first phase of the Exterior Occupancy Survey, completed in 2011, a methodology was 

developed to quantify pedestrian and automobile occupancy rates for non-residential exterior spaces. 

For exterior spaces and applications to be included in the site surveys, the methodology included 

recommended survey metrics, data collection and analysis procedures, appropriate data collection 

equipment, equipment placement, and other necessary monitoring requirements.  

The implementation and evaluation of the methodology developed in Phase 1 is the product under 

evaluation in this technology assessment. Without reliable occupancy pattern information, utilities are 

unable to create a deemed incentive for occupancy-based adaptive exterior lighting systems.  

  

                                                           
21 Figure 3. Lighting in Commercial Buildings. Energy Information Administration, Office of Energy Markets and End Use. U.S. Department of 

Energy, March 1992. PDF file. http://medtclighting.com/wp-content/uploads/2010/06/energy_consuption_relamping.pdf 

 
22 California Commercial End Use Survey. Itron, Inc. California Energy Commission, March 2006. PDF file. 

http://www.energy.ca.gov/2006publications/CEC-400-2006-005/CEC-400-2006-005.PDF 

 

http://medtclighting.com/wp-content/uploads/2010/06/energy_consuption_relamping.pdf
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ASSESSMENT OBJECTIVES 
This study serves to evaluate the proposed methodology in identified applications, outlined in the 

Background section, with the greatest potential for energy savings based on logged occupancy triggers 

and calculated occupancy rates.  

The methodology requires a system of equipment to be used that can detect and log occupancy triggers.  

Data reduction and analysis is required to process the occupancy trigger logs. The type of sensor 

technology used such as passive infrared, ultrasonic, dual technology, or microwave, as well as the 

strategy selected for data analysis will both influence occupancy profile results. Commercially available 

sensors used to log occupancy triggers and various approaches to computational analysis will be 

evaluated to conclusively determine the best implementation of this methodology. 

TECHNOLOGY EVALUATION 
In response to increased use of occupancy-based adaptive exterior lighting products and their potential 

for substantial energy savings, utility companies are interested in creating incentive programs focused 

on occupancy-based adaptive exterior lighting technology.  

To achieve this goal, a simplified method is necessary for utilities to easily calculate expected energy 

savings and associated incentives. The method developed in Phase 1 outlines a recommended set of 

design steps, equipment specification and data analysis needed to characterize occupancy patterns that 

will, in turn, allow for the estimation of energy savings in outdoor applications.  

The methodology employs the use of occupancy sensing technologies, data acquisition equipment and 

computational analysis to reduce and analyze data collected over time into a representative occupancy 

profile. Field deployments have been conducted at host sites selected according to the market 

assessment requirements identified in the Background section of this report.  
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TECHNICAL APPROACH 
The technical approach to evaluate the proposed methodology of Phase 1 was conducted in two parts: 

the implementation of the methodology and the data processing. The methodology included the site 

selection, site plan development, equipment specification and installation, data collection and 

equipment removal.  Data processing included the data reduction, data plotting and data stream 

analysis.  Data analysis included the use of collected occupancy profiles to calculate occupancy rates.  

IMPLEMENTATION OF METHODOLOGY 
The steps taken to implement the Phase 1 methodology are provided below.  

SITE SELECTION & SITE PLAN DEVELOPMENT 
Host sites were selected based on their adherence to the criteria summarized in the Background section 

of this report. Site plan development includes the compilation of the following installation details: the 

coverage patterns of each sensor, the pole or other structure serving as the mounting location for each 

sensor, and the approximate location where the receivers need to be mounted. 

EQUIPMENT INSTALLATION  
A site visit was made by CLTC to perform verification testing to finalize the proposed mounting locations 

based on site conditions and signal strength. The site plan was modified according to the in-situ findings. 

Third party contractors and/or utility personnel installed the occupancy data acquisition hardware at 

each site. An initial review of real-time preliminary data gathered after the installation of equipment 

was performed and the site plan was revised as appropriate. 

The data acquisition system (DAQ) utilizes a network of battery-powered, outdoor-rated passive 

infrared (PIR) motion sensors with integrated wireless transmitters (Model: Optex TD-20U). The sensor 

field of view can be configured for a long-range beam pattern or a short-range fan pattern. The sensor 

signals were monitored remotely with indoor-rated receivers (Model: Optex RC-20U) that require a 120 

Volt alternating current source. Each receiver can be paired with up to nine sensors. Data was recorded 

from the receivers with battery-powered data loggers (Model: HOBO - UX120-017M or HOBO ς U30). 

The DAQ equipment is depicted in figure 3.  

All sensors were divided into groups, typically consisting of 1ς3 sensors. Each sensor group used a 

common receiver. The receivers emit a voltage pulse whenever any sensor in the group detects motion. 

The triggering events are logged by the data logger. Figure 4 shows the configuration and interaction of 

the various DAQ system components.  
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FIGURE 3: DAQ EQUIPMENT: (LEFT) DATA LOGGER ; (CENTER) RECEIVER; (RIGHT) PIR SENSOR. 

 

FIGURE 4: INTERACTION OF THE DAQ SYSTEM COMPONENTS 
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The PIR sensors communicate with the paired receiver when motion is detected. The receiver emits a 

pulse to the connected data logger. The data logger registers the receiver pulse and increases the count 

by one for that bin period. The data logger records the date and time for the start of the bin period, and 

the number of counts detected during that bin period. A 30-second bin period was used for four sites 

and a 5-minute bin period was used for four sites. The four channel data loggers each generate an 

output file tracking the date and time of occupancy triggers.  

DATA COLLECTION 
Data was collected at each host site for a 90-day period. Data was downloaded intermittently to verify 

operation of equipment.  

The raw data file from a single data logger is shown in figure 5.  

 

FIGURE 5: DATA FROM A SINGLE DA TA LOGGER  

EQUIPMENT REMOVAL 
Third party contractors were hired to remove the occupancy data acquisition hardware at each site. 

Equipment was shipped back to project engineers for final data download.  

DATA PROCESSING  
All data collected at the eight host sites went through a data processing procedure. This procedure 

included data reduction, plotting and analysis.  
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DATA REDUCTION 
The first data reduction step was the consolidation of the raw data streams generated from the multiple 

data loggers into one master Excel file. The number of raw data streams varied from site to site, based 

on the size of the monitored area. At each site, the consolidated data streams were then analyzed for 

inconsistent start and stop times. 9ƴƎƛƴŜŜǊǎ άǘǊƛƳƳŜŘέ ǘƘŜ Ǌŀǿ Řŀǘŀ ǎǘǊŜŀƳǎ ǘƻ ŜƴǎǳǊŜ Řŀǘŀ ŀƴŀƭȅǎƛǎ 

was conducted for the time frame when all data receivers were actively collecting data from their 

respective sensors. This was accomplished by referencing the time stamp for each data stream. Once 

the time of operation was determined for each of the receivers, the master Excel file was trimmed down 

to only include data from dates when all receivers were operational.  

DATA PLOTTING 
Graphs were created for each of the raw data streams to create a visual representation of activity within 

the monitoring area associated with each receiver over the deployed time period. These graphs were 

created with the use of a software tool, either Matlab or Excel for this analysis. The selection of the 

software tool was dependent on the file size of each host site. 

 

FIGURE 6: MATLAB  GRAPH OF DATA STREAM  FROM BIG BOX STORE HOST SITE RECEIVER NO. 34, FOR 30-SECOND BINNING 

PERIOD, 9/9/2013ï 1/30/2014 

DATA STREAM ANALYSIS 
After completing the data reduction, consolidated data streams were analyzed. This process consisted of 

reviewing the data streams, graphs and site conditions for each receiver. The analysis prioritized the 

identification of abnormalities or errors within the data streams. These abnormalities were compared to 

installation maps and logs to aid in identifying the source of the abnormality.  

Data streams with abnormalities are indicative of receivers that logged data uncorrelated to expected 

activity trends within the receiverΩs operating area, or extremely uncorrelated to observed trends from 

data logged by other receivers in its spatial proximity. Sources of observed abnormalities or errors were 

identified as a weak signal between sensor and receiver, loss of power to data acquisition hardware 

components, and sensor interference.  

Types of sensor interference included a range of issues, from tree branches triggering sensors and 

causing abnormally large spikes in occupancy data to construction limiting ƻŎŎǳǇŀƴǘǎΩ access to the 

detection area covered by a sensor. These instances of data interference were determined through a 
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combination of observations made during the installation, during the removal of the monitoring 

equipment, and in reviewing the data.  

 

 

FIGURE 7: GRAPHS OF DATA STREAM S FROM RECEIVERS R07 AND R08 AT OFFICE CAMPUS SITE, FULL VIEW (TOP) AND 

ZOOMED IN ON R08 (BOTTOM). RECEIVERS R07 AND R08 WERE MONITORING AREAS CLOSE TO ONE ANOTHER. 
INTERFERENCE, CAUSING EXCEPTIONALL Y HIGH VALUES TO BE LOGGED, WAS CAUSED BY TREE BRANCHES  

HANDING IN FRONT OF A SENSOR CONNECTED TO R08. 

 

Data acquisition equipment issues also contributed to data streams being omitted from the analysis of 

the sites. These equipment issues consisted of unplugged receivers, general loss of signal or signal 

weakness.  
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FIGURE 8: GRAPH OF DATA STREAM FROM RECEIVER R06 AT OUTDOOR SHOPPING CENTER SITE, FULL VIEW (TOP) AND 

ZOOMED IN (BOTTOM). THIS GRAPH DEPICTS A SITUATION WHEN DATA LOGGING WAS LOST DUE TO LOSS  OF 

POWER. WHEN UNINSTALLING THE  EQUIPMENT AT THIS SITE, THE RECEIVERôS POWER SUPPLY WAS FOUND TO 

HAVE COME UNPLUGGED . 

 

FIGURE 9: GRAPH OF DATA STREAM FROM RECEIVER R10 AT OUTDOOR SHOPPING CENTER SITE. THIS GRAPH DEPICTS A 

SITUATION WHEN NO DATA WAS LOGGED FROM T HE RECEIVER. 

The results of the review is tracked within an Excel file for each of the receiver data streams for 

reference.  

 

FIGURE 10: EXAMPLE OF DATA STREA M REVIEW OF DOCUMENTATION FROM OFFICE CAMPUS SITE. THE RECEIVERS 

HIGHLIGHTED IN YELLO W REPRESENT RECEIVERS WITH DATA STREAMS THAT SHOULD BE INCLU DED IN DATA 

ANALYSIS FOR THE SIT E, WHILE THE RECEIVERS HIGHLIGHTED IN RED REPRESENT DATA STREAMS THAT SHOULD 

BE OMITTED IN THE AN ALYSIS OF THE SITE . 

 

The data stream review document for each receiver includes: Number of sensors connected to the 

receiver, start date and end date of data collection, installation notes, general observations and trends 
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within the data, outstanding issues, graph scale size, and final determination on the inclusion of the data 

in the final analysis.  

DATA ANALYSIS 
To determine the occupancy profiles of each site, new metrics were defined to allow for the most 

accurate characterization of the occupancy-based adaptive exterior lighting applications identified in 

Phase 1 of this effort. These metrics are constricted by the binning resolution of raw data collected at 

the site and the time-of-day definitions. 

Binning resolution of occupancy trigger data is limited by the deployment settings of the data 

acquisition hardware. For the data collected in this study, four sites were deployed using the 30-second 

binning setting and four sites were deployed using the 5-minute setting. Analysis can be performed to 

create any binning period greater than the resolution of the raw data. For sites with 30-second binning 

resolution data, analysis is performed for 30-second and 5-minute resolutions, closely simulating time-

out periods of exterior occupancy sensors available today. For sites with 5-minute resolution data, 

analysis was performed for 5-minute resolution only.  

Occupancy rates were calculated based on the definition of the period of interest. For occupancy-based 

adaptive exterior lighting systems, this is assumed to be nighttime. Data was collected continuously at 

each site, allowing for both day and night occupancy calculations. Day and night time periods are 

defined by sunrise and sunset specific to each day and site. Data can be analyzed on an hourly basis if 

determined necessary. Data streams can also be binned into applicable day-of-use categories, such as 

weekends and weekdays. For this analysis occupancy rates were calculated without discriminating 

between weekday and weekends. 

Both Ψabsolute occupancyΩ rates and Ψaverage occupancyΩ rates were calculated for the eight 

participating host sites. Absolute occupancy rates provide estimates of occupancy for the whole site 

based on data which indicates occupancy anywhere within the monitored area. With absolute 

occupancy, the entire site is considered occupied if any sensor detects motion. Average occupancy rates 

reflect an average of data collected at the receiver level for the whole site. With the average occupancy 

calculation method, the occupancy rate is equal to the number of bin periods with occupancy detected 

by any receiver within the timeframe under consideration, divided by the total number of bin periods in 

that timeframe.  

Average site occupancy reflects data collected by individual receivers. ! ǊŜŎŜƛǾŜǊΩǎ occupancy rate is 

determined by taking the number of nighttime bin periods where motion was detected by any sensor 

connected to that receiver, and dividing it by the total number of nighttime bin periods.   
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RESULTS  
Within this section of the report, each of the eight participating host sites is addressed individually. For 
each site, a summary of site parameters, occupancy data acquisition equipment used, installation 
details, and a summary of the calculated site occupancy results are included. Figure 11 provides a map 
of the sites, offering an overview of their locations. 

 

 

FIGURE 11: OVERVIEW OF HOST SITES 

  



 

 
 

 23 

Emerging Technologies Program ET12PGE1271, ET08SCE1051, ET12BPA-TIP140 

LARGE OFFICE BUILDING, A 

SITE DESCRIPTION 

 

FIGURE 12: LARGE OFFICE BUILDING, A HOST SITE 

Large Office Building, A, is a municipal facility in the Pacific Northwest which occupies approximately 15 

acres, include one larger main complex, a second smaller building and two large parking areas.  

Sensors were placed to monitor traffic in the larger north parking lot. Monitoring was conducted from 

July 31, 2013 to September 27, 2013. This site was selected to represent commercial spaces operating 

less than 24 hours a day. The sensor layout is shown in figure 13. 
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SENSOR LAYOUT 

 

FIGURE 13: OCCUPANCY ANALYSIS FO R THE LARGE OFFICE BUILDING A WAS CONDUCTED CONSIDERING EIGHT 

RECEIVERS, WHICH REPRESENT OCCUPANT DETECTIONS FROM 14 PIR SENSORS. DATA WAS COLLECTED IN  

FIVE-MINUTE INTERVALS . 

 

Traffic at the Large Office Building, A falls into two categories: office employees, who access the space 

on a Monday through Friday, 8 a.m. to 5 p.m. schedule, and public visitors. Two parking lots directly 

behind the building provide parking for employees, the public and service vehicles.  

Receivers R07 and R08 monitored entrances and exits and correspondingly recorded occupancy rates 

higher than the average of all receivers. The highest nighttime occupancy rate was observed by R05, 

which was located in the interior of the parking lot, closest to the building facilities. The lowest rates 

were observed farthest from the building facilities by receivers R01 and R02, which are located at the 

north end of the parking lot. 
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DATA ANALYSIS 

 

 

FIGURE 14: NIGHTTIME OCCUPANCY RATE RESULTS FOR RECEIVERS AT LARGE OFFICE BUILDING A HOST SITE. 

 

TABLE 6: SUMMARY OF OCCUPANCY RATE CALCULATIONS FO R THE LARGE OFFICE BUILDING, A HOST SITE 

RECEIVERS OCCUPANCY BIN PERIOD TIME OCCUPANCY RATE 

All Absolute1 30 sec Night n/a3 

All Average 2 30 sec Night n/a 

All Absolute 30 sec Day n/a 

All Average 30 sec Day n/a 

All Absolute 5 min Night 12.63% 

All Average 5 min Night 3.33% 

All Absolute 5 min Day 75.27% 

All Average 5 min Day 41.02% 
1 ς Absolute occupancyΥ ¢ƻ ŎƻƳǇǳǘŜ ǘƘƛǎ ǾŀƭǳŜΣ ǘƘŜ ŜƴǘƛǊŜ ǎƛǘŜ ƛǎ ŀǎǎǳƳŜŘ ǘƻ ōŜ άƻŎŎǳǇƛŜŘέ ƛŦ ŀƴȅ ǎŜƴǎƻǊ ŘŜǘŜŎǘǎ ƳƻǘƛƻƴΦ ¢ƘŜ ǇŜǊŎŜƴǘŀƎŜ ƭƛǎǘŜŘ 

is equal to the number of nighttime bin periods where any receiver detected motion, divided by the total number of nighttime bin periods. 

2 ς Average occupancy: The percentage listed is the average of the individual receiver occupancy rates. These individual receiver occupancy 

rates are determined by taking the number of nighttime bin periods where motion was detected by any sensor connected to that receiver, 

divided by the total number of nighttime bin periods.  

3 ς Data for 30-second bins is not available for Washington sites. 
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BUILDING SUPPLY FRANCHISE  

SITE DESCRIPTION 

 

FIGURE 15: THE BUILDING SUPPLY FRANCHISE HOST SITE IS LOCATED IN A SUBURBAN AREA S URROUNDED BY RESIDENTIAL 

AND SMALL COMMERCIAL  STRUCTURES. 

 

This site is a typical retail location of a building supply franchise in an eastern Washington suburb near a 

city of 30,000 people. The site is immediately surrounded by residential and small commercial 

structures. 

  

Host Site 
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SENSOR LAYOUT 

 

FIGURE 16: SENSOR LAYOUT AT BUILDING SUPPLY FRANCHISE HOST SITE. 

The premises, which occupy approximately nine acres, include one large building housing the retail 

operations, one large parking lot, one loading dock, one limited parking area, and roadways around the 

building perimeter. Sensors were installed to monitor activity in the larger north parking lot.  

Monitoring was conducted from August 28, 2013 to December 1, 2013. As a big-box retailer, this site 

was selected to represent commercial retail with less than 24-hour operation. 

  




















































































































