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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 —
Completed in December 2011

Phase 2: Evaluate and finalize methodological approach through implementation in a small
number of selected spaces —
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 —
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:

e Selection of appropriate cross section of space types and locations
e Installation of motion sensing and data collection technologies

e Data collection, processing, and analysis

e 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

e large Office Building, A

e Building Supply Franchise
e Fast Food Restaurant

e K-12 School

Pacific Gas and Electric

e Office Campus
e Big Box Store

Southern California Edison

e  Office Building, B
e Qutdoor 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
produce an accurate representation of the site’s annual occupancy profile.

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 —
- 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 —
- 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:

e Selection of appropriate cross section of space types and locations
e |nstallation of motion sensing and data collection technologies

e Data collection, management, reduction and analysis

e 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. According to the Department of Energy’s 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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Number of Lamps Energy Use Lumen Production
® Residential . 25% 29
® Commercial 25% .50% 60%
® Industrial o 2% . 8% . 11%
® Outdoor ® 2% . 17% 21%

FIGURE 1: U.S. LIGHTING LAMP INVENTORY, ELECTRICITY CONSUMPTION AND LUMEN PRODUCTION1
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FIGURE 2: U.S. LIGHTING ELECTRICITY CONSUMPTION BY SECTOR AND LAMP TYPE2

! Figure 5-2. Building Technologies Program. 2010 U.S. Lighting Market Characterization. U.S. Department of Energy, January 2012. PDF file.
http://appsl.eere.energy.gov/buildings/publications/pdfs/ssl/2010-Imc-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://appsl.eere.energy.gov/buildings/publications/pdfs/ssl/2010-Imc-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.® 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.*

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 — INSTALLATIONS AND ENERGY CONSUMPTION

PARKING AREA TYPE ESTIMATED NUMBER QUANTITY OF ANNUAL ENERGY
OF PARKING SPACES LAMPS 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.” 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://appsl.eere.energy.gov/buildings/publications/pdfs/ssl/2010-Imc-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://appsl.eere.energy.gov/buildings/publications/pdfs/ssl/2010-Imc-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-Imc-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 SELECT MARKET SEGMENTS

ESTABLISHMENT TYPE NUMBER OF
ESTABLISHMENTS

CA retail establishments®: 607,893

CA non-retail commercial establishments’: 284,104

CA public schools (K-12)%: 10,296

CA health care facilities®: 5,685

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 — 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.

’ “2007 County Business Patterns (NAICS).” United States Census Bureau. U.S. Department of Commerce, n.d.. Web. 27 March 2014.
http://www.census.gov/econ/cbp/

8
“Fingertip Facts on Education in California.” CalEdFacts. California Department of Education, May 2013. Web. 25 March 2014.
http://www.cde.ca.gov/ds/sd/cb/ceffingertipfacts.asp

9
“Facility Listings.” Healthcare Information Division. State of California Office of Statewide Health Planning & Development, January 2014,
Web. 27 March 2014. http://www.oshpd.ca.gov/hid/Products/Listings.html
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TABLE 3: AVERAGE DAILY LIGHTING OPERATING HOURS PER LAMP BY SUBSECTOR10

INCAN- HALOGEN CFL  LINEAR MV MH HPS LPS LED OTHER AVERAGE
DESCENT FLUORESCENT
Building 8.4 8.2 9.0 8.7 89 88 89 91 89 89 8.8
Exterior
Parking 15.9 17.9 N/A 18.0 13,5 15.0 16.0 N/A 163 13.1 15.7
Average 12.2 13.1 9.0 134 11.2 119 125 9.1 126 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 (K—12 schools), offices, warehouses (industrial) and mercantile (retail)
spaces all have below-average levels of effective lighting hours per week.

TABLE 4: WEEKLY HOURS OF OPERATION BY COMMERCIAL MARKET SECTOR11

BUILDING TYPE OPERATING EFFECTIVE % OF WEEK
HOURS PER WEEK LIGHTING HOURS

( AVERAGE) PER 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://appsl.eere.energy.gov/buildings/publications/pdfs/ssl/2010-Imc-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
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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,™ the number of schools in California,* their energy usage by Functional Use Area (FUA),™ the
energy demand by FUA,™ and the average lighting power density (LPD) by building type and FUA.'® 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 profile'’ 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
“2010 County Business Patterns (NAICS).” United States Census Bureau. U.S. Department of Commerce, n.d.. Web. 25 March 2014.
http://www.census.gov/econ/cbp/

13
“Digest of Education Statistics.” National Center for Education Statistics. Institute of Education Studies U.S. Department of 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
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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

11
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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 NuMmBER OF CA DEMAND ANNUAL ENERGY  PERCENTAGE OF 2010
ESTABLISHMENTS SAVINGS SAVINGS COMMERCIAL EXTERIOR
(2010) POTENTIAL ~ POTENTIAL LIGHTING
(MW) (GW H) (5,849 GWH)
Commercial — Small office 140,722 34 123 2.1%
Non-retail Large office 162,136 73 257 4.4%
Retail Full-service 75,463 34 102 1.7%
restaurant
Grocery 17,012 34 92 1.6%
Small retail 43,823 28 87 1.5%
Large retail 39,272 116 331 5.7%
Academic Small schools 8,000 4 13 0.2%
institution (K=12) | arge schools 2,000 12 33 0.6%
Academic Institutions

K—12 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 K-12 schools,™ which typically operate about 61 hours per week."

Commercial Spaces — Non-retail

Non-retail commercial spaces make up a significant portion of California’s commercial building space.
Office spaces are an especially attractive sub-section of this market segment because of their low hours
of operation (69 hours per week).”

8
“Fingertip Facts on Education in California.” CalEdFacts. California Department of Education, May 2013. Web. 25 March 2014.
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

12
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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.”

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.”

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

13
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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.

14
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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 — U30).
The DAQ equipment is depicted in figure 3.

All sensors were divided into groups, typically consisting of 1-3 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.

15
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FIGURE 3: DAQ EQUIPMENT: (LEFT) DATA LOGGER; (CENTER) RECEIVER; (RIGHT) PIR SENSOR.
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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.

B H - =

FILE HOME IMNSERT PAGEL FORMU DATA REVIEW VIEW ADD-IN DEVELD Thomas.. -

G9 - e v

A B C D E F -
1 |Date Time RO1 Counts (#) RO2 Counts (#) RO3 Counts (#) R0O4 Counts (#)
2 9/9/13 10:49 PM 0 ] 0
3 9/9/13 10:43 PM
4 9/9/13 10:50 PM
5 9,/9/13 10:50 PM
& 9/9/13 10:51 PM
7 9/9/13 10:51 PM
g 9/9/13 10:52 PM
9 9/9/13 10:52 PM
10 9/9/13 10:53 PM
11 9/9/13 10:53 PM
12 9/9/13 10:54 PM
13| 9/9/1310:54 PM

FIGURE 5: DATA FROM A SINGLE DATA 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.

== T S I = T = T I i - R o I
= Q= R o T o R N o Y o o B o I . I s
L= == Y e T e R R e Y e s e Y s Y o
o= D B o T o R o T o B o O == I = = |

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. Engineers “trimmed” the raw data streams to ensure data analysis
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.

- ey roer — e . e

09101 10/01 101 12101 ont 02101

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

PERIOD, 9/9/2013—-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 receiver’s 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 occupants’ 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.

n i i 0
Eﬂl ] ] we |
=

Su o P W |

Counts per 30 sec Bin

FIGURE 7: GRAPHS OF DATA STREAMS FROM RECEIVERS R07 AND R08 AT OFFICE CAMPUS SITE, FULL VIEW (TOP) AND
ZOOMED IN ON R08 (BoTTOM). RECEIVERS RO7 AND RO8 WERE MONITORING AREAS CLOSE TO ONE ANOTHER.

INTERFERENCE, CAUSING EXCEPTIONALLY 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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Counts per 30 sec Bin

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 RECEIVER’S 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 THE RECEIVER.

The results of the review is tracked within an Excel file for each of the receiver data streams for
reference.
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FIGURE 10: EXAMPLE OF DATA STREAM REVIEW OF DOCUMENTATION FROM OFFICE CAMPUS SITE. THE RECEIVERS
HIGHLIGHTED IN YELLOW REPRESENT RECEIVERS WITH DATA STREAMS THAT SHOULD BE INCLUDED IN DATA

ANALYSIS FOR THE SITE, WHILE THE RECEIVERS HIGHLIGHTED IN RED REPRESENT DATA STREAMS THAT SHOULD
BE OMITTED IN THE ANALYSIS 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 ‘absolute occupancy’ rates and ‘average occupancy’ 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. A receiver’s 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.

o\ B

\

Large Office Building A
Richland, WA

K-12 School
Pasa, WA

Fast Food Restaurant
Walla Walla, Washington

Building Supply Franchise
College Place, WA

Big Box Store
West Sacramento, CA

Office Campus
Vacaville, CA

Office Building B
Long Beach, CA

Outdoor Shopping Center
Irvine, CA

FIGURE 11: OVERVIEW OF HOST SITES

22



Emerging Technologies Program ET12PGE1271, ETO8SCE1051, 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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FIGURE 13: OCCUPANCY ANALYSIS FOR 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 RO7 and RO8 monitored entrances and exits and correspondingly recorded occupancy rates
higher than the average of all receivers. The highest nighttime occupancy rate was observed by R0O5,
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 RO1 and R02, which are located at the
north end of the parking lot.
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DATA ANALYSIS

Large Office Building, A: Nighttime Occupancy
5-minute bins, 6/21/2013—9/24/2013
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FIGURE 14: NIGHTTIME OCCUPANCY RATE RESULTS FOR RECEIVERS AT LARGE OFFICE BUILDING A HOST SITE.

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

RECEIVERS OccuPANCY BIN PERIOD TIME OccuPANCY RATE
All Absolute® 30 sec Night n/a’

All Average’ 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 - Absolute occupancy: To compute this value, the entire site is assumed to be “occupied” if any sensor detects motion. The percentage listed
is equal to the number of nighttime bin periods where any receiver detected motion, divided by the total number of nighttime bin periods.

2 — 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 — 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 SURROUNDED 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.
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SENSOR LAYOUT
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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.
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DATA ANALYSIS

Building Supply Franchise Nighttime Occupancy
5-minute bins, 8/28/2013—12/5/2013
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FIGURE 17: NIGHTTIME OCCUPANCY RATE RESULTS FOR RECEIVERS AT BUILDING SUPPLY FRANCHISE HOST SITE.

The highest nighttime occupancy rates were reported by sensors R05, R07, R08, and R12, which monitor
the most utilized store entrances.

The lowest nighttime occupancy rates were recorded by R03, R06, R09, and R11. These receivers
monitor typical and fringe parking spaces.

TABLE 7: SUMMARY OF OCCUPANCY RATE RESULTS FOR BUILDING SUPPLY FRANCHISE HOST SITE.

RECEIVERS OccupPANCY  BIN TIME OccuPANCY RATE
PERIOD

All Absolute 30 sec Night n/a

All Average 30 sec Night n/a

All Absolute 30 sec Day n/a

All Average 30 sec Day n/a

All Absolute 5 min Night 60.82%

All Average 5 min Night 20.79

All Absolute 5 min Day 98.86%

All Average 5 min Day 61.64%
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FAST FOOD RESTAURANT

SITE DESCRIPTION

FIGURE 18: THIS FAST-FOOD SITE, OUTLINED IN RED, IS LOCATED IN SOUTHEAST WA AND IS SURROUNDED BY RESIDENTIAL
AND RETAIL SPACES.

This site is a fast-food restaurant located in southeast Washington. The premises occupy approximately
one acre. The facilities at this site include a single fast-food restaurant structure with a drive-through
and a small parking lot. This site was selected to represent commercial retail with 24-hour operation.
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FIGURE 19: SENSOR LAYOUT AT FAST FOOD RESTAURANT HOST SITE IN SOUTHEAST WASHINGTON. R01—R03 REPRESENT

THE LOCATIONS OF THE THREE RECEIVERS USED AT THIS SITE. THE RED TRIANGLES EXTENDING FROM THE
RECEIVER LOCATIONS REPRESENT INDIVIDUAL SENSORS AND THEIR ORIENTATION.

Sensors were placed throughout the parking lot on the south and west sides of the restaurant. Receivers
R0O1 and R03 monitored vehicular traffic entering or exiting the site, with a secondary function of
monitoring the limited amount of parking within their view area. Receiver R03 operated with a dual
primary function of monitoring vehicles moving through and parking within the lot. Monitoring at this
site was conducted from June 3, 2013 to September 17, 2013.
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DATA ANALYSIS

Fast Food Restaurant Nighttime Occupancy
5 minute bins, 6/3/2013—9/17/2013
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FIGURE 20: NIGHTTIME OCCUPANCY RATE RESULTS FOR RECEIVERS AT FAST FOOD RESTAURANT HOST SITE

The highest occupancy rates were detected by RO1 and R03, which primarily monitor vehicles entering
and exiting the parking lot. These higher occupancy rates are related to the location of the receivers,
which each monitor one of the two possible entrances or exits to the site.

Due to the nature of the restaurant business, this site is expected to experience a higher rate of
occupancy at standard meal times such as breakfast, lunch and dinner. Since the time frames of these
meal-time increases in occupancy stay fairly constant throughout the year, it should be expected that
the occupancy rates in a night and day comparison will shift depending on the time of year being
viewed. During the time of year of this site study, sunrise ranges from about 5:00 a.m. to 6:30 a.m. and
sunset ranges from 7:00 p.m. to 8:40 p.m.
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TABLE 8: SUMMARY OF OCCUPANCY ANALYSIS RESULTS FOR FAST FOOD RESTAURANT HOST SITE.

RECEIVERS OCCUPANCY  BIN PERIOD TIME OCCUPANCY RATE
All Absolute’ 30 sec Night n/a’

All Average® 30 sec Night n/a

All Absolute 30 sec Day n/a

All Average 30 sec Day n/a

All Absolute 5 min Night 68.45%

All Average 5 min Night 57.27%

All Absolute 5 min Day 80.64%

All Average 5 min Day 78.86%

1 - Data for 30 second bins is not available.

2 — Absolute occupancy: The entire site is assumed to be occupied for the duration of a given bin period if any sensor detects motion during
that bin. The percentage given is equal to the number of nighttime bin periods where any receiver detected motion, divided by the total
number of nighttime bin periods.

3 — Average occupancy: The percentage listed is the average of the individual receiver occupancy rates. These individual receiver occupancies
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.
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K-12 SCHOOL

SITE DESCRIPTION ,

W

LL;_L:_L‘L‘L '

A T T T~

.
‘ i v
¥ 5y UE

LS L7 1 R eI
& TN Eal v i SRE ners
SR L FLE A B
AL NY RN
qry TR Y TR

FIGURE 21: THE K-12 SCHOOL HOST SITE IN SOUTHEAST WASHINGTON, SURROUNDED BY RESIDENTIAL NEIGHBORHOODS
AND AGRICULTURAL FIELDS.

This site is a K-12 School representing academic K-12 sites. The site occupies approximately forty acres,
including several building structures and recreational sports fields. For this study, sensors were installed
in the southeast parking lot. The site is located in a suburban community in Southeast Washington and is
surrounded by residential neighborhoods and agricultural land. Monitoring was conducted from May 31,
2013 to September 24, 2013. Within this monitoring period, school was in session from August 27 to
June 7.
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SENSOR LAYOUT

FIGURE 22: SENSOR LAYOUT AT THE K-12 SCHOOL HOST SITE IN SOUTHEAST WASHINGTON. NUMBER LABELS 1—6

CORRESPOND TO RECEIVERS R01—R06 IDENTIFIED ELSEWHERE IN THIS REPORT.

The sensors installed at the K-12 School host site monitored vehicular traffic entering or exiting the
parking lot. They are connected to receivers R01, R02 and R06. Vehicles entering or exiting parking
spaces were detected by sensors connected to the R03, R04 and RO5 receivers.
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DATA ANALYSIS

K-12 School Nighttime Occupancy
5-minute bins, 5/31/2013—9/24/2013
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FIGURE 23: NIGHTTIME OCCUPANCY RATE RESULTS FOR RECEIVERS AT K-12 SCHOOL HOST SITE.

The highest occupancy rates were detected by receivers RO1 and R02, which monitor vehicular traffic
entering or exiting the lot as well as pedestrian traffic, and by receiver R03, which monitors the parking
spaces on the north end of the parking lot.

The individual and average receiver occupancy rates are all well below the absolute nighttime site
occupancy rate of 16.12%.

TABLE 9: SUMMARY OF OCCUPANCY ANALYSIS RESULTS FOR K-12 SCHOOL HOST SITE.

RECEIVERS OCCUPANCY BIN PERIOD TIME OCCUPANCY RATE
All Absolute? 30 sec Night n/a’

All Average® 30 sec Night n/a

All Absolute 30 sec Day n/a

All Average 30 sec Day n/a

All Absolute 5 min Night 16.12%

All Average 5 min Night 5.60%

All Absolute 5 min Day 50.85%

All Average 5 min Day 19.65%

1 — Data for 30-second bins is not available.

2 — Absolute occupancy: The entire site is assumed to be occupied for the duration of a given bin period if any sensor detects motion during
that bin. The percentage given is equal to the number of nighttime bin periods where any receiver detected motion, divided by the total
number of nighttime bin periods.

3 — Average occupancy: The percentage listed is the average of the individual receiver occupancy rates. These individual receiver occupancies
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.



Emerging Technologies Program ET12PGE1271, ETO8SCE1051, ET12BPA-TIP140

OFFICE CAMPUS
SITE DESCRIPTION

)

FIGURE 24: AERIAL IMAGE OF THE OFFICE CAMPUS HOST SITE, PREDOMINANTLY SURROUNDED BY COMMERCIAL AND SOME
RESIDENTIAL SPACES.

The Office Campus host site is located in northern California and occupies approximately 60 acres.
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FIGURE 25: SENSOR LAYOUTS FOR OFFICE CAMPUS HOST SITE: AREA 1 (TOP) AND AREA 2 (BOTTOM).
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Sensors were installed around the facility’s office buildings, situated to the southwest of the campus.
The sensors cover a wide range of spaces along major occupant use routes. This site was selected, in
part, because its occupancy reflects that of sites in the industrial or commercial market sectors that
operate for fewer than 24 hours per day.

DATA ANALYSIS

Office Campus Nighttime Occupancy
30-second bins, 6/21/2013—9/24/2013
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Office Campus Nighttime Occupancy
5-minute bins, 6/21/2013—9/24/2013
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FIGURE 26: NIGHTTIME OCCUPANCY RATE RESULTS FOR RECEIVERS AT OFFICE CAMPUS HOST SITE WITH 30-SECOND BIN
PERIODS (TOP) AND 5-MINUTE BIN PERIODS (BOTTOM).

This site houses facilities for a variety of operations which run on multiple schedules. The sensors were
installed specifically to monitor traffic connected to the office space facilities. A subset of the host site
area had to be selected in order to keep the installation and monitoring logistics within project resource
constraints, but this specific subset was selected in order to maximize the similarities between this host
site and the market vertical it is representing. The site was expected to operate on a typical office
schedule, Monday to Friday, 8:00 a.m. to 5:00 p.m., with peak activity occurring during the day and very
little activity occurring at night. This is reflected in the collected data.

TABLE 10: SUMMARY OF OCCUPANCY RATE ANALYSIS FOR OFFICE CAMPUS HOST SITE.

RECEIVERS OccuPANCY BiN PERIOD TiME PERIOD OCCUPANCY RATE
All Absolute’ 30 sec Night 17.82%

All Average’ 30 sec Night 0.71%

All Absolute 30 sec Day 54.54%

All Average 30 sec Day 3.34%

All Absolute 5 min Night 55.99%

All Average 5 min Night 4.20%

All Absolute 5 min Day 91.90%

All Average 5 min Day 17.42%

1 — Absolute occupancy: To compute this value, the entire site is assumed to be “occupied” if any sensor detects motion. The percentage listed
is equal to the number of nighttime bin periods where any receiver detected motion, divided by the total number of nighttime bin periods.

2 — Average occupancy: The percentage listed is the average of the individual receiver occupancy rates. These individual receiver occupancies
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.
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BIG BOX STORE

SITE DESCRIPTION

FIGURE 27: AERIAL IMAGE OF THE HOST SITE BIG BOX STORE, WHICH IS PREDOMINANTLY SURROUNDED BY RETAIL AND
SOME RESIDENTIAL SPACES.

The Big Box Store host site occupies a 20-acre premises include a single building housing all retail
operations, a large north parking lot, small auxiliary parking lots, a loading dock, roadways around the
building perimeter and pedestrian pathways which traverse the large north parking lot.

40



Emerging Technologies Program ET12PGE1271, ETO8SCE1051, ET12BPA-TIP140

FIGURE 28: SENSOR LAYOUT AT THE BIG BOX STORE HOST SITE IN NORTHERN CALIFORNIA. R01—R34 REPRESENT THE
LOCATIONS OF SENSORS AND RECEIVERS USED AT THIS SITE. THE RED TRIANGLES EXTENDING FROM THE
RECEIVER LOCATIONS REPRESENT INDIVIDUAL SENSORS AND THEIR ORIENTATIONS.

Sensors were installed to monitor traffic in the large north parking lot, in pedestrian use areas in the
north parking lot and along the building perimeter, near major entrances, and in the auxiliary parking lot
and loading dock on the east side. Monitoring was conducted from September 9, 2013 to January 2014.
This site was selected to represent commercial retail sites that are open for business 24 hours every day.
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DATA ANALYSIS
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30-second bins, 9/9/2013—1/30/2014
0,
188;’ Absolute Site Occ. =
— ’ [VALUE]
R 80% oo T
- verage O eceiver
g 70% Occg=[VALUE]
S 60% :
Z 50%
c
s 40%
S 30%
O (]
° o I i ll
10% —f====== I----I----- -g- ~-ff-ommmmmm——— I -----------------------------------
o i ion. A o
AN O N ONN0DO A AN NN OMNOODODO A AN NN OO O dJd N M <
O 0O 0O 0O 00000 d d dd A A A d - N AN AN AN AN AN AN AN AN OO N oM
X @£ @ x @ @ X £ X X X X X X X X (X X X X X X (X X X (X X X (X X X X X o
Receiver
Big Box Store Nighttime Occupancy
5-minute bins, 9/9/2013—1/30/2014
0
—_ Abs. Site Occ. =
X o
S 80% [VALUE]
(0]
5 60% Average of Receiver
> Occ. = [VALUE]
S 40%
Q0 Raccccclaccc e - - -l- el e cc e e el e - - - - - -———————— - - - -
3
FARIIE
O% I I - I — m - I I
TN N T N O N0 DO A AN N TN ONWOOODO A AN NMTET N OMNNOWOO O d N M <
O O 0O 0O 00000 ddHdddddd dddd AN AN AN AN AN N NN N NODOO OO
X (X £ X X (X (X X (X X X (X (X (X (X (X (X X (X (X (X (X (X X (X (X (X (X X X (X X X X
Receiver

FIGURE 29: NIGHTTIME OCCUPANCY RATE RESULTS FOR RECEIVERS AT THE BIG BOX STORE HOST SITE WITH 30-SECOND

BIN PERIODS (TOP) AND 5-MINUTE BIN PERIODS (BOTTOM).
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TABLE 11: SUMMARY OF OCCUPANCY RATE ANALYSIS FOR THE BIG BOX STORE HOST SITE

RECEIVERS OCCUPANCY BIN PERIOD TIME OcCCUPANCY RATE
All Absolute 30 sec Night 78.49%
All Average 30 sec Night 10.75%
All Absolute 30 sec Day 97.51%
All Average 30 sec Day 21.85%
All Absolute 5 min Night 97.98%
All Average 5 min Night 30.88%
All Absolute 5 min Day 99.14%
All Average 5 min Day 53.51%

1 - Absolute occupancy: To compute this value, the entire site is assumed to be “occupied” if any sensor detects motion. The percentage listed
is equal to the number of nighttime bin periods where any receiver detected motion, divided by the total number of nighttime bin periods.

2 — Average occupancy: The percentage listed is the average of the individual receiver occupancy rates. These individual receiver occupancies
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.
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OFFICE BUILDING, B

SITE DESCRIPTION

BLEGE 't's?’ﬁiiiﬁf ‘

FIGURE 30: AERIAL VIEW OF OFFICE BUILDING, B SOUTHERN CALIFORNIA

The Office Building, B is located on a six-acre lot in Long Beach, CA. The site consists of an office building
and adjacent parking lots. This host site is a commercial complex that operates fewer than 24 hours a
day. Data was logged at this site from April 26, 2013 to August 25, 2013.

44



Emerging Technologies Program ET12PGE1271, ETO8SCE1051, ET12BPA-TIP140

SENSOR LAYOUT
,._':, s

>
! A / 3 3
|

5
¥

Bo— rom ol @
- pr— .

n | 1&'

.n\

= “-;/_:_#:?ﬁgg

FIGURE 31: SENSOR LAYOUT FOR SOUTHERN HALF OF OFFICE BUILDING, B SITE, NORTHERN HALF (TOP) AND SOUTHERN
HALF (BOTTOM).
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Figure 31 depicts the sensor layout at the Office Building, B site. The RO1-R28 labels represent the
locations of the receivers on the site, while the triangles represent individual sensors, their relative
orientation, and their coverage areas. The sensors are configured to cover areas that include both
parking lots north and south of the building, walkways entering into the building, and roadways passing
near the office building.

DATA ANALYSIS
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FIGURE 24: NIGHTTIME OCCUPANCY RATE RESULTS FOR RECEIVERS AT OFFICE BUILDING, B HOST SITE WITH 30-SECOND

BIN PERIODS (TOP) AND 5-MINUTE BIN PERIODS (BOTTOM).
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TABLE 12: SUMMARY OF OCCUPANCY RATE ANALYSIS FOR OFFICE BUILDING, B.

RECEIVERS OCCUPANCY BIN PERIOD TIME OcCCUPANCY RATE
All Absolute! 30 sec Night 16.51%

All Average’ 30 sec Night 0.93%

All Absolute 30 sec Day 79.90%

All Average 30 sec Day 11.81%

All Absolute 5 min Night 56.07%

All Average 5 min Night 5.42%

All Absolute 5 min Day 99.24%

All Average 5 min Day 32.78%

1 - Absolute occupancy: To compute this value, the entire site is assumed to be “occupied” if any sensor detects motion. The percentage listed
is equal to the number of nighttime bin periods where any receiver detected motion, divided by the total number of nighttime bin periods.

2 — Average occupancy: The percentage listed is the average of the individual receiver occupancy rates. These individual receiver occupancies
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.
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OUTDOOR SHOPPING CENTER

SITE DESCRIPTION AND SENSOR LAYOUT
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FIGURE 33: SENSOR LAYOUT AT THE OUTDOOR SHOPPING CENTER. SENSORS WERE PLACED THROUGHOUT THE PARKING
STRUCTURE, ALONG THE WALKWAY BETWEEN STOREFRONTS AND ALONG THE ROADWAY. R01—-R24 INDICATE

THE LOCATIONS OF THE RECEIVERS WHILE THE INDIVIDUAL SENSORS AND THEIR ORIENTATION ARE
REPRESENTED BY RED TRIANGLES.

The Outdoor Shopping Center consists of 164 stores and service providers. Sensor coverage areas
include the parking garage, the roadway between the parking garage and retail stores, and the central
pedestrian walkway between the storefronts. This host site was selected to serve as an example of a

retail location that operates for fewer than 24 hours a day. Data was logged at this site from October 10,
2013 to February 5, 2014.
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DATA ANALYSIS

Outdoor Shopping Center, Nighttime Occupancy
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FIGURE 25: NIGHTTIME OCCUPANCY RATE RESULTS FOR RECEIVERS AT OUTDOOR SHOPPING CENTER HOST SITE WITH 30-

SECOND BIN PERIODS (TOP) AND 5-MINUTE BIN PERIODS (BOTTOM).
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TABLE 13: SUMMARY OF OCCUPANCY RATE ANALYSIS FOR OUTDOOR SHOPPING CENTER HOST SITE.

RECEIVERS OCCUPANCY BIN PERIOD TIME OccuPANCY RATE
All Absolute! 30 sec Night 67.71%
All Average’ 30 sec Night 20.64%
All Absolute 30 sec Day 91.71%
All Average 30 sec Day 24.14%
All Absolute 5 min Night 90.72%
All Average 5 min Night 41.96%
All Absolute 5 min Day 99.36%
All Average 5 min Day 42.82%

1 - Absolute occupancy: To compute this value, the entire site is assumed to be “occupied” if any sensor detects motion. The percentage listed
is equal to the number of nighttime bin periods where any receiver detected motion, divided by the total number of nighttime bin periods.

2 — Average occupancy: The percentage listed is the average of the individual receiver occupancy rates. These individual receiver occupancies
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.
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AGGREGATE RESULTS

SITE LARGE BUILDING FastTFoop K-12 OFFICE BIG Box OFFICE OUuUTDOOR
OFFICE SUPPLY ScHooL CAMPUS STORE BUILDING, B SHOPPING
BUILDING, FRANCHISE CENTER
A
Sponsor BPA BPA BPA BPA PGE PGE SCE SCE
Site location WA WA WA WA North CA North CA South CA South CA
Site type 1 4 5 6 lor8 2 1 lor4d
Site area 15 acres 9 acres 1 acre 40 acres 60 acres 20 acres 6 acres 75 acre
No. of receivers 8 11 3 6 31 29 22 17
No. of sensors 14 28 6 10 42 47 41 33
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TABLE 15: OCCUPANCY RATES PER BINNING RESOLUTION AND CALCULATION METHOD EMPLOYED

OccuUPANCY RATES
TIME OF BINNING CALCULATION LARGE M v v
OFFICE BUILDING OUTDOOR AX EAN IN
DAy RESOLUTION METHOD BUILDING, SUPPLY FAsT K-12 OFFICE B1G Box OFFICE SHOPPING
A FRANCHISE =~ FooD ScHooL CamMPUS STORE BuiLDING, B CENTER
Night  30seconds Absolute n/a n/a n/a n/a 17.82% 78.49%  16.51% 67.71% 785% 45.1% 16.5%
Night  30seconds Average n/a n/a n/a n/a 0.71% 10.75%  0.93% 20.64% 20.6% 8.3% 0.7%
Night 5 minutes Absolute 12.63% 60.82% 68.45 16.12% 55.99% 97.98% 56.07% 90.72% 98.0% 57.3% 12.6%
%
Night 5 minutes Average 3.33% 20.79% 57.27 5.60% 4.20% 30.88% 5.42% 41.96% 57.3% 21.2% 3.3%
%
Day 30 seconds Absolute n/a n/a n/a n/a 54.54% 97.51%  79.90% 91.71% 97.5% 80.9% 54.5%
Day 30 seconds Average n/a n/a n/a n/a 3.34% 21.85% 11.81% 24.14% 24.1% 153% 3.3%
Day 5 minutes Absolute 75.27% 98.86% 80.64 50.85% 91.90% 99.14%  99.24% 99.36% 99.4% 86.9% 50.9%
%
Day 5 minutes Average 41.02% 61.64% 78.86 19.65% 17.42% 53.51% 32.78% 42.82% 78.9% 43.5% 17.4%

%
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Nighttime Occupancy Rates, All Sites
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FIGURE 35: OCCUPANCY RATES FOR ALL SITES FOR NIGHTTIME (TOP) AND DAYTIME (BOTTOM) HOURS.



EVALUATIONS

Implementation of the Phase 1 methodology produced occupancy profiles for each host site, with the
aggregate results shown in Figure 15. The steps taken during the data processing portion of the Phase 2
technical approach developed a repeatable process to accurately identify abnormal data streams due to
hardware malfunctions and environmental interference and produce an accurate occupancy profile.

Analysis strategies described in this report produced occupancy profiles that are representative of actual
site conditions; however, more testing is needed to conclusively validate the methodology’s ability to
predict energy savings achieved by occupancy-based adaptive lighting systems.

Simulated Energy Savings

To demonstrate how a validated occupancy pattern data stream can be used to determine potential
energy savings, additional simulations were performed utilizing the occupancy pattern data collected
during Phase 2. The absolute and average occupancy calculation methods described in the data analysis
section of this report were maintained throughout the analysis, resulting in two occupancy patterns per
site focused on night only. Day and night time periods are defined by sunrise and sunset specific to each
day and site for the monitored period. The annual extrapolation of the occupancy pattern used in the
simulation of energy savings is based on the 11.7 average hours of derived from the 2010 U.S. Lighting
Market Characterization report.

Absolute occupancy provides 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. The absolute occupancy can be used to identify the site vacancy
rate by subtracting the absolute occupancy from one hundred percent. Average occupancy reflects 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.

Software simulations were performed to mimic motion sensor time delays used in occupancy-based
adaptive lighting systems. Time delays of 5, 10 and 15 minutes were selected for this simulation.
Simulations were performed assuming the occupancy-based adaptive lighting system operated at 20%
and 50% power when the occupancy pattern combined with the specified time delay resulted in a
vacancy.

To allow for the comparison of potential energy savings simulations achieved through fixture retrofit
and the addition of occupancy-based adaptive controls to the incumbent lighting system, the number of
fixtures and wattage of incumbent fixtures installed at each host site is required. For some host sites
this information was readily available, for other sites the incumbent baseline was estimated based on
limited host site information available at the time of this effort. A summary of the site assumptions is
included in Table 16.



TABLE 16: HOST SITE BASELINE ASSUMPTIONS FOR SIMULATED ENERGY SAVINGS

Assumed LED Retrofit Fixture

Power (Watt)

Night Occupancy Rate -

Absolute (%)

Night Occupancy Rate -

Average (%)

Number " Assumed
Baseline
of Incumbent ) Annual
. Fixture
Fixtures Technology Power Hours of
at Host Source Use
Site (Watt) (hours)
5
High LOVH"I_/ sha% LD::'/ th 5 10 15 5 10 15
Mode Mogde Mogde Minute Minute Minute Minute Minute Minute
Power ower ower Time Time Time Time Time Time
(w) P w) P w) Delay Delay Delay Delay Delay Delay
Host Site
) A:29 A: MH A:1080 | A:300 A:150 A: 60 5 . 5 5 5 .
Big Box Store s B s 5. 250 B 100 520 B 20 98.17% | 98.62% | 98.68% | 37.19% | 45.10% | 48.02% 2271
A:36 A:30' HID A:1080 | A:300 A: 150 A: 60
Office C. 62.18 75.99 83.94 3.969 8.029 10.619 4271
ce Campus B:22 B:12' HID B: 250 B: 100 B:50 B:20 % % % % & %
A 25'
Metal
A:20 :?';d; A: 400 A:100 A:50 A:20
Office Building, B B: 7 Metal B: 150 B:50 B:25 B:10 47.81% | 58.62% | 64.84% | 458% | 6.81% | 855% 2271
C: 8 R C:70 C:10 C:5 C:2
Halide
C: HPS
Bollard
OUtd"é’g:::pp'”g 713 Various 4931* 970 485 194 91.54% | 95.92% | 97.61% | 43.18% | 50.41% | 55.10% 2271
B”'L‘:;’:‘gcsi‘zzp'y 19 mfse' 200 70 25 14 67.15% | 73.10% | 77.34% | 2551% | 30.28% | 33.92% 2271
Metal
K-12 School 12 H;idae 400 120 60 2 23.22% | 28.30% | 31.97% | 932% | 12.28% | 14.75% 2271
Large Office Building, A 26 Induction 200 70 25 14 18.28% | 22.56% | 26.21% | 532% | 685% | 8.20% 2271
Metal
Fast Food Restaurant 6 Hjidae 400 120 60 2 94.79% | 97.23% | 98.49% | 86.62% | 91.76% | 94.73% 2271

*Power of all lamps connected to all receivers

Three energy savings scenarios were considered: an incumbent non-LED baseline lighting system
upgraded to an adaptive LED system, an incumbent static LED lighting system upgraded to an
occupancy-based adaptive LED lighting system, and an incumbent non-LED baseline system upgraded to

an occupancy-based adaptive LED lighting system highlighting the savings attributed to controls only.




Table 17 summarizes the potential energy savings for the eight host sites assuming a low mode of 50%
power is used during vacant periods based on the absolute occupancy calculation method.

TABLE 17: POTENTIAL ENERGY SAVINGS, ABSOLUTE OCCUPANCY WITH 50% POwWER Low MODE

Potential Energy

Calculated Calculated . . . A
) ) Potential Energy Potential Energy Savings: Static
Baseline Static Calculated . . . . )
Savings: Static Savings: Static LED Baseline upgraded to
Absolute Occupancy Annual LED Occupancy-Based )
- ) Baseline upgraded to upgraded to Occupancy-Based
Calculation Method Energy Energy Adaptive LED Energy .
Use Use Use Occupancy-Based Occupancy-Based Adaptive LED —
(kwh) (kwh) (kWh) Adaptive LED (%) Adaptive LED (%) Savings attributed to
Controls Only (%)
5 10 15 5 10 15 5 10 15 5 10 15
Minute Minute Minute Minute Minute Minute Minute Minute Minute Minute Minute Minute
Time Time Time Time Time Time Time Time Time Time Time Time
Delay Delay Delay Delay Delay Delay Delay Delay Delay Delay Delay Delay
Host Site
. 143,377 41,002 40,625 40,718 40,732 71.67% 71.60% 71.59% 0.92% 0.69% 0.66% 0.26% 0.20% 0.19%
Big Box Store
. 189,547 55,523 45,023 48,857 51,063 76.25% 74.22% 73.06% 18.91% 12.01% 8.03% 5.54% 3.52% 2.35%
Office Campus
) - 41,044 10,379 7,670 8,231 8,554 8131% | 79.95% 79.16% | 26.10% | 20.69% | 17.58% | 6.60% 5.23% 4.45%
Office Building, B
QOutdoor Shopping
358,038 70,454 67,475 | 69,016 69,611 | 81.15% | 80.72% 80.56% 4.23% 2.04% 1.20% 0.83% 0.40% 0.24%
Center
Building Supply
: 16,230 5,680 4,748 4,916 5,037 70.75% | 69.71% 68.97% 16.42% | 13.45% | 11.33% | 5.75% 4.71% 3.97%
Franchise
20,501 6,150 3,789 3,945 4,058 81.52% | 80.75% 80.20% | 3839% | 35.85% | 34.01% | 11.52% | 1075% | 10.20%
K-12 School
. o 22,209 7,773 4,597 4,763 4,905 79.30% 78.55% 77.91% 40.86% 38.72% 36.90% 14.30% 13.55% 12.91%
Large Office Building, A
10,250 3,075 2,995 3,032 3,052 70.78% | 70.42% 70.23% 2.61% 1.39% 0.75% 0.78% 0.42% 0.23%
Fast Food Restaurant




Table 18 summarizes the potential energy savings for the eight host sites assuming a low mode of 50%

power is used during vacant periods based on the average occupancy calculation method.

TABLE 18: POTENTIAL ENERGY SAVINGS, AVERAGE OCCUPANCY WITH 50% POWER Low MODE

Calculated | Calculated Potential Energy Savings:
Baseline Static Calculated Occupanc Potential Energy Savings: Potential Energy Savings: Static Baseline upgraded
Average Occupancy Annual LED Based Ada tiv: LEDy Static Baseline upgraded Static LED upgraded to to Occupancy-Based
Calculation Method Energy Energy Ener pUse to Occupancy-Based Occupancy-Based Adaptive LED — Savings
Use Use (k\%\\//h) Adaptive LED (%) Adaptive LED (%) attributed to Controls
(kwh) (kwh) Only (%)

5 10 15 5 10 15 5 10 15 5 10 15
Minute | Minute | Minute Minute Minute Minute Minute Minute Minute Minute Minute Minute

Time Time Time Time Time Time Time Time Time Time Time Time

Delay Delay Delay Delay Delay Delay Delay Delay Delay Delay Delay Delay

Host Site
Big Box Store 143,377 41,002 29,497 31,251 32,304 79.43% 78.20% 77.47% 28.06% 23.78% 21.21% 8.02% 6.80% 6.07%
Office Campus 189,547 55,523 28,152 28,988 29,645 85.15% 84.71% 84.36% 49.30% 47.79% 46.61% 14.44% 14.00% 13.65%
Office Building, B 41,044 10,379 5,306 5,390 5,466 87.07% 86.87% 86.68% 48.88% 48.07% 47.34% 12.36% 12.15% 11.97%
)

Outdoor Shopping Center 358,038 70,454 48,597 51,340 53,175 86.43% 85.66% 85.15% 31.02% 27.13% 24.53% 6.10% 5.34% 4.83%
Building Supply Franchise 16,230 5,680 3,549 3,685 3,790 78.13% 77.30% 76.65% 37.52% 35.13% 33.29% 13.13% 12.30% 11.65%
K-12 School 20,501 6,150 3,362 3,453 3,529 83.60% 83.16% 82.79% 45.34% 43.86% 42.63% 13.60% 13.16% 12.79%
Large Office BuiIding A 22,209 7,773 4,083 4,139 4,189 81.62% 81.36% 81.14% 47.47% 46.75% 46.11% 16.62% 16.36% 16.14%
Fast Food Restaurant 10,250 3,075 2,869 2,948 2,994 72.01% 71.24% 70.79% 6.69% 4.12% 2.64% 2.01% 1.24% 0.79%




Table 19 summarizes the potential energy savings for the eight host sites assuming a low mode of 20%
power is used during vacant periods based on the absolute occupancy calculation method.

TABLE 19: POTENTIAL ENERGY SAVINGS, ABSOLUTE OCCUPANCY CALCULATION 20% POWER Low MoDE

Calculated | Calculated Potential E Savi )

Baseline Static Calculated Occupancy- Potential Energy Savings: Potential Energy Savings: St:tisré:eli:zrfy ;\gzgio
Absolute Occupancy Annual LED Based Adaptive LEpD Ean Static Baseline upgraded to Static LED upgraded to Occupanc -BaseZgAda tive

Calculation Method Energy Energy P gy Occupancy-Based Adaptive Occupancy-Based Adaptive P y . P
Use LED — Savings attributed to

Use Use LED (%) LED (%) o
(kwh) (kwh) (kwh) Controls Only (%)
5 10 15 5 10 15 5 10 15 5 10 15
Minute | Minute | Minute | Minute | Minute | Minute | Minute | Minute | Minute | Minute | Minute | Minute
Time Time Time Time Time Time Time Time Time Time Time Time
Delay Delay Delay Delay Delay Delay Delay Delay Delay Delay Delay Delay
Host Site

Big Box Store 143,377 41,002 40,400 | 40,547 | 40,569 | 71.82% | 71.72% | 71.70% 1.47% 1.11% 1.05% 0.42% 0.32% 0.30%
Office Campus 189,547 55,523 38,723 | 44,857 | 48,387 | 79.57% | 76.33% | 74.47% | 30.26% | 19.21% | 12.85% | 8.86% 5.63% 3.76%
Office Building, B 41,044 10,379 6,045 6,943 7,459 | 85.27% | 83.08% | 81.83% | 41.75% | 33.10% | 28.13% | 10.56% | 8.37% 7.11%
Outdoor Shopping Center 358,038 70,454 65,687 | 68,153 | 69,106 | 81.65% | 80.96% | 80.70% | 6.77% 3.27% 1.91% 1.33% 0.64% 0.38%
Building Supply Franchise 16,230 5,680 4,188 4,458 4,651 | 74.20% | 72.53% | 71.35% | 26.28% | 21.52% | 18.13% | 9.20% 7.53% 6.35%
K-12 School 20,501 6,150 2,372 2,622 2,803 | 88.43% | 87.21% | 86.33% | 61.43% | 57.36% | 54.42% | 18.43% | 17.21% | 16.33%
Large Office Building, A 22,209 7,773 2,691 2,957 3,185 | 87.88% | 86.68% | 85.66% | 65.38% | 61.95% | 59.03% | 22.88% | 21.68% | 20.66%
Fast Food Restaurant 10,250 3,075 2,947 3,007 3,038 | 71.25% | 70.67% | 70.36% | 4.17% 2.22% 1.21% 1.25% 0.67% 0.36%




Table 20 summarizes the potential energy savings for the eight host sites assuming a low mode of 20%
power is used during vacant periods based on the average occupancy calculation method.

TABLE 20: POTENTIAL ENERGY SAVINGS, AVERAGE OCCUPANCY CALCULATION 20% PoweR Low MoODE

Calculated | Calculated Potential Eneray Savings:
Baseline Static Calculated Occupancy- Potential Energy Savings: Potential Energy Savings: Baseline u gr\;ded tog '
Average Occupancy Annual LED . pancy Static Baseline upgraded to Static LED upgraded to Pe .
] Based Adaptive LED Energy . . Occupancy-Based Adaptive
Calculation Method Energy Energy Occupancy-Based Adaptive Occupancy-Based Adaptive . .
Use Use Use LED (%) LED (%) LED — Savings attributed to
(] (] 0,
(kwWh) (kWh) (kwh) Controls Only (%)
5 10 15 5 10 15 5 10 15 5 10 15
Minute | Minute | Minute | Minute | Minute | Minute | Minute | Minute | Minute | Minute | Minute | Minute
Time Time Time Time Time Time Time Time Time Time Time Time
Delay Delay Delay Delay Delay Delay Delay Delay Delay Delay Delay Delay
Host Site
Big Box Store 143,377 41,002 22,595 | 25,401 | 27,085 | 84.24% | 82.28% | 81.11% | 44.89% | 38.05% | 33.94% | 12.84% | 10.88% | 9.71%
Office Campus 189,547 55,523 12,499 | 13,835 | 14,888 | 93.41% | 92.70% | 92.15% | 77.49% | 75.08% | 73.19% | 22.70% | 21.99% | 21.44%
Office Building, B 41,044 10,379 2,262 2,396 2,518 | 94.49% | 94.16% | 93.87% | 78.20% | 76.91% | 75.74% | 19.77% | 19.45% | 19.15%
) 358,038 70,454 35,482 | 39,872 | 42,808 | 90.09% | 88.86% | 88.04% | 49.64% | 43.41% | 39.24% | 9.77% 8.54% 7.72%
Outdoor Shopping Center
- ) 16,230 5,680 2,270 2,488 2,655 | 86.01% | 84.67% | 83.64% | 60.04% | 56.21% | 53.26% | 21.01% | 19.67% | 18.64%
Building Supply Franchise
K-12 School 20,501 6,150 1,689 1,834 1,956 | 91.76% | 91.05% | 90.46% | 72.54% | 70.18% | 68.20% | 21.76% | 21.05% | 20.46%
y ) _— 22,209 7,773 1,869 1,959 2,038 | 91.58% | 91.18% | 90.82% | 75.96% | 74.80% | 73.78% | 26.58% | 26.18% | 25.82%
arge Office Building, A
10,250 3,075 2,746 2,872 2,945 | 73.21% | 71.98% | 71.27% | 10.71% | 6.59% 4.22% 3.21% 1.98% 1.27%
Fast Food Restaurant




Figures 36, 37 and 38 show the potential range of energy savings the sites can achieve by implementing
an occupancy-based adaptive lighting system. The energy savings range captures varying control
strategies that can be implemented during the commissioning of occupancy-based adaptive lighting
systems for both 50% and 20% power low modes, based on absolute and average occupancy patterns.
The minimum savings of the energy savings range assumes all lights at the site are operating at full
output if there is at least one occupant detected in the monitored area with an occupancy sensor using a
15 minute time delay. The maximum savings of the energy savings range assumes each fixture only
operates in high mode when the sensor monitoring the immediate area to the fixture detects occupancy
with an occupancy sensor using a 5 minute time delay.

Potential energy savings per receiver simulations for the Big Box Store are included in the Appendix.
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Figure 39 shows the range of energy use reduction each site can expect to experience for 50% low mode
power levels. Varying levels of expected energy use reduction have been simulated for 5, 10 and 15
minute time delays.
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FIGURE 39: POTENTIAL ENERGY SAVINGS FOR 50% POWER Low MoDE WITH VARIED TIME DELAY (KWH)



Based on the simulations performed in this analysis, Figure 40 focuses on the control strategy scenarios
that result in the minimum and maximum potential energy use reduction control strategies for both
50% and 20% low mode power levels at each host site. The minimum of the energy savings range
assumes all fixtures at the site are operating at full output if there is at least one occupant detected in
the monitored area, utilizing the absolute (abs) occupancy rate with at 15 minute time delay simulation.
The maximum of the energy savings range assumes each fixture only operates in high mode when the
sensor monitoring the immediate area to the fixture detects occupancy, utilizing the average (avg)
occupancy rate with 5 minute time delay simulation.

The potential energy use reduction is categorized into savings attributed to the fixture upgrade, and
savings due to the addition of occupancy-based adaptive controls.
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Further validation of the method requires the installation of occupancy-based adaptive lighting systems
at the sites monitored, side-by-side with the data acquisition system outlined in the Phase 2 technical
approach. This will allow for the comparison of monitored energy use to the estimated energy savings
calculated using the occupancy profiles collected.

A secondary finding identifies the need for additional research into sensing technologies appropriate for
outdoor applications. The detectable environmental interference from tree branch movement on windy
days indicates the need for additional research into exterior occupancy sensor technologies, such as
microwave-based technologies, that can be configured through hardware and firmware settings to
disregard these typical environmental triggers.

RECOMMENDATIONS

While the collected data can be used to simulate different time delays, it is limited in providing accurate
energy savings predictions due to the limited host site sample set. It is recommended that Phase 3
extend the method to validate the accuracy for potential energy savings predictions. This requires 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
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
produce an accurate representation of the site’s annual occupancy profile.

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 incorporated 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.






APPENDIX 1

The following section includes line plots of all data collected. No data processing has been performed
beyond file format conversion, consolidation and formatting necessary for graphing. The start and end
dates in these graphs include any stray signals recorded during equipment installation and removal, and
therefore cover a wider date range than was considered for data analysis.

The raw data for each site consists of n columns, where n is the number of receivers installed at that
site. Each row consists of an integer with units’ “counts per bin period.” The bin period was either 30
seconds or 5 minutes.
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Percent Reduction in Annual Energy Consumption
Adaptive LED lighting vs. Static LED
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