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EXECUTIVESUMMARY

Occupancypased daptive lightings an evolvingstrategy that improves energy efficientyboth indoor
and outdoorapplications. This strategy is implemented throughlbivel lighting controlising dimmable
or dual light sources and motion sensing technologies tédticelight levelsduringvacancy periods
and provide full light output only during occupancy pericslgystantially reduieig energyconsumption

For outdoor lightinghisenergysavings strategy is most effectiirespacesvith intermittent occupancy
patterns during evening and nighttime, and minimum light requiremdotsafety or other reasons
such as arkinglots and garagesuilding perimeter and local auxiliary areas such as courtyards
pedestrian pathways.

As @cupancybased adaptive outdoor lighting is demonstrating promise for significant energy savings
utility companiesare interested in supporting extensive implementation through rebate and incentive
programs. As rebates and incentives are based on pategriiergy savingsitility partnersinitiated 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: Developinitial methodological approach for determinirautdoor occupancy profiles
Completed in December 2011

Phase 2 Evaluateand finalizemethodological approach through implementationarsmall
number of selected spaces
In final stages; this document is the finaport.

Phase 3 Implemen final methodological approacim a large number odutdoor spaces to
generate required information faatility incentive and rebate prograns
To be discussed after completion of Phase 2.

This document is the final report of Pd@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:

1 Selection of appropriateross section of space types and locations
9 Installation of motion sensing and data collection technologies

9 Data collectionprocessingand analysis

1 Development of occupancy profiles
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Site selection involved all collaborating utilities and resultetthénselection of the following eight sites:
Bonneville PoweAdministration

9 Large Office Building, A

1 Building Supply Franchise
i Fast Food Restaurant

1 K-12 School

Pacific Gas and Electric

9 Office Campus
1 Big Box Store

Southern California Edison

i OfficeBuilding, B
9 Outdoor Shopping Center

Motion detection and data acquisition technologies were installed in selected areas with pedestrian and
vehicular traffic at each siteData 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 reggentindividual site occupancy patterns and can be used to estimate
potential energy savings achievable throughaviel lighting controls. The data analyses show that
energy savings depend significantly on implementation of control technologies, elbpdwanon
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 thmallhostsite sample set. s recommended that Phase 3 extend
the method to validate the accuracy for potential energy savings predictreqsiiringthe installation of
occupancybasedadaptive lighting systems sid®y-side with the data acquisition system outlined in this
report. This will support the evaluation of monitored energy use ofdheupancybased 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 pliaicessing 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 techritapproach described in Phase 2 be compared to energy logs of
occupancybased adaptivdighting systems installed and logged at similar sites for the same time frame.

Theoccupancybased adaptivdighting systems should be deployed at multiple testssitgthin each
identified market suksector, 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 afccupancybased adptive exterior lighting systems based on Phase 1 work. Sites
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that have historic occupancy profiles, such ashbstsites used in Phase 2, should be prioritized to
allow for the comparison of seasonal data at these locations to determine if 90 dayBagstutime to
LINE RdzOS |y I OOdz2N} 4§S NBLINBaSyalraAz2y 2F GKS ardasSqa

It is recommended that installations of tleecupancybased adaptivéighting systems use varying
motion sensing technologies, dimmable lighting sources and corwation network architectures.
Installations obccupancybased adaptivéighting systems equipped with varying sensing technologies
will allow for the study of the effect of using various different sensor technologies appropriate for
outdoor applicationslt is recommended that installations of tkecupancybased adaptivdighting
systems incorporate the use of varying control strategies. Control strategies, such asléxalr@nd
zonal control, are key areas where research is needed to concluditelymine if they have a
pronounced effect on energy savings.
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INTRODUCTION

Occupancypased adaptivdightingrefers to lighting systems that adjust their light output based on
changes in the spaces they serve, such as occupancy, daylight, etc.it Whileslatively newstrategy,

it shows significant promise fancreagd energy savings iimdoor and outdoomlpplications.Many
occupancybased adaptivdighting products are being developed and have been introduced into the
marketplace, allowing dyamic Ighting operation that offers substantiahergy savings oveton-
adaptivesystems.

Occupancypased adaptive lighting shows promise for significant savings in outdoor applications and
utilities are considering implementation technologies for indusi 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.

Occupancypased aaptive lighing isan evolvingstrategy that improves energy efficienityboth indoor
and outdoorapplications.This strategy is implemented througiccupancybased adaptivdighting
systemausing dimmable or dual light sources and motion sensing technologieseithatelight levels
during vacancy periods and provide full light output only during occupancy pesiadistantially
redudng energyconsumption

For outdoor lightinghisenergysavings strategy is most effectiirespacesvith intermittent occupancy
patterns during evening and nighttime, and minimum light requiremdotsafety or other reasons
such as arkinglots and garagesuilding perimeter and local auxiliary areas such as courtyards
pedestrian pathways.

As occupancypased adaptive outdodighting is demonstrating promise for significant energy sayings
utility companiesare interested in supporting extensive implementation through rebate and incentive
programs. As rebates and incentives are based on potential energy savings, Paecifid Gztric

(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:

Phasel: Developinitial methodological approach for determinirayitdoor occupancy profiles
- Completed in December 2011

Phase 2 Evaluateand finalizemethodological approach through implementationdarsmall
number of selected spaces
- In final stagesthis document is the final report.

Phase 3 Implemen final methodological approacim a large number odutdoor spaces to
generate required information faatility incentive and rebate programs
- To be discussed after completion of Phase 2.
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This doament 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 Rhasee:

T
1
T
T

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: PHASE1 SUMMARY

The simplified methodlo measureexterior site occupancy ratesstablished in this study is a new
concept developed thelp utilities calculate expected energy savirfgem occupancybased adaptive
exterior lighting project. The concept was derived from an initial market assessmerformedby the
California Lighting Technology Cenf€L. TEin Phase bf this project This market assessment was
performedon behalf of Bonneville Power Administration, Pacific Gas and Electric Company and
Southern California Edisol focused ondentifying swvings opportunities in lighting applicatiotisat
wereidentified following the market sector prioritization metholdgyy.

MARKETSECTORPRIORITIZATIONMETHODOLOGY

To determine whereoccupancybased adaptiveontrol strategiediavethe greatest potentialmpact on
energy savingm the exterior environmentthe three factors considexd were

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

Applications with thegreatest potential to realizenergy savingare characterized bg largemarket
sector sizelimited evening hours of operatigiand low vehicle opedestrian traffic during nighime
hours.Installingoccupancybased adaptivdighting system#n applicatiors with low occupancyates
resultsin greaterenergy savingghan in environments with higher occupancy rates

MARKETSECTORSIZEASSESSMENT
The market sectors considered in tagsessment arthe residential, commerciand industrial building
sectorsand the outdoor sectar OO2 NRAY 3 (2 GKS ZSWSNighiggyviarkee ¥ 9y S NBH
Characterizatiomeport, the commerdal sector makes up half oftional lighting energysein the
United StatesThe hdustrial andoutdoor sectois each constitute approximately two perceat the total
nationalinstalled sto& of lamps, buthe industrial sectoaccounsfor eight percent of total lighting
energy use and the outdoor sectaorestitutes 17 percent of U.S. lighting energy (see figure 1)This
is due to thecommon use ohighrintensity discharge (HIDBmps and thednger operating hours typical
of the industrial and outdoor markesectors.

Figure 1displays the breakdown afie lampinventory estimates, total lighting electricity consumption,
and the lumens produced by sector. Note that the listed values focdinemercial andndustrial sectors
in this dataset include only interior lightingutdoor lighting is representedsaa separate market sector
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Number of Lamps Energy Use Lumen Production

@ Residential

® Commercial 25% B0%
@ Industrial @ 2% . 11%
® Outdoor ® 2% . 21%

FIGURE 1: U.S. LIGHTING LAMP INVENT ORY, ELECTRICITY CONSUMPTION AND LUMEN PRODUCTION1

800 ¢ mincandescent

@ Halogen 118 700
700 |  mCompact Fluorescent e

@ Linear Fluorescent -
600 4 @HID

O LED/Other

L
[=]
(=]

m

=]

=
L

[

[

[=]
L

Annual Electricity Consumption
(TWh/yr)
I
=]
(=]

=

=]

(=]
1

Residential Commercial Industrial Qutdoor Total

FIGURE 2: U.S. LIGHTING ELECTRICITY CONSUMPTION BY SECTOR AND LAMP TYPE2

! Figure 52. Building Technologies Progra?@10 U.S. Lighting Market CharacterizationS. Department of Energy, January 2012. PDF file.
http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/20i@c-final-jan-2012. pdf
2 Figure 53. Building Technologies Progra?@10 U.S. Lightinlarket Characterizatiorl).S. Department of Energy, January 2012. PDF file.
http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/20i@c-final-jan-2012. pdf
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PARKING AREAS
Alarge sectoof exterior commercial lighting illuminasgoarking lots and abovground parking garages.

There is currently no national or statewide inventory of all parking facility lighting, as confirmed by the
International Parkindnstitute.® Nor is there acommonly accepted number of total U.S. parking spaces
estimates can rargfrom 100 million to 2 billiorStill, data fromDepartment of Energy (DB sources
andinformation provided by the Commercial Building Energy Alliance (CBEA) and a University of
California studyndicate an estimated total of 420 million parking spaces are in U.S. commercial parking
lots and garage$

A 2011 DOEeport estimated there wee 395 million parking lot spacés the U.SThisincludes non
commercial spacesEstimates received frotihe Commercial Building Energy Alliamegicate that 20%

of the 395 million spaces can be assumed to be-cmmmercial parking spacesatRing garagspaces

are not includedn the DOE reporiThe total number ofparkinggaragespacesn the U.Swasestimated
based orthe CBEA and the University of California gsdl'able 1 summarizes the estimated number of
parking spacem U.S. commercial parkingts and parking garageas well ashe number ofinstalled
lamps(based orthe estimated number of parking spagesnd calculated annual energy consumptiam
terawatt hours (TWhjor these applications

TABLE 1: PARKING AREAS T INSTALLATIONS AND EN ERGY CONSUMPTION

PARKING AREA TYPE ESTIMATED NUMBER QUANTITY OF ANNUAL ENERGY
OF PARKING SPACES LAamPS CONSUMPTION

Commercial Parking Lo 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 aode per every twentyparking lot spaces. Applying thegaidelines

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

Nationally,outdoor lighting represents 17% (about 118 TWh of electricity) of all energy used by lighting
tasks® According to the CBEAarking area lightingonsumesapproximately 68 TWh annually, or
approximately 58% of adinergy consumed for outdodighting. Parking gage lighting is not included

in this value as parking garages are considered unconditioned, interior spdesn parkingarage

lighting is includediotal annual lighting consumption for parking lightingesimated at96 TWh.

3 Page 18. Building Technologies Progra@10 U.S. Lighting Market CharacterizationS. Department of Energy, January 2012. PDF file.
http://appsl.eere.energy.gov/buildings/publications/pdfs/ssl/20i@ic-final-jan-2012.pdf

4 Page 18. Building Technologies Progra@10 U.S. Lighting Market CharacterizationS. Department of Energy, January 2012. PDF file.
http://appsl.eere.energy.gov/buildings/publications/pdfs/ssl/20dc-final-jan-2012.pdf

° Table ES.1Building Technologies Prograg@10 U.S. Lighting Market CharacterizationS Department of Energy, January 2012. PDF file.
http://appsl.eere.energy.gov/buildings/publications/pdfs/ssl/20d@c-final-jan-2012.pdf
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Commercial retail estalshments outnumbecommerciahon-retail establishments by more thamvo

to one. Public schools and healthcare facilities are even smaller in nuffibemmarket size metrics

outlinedin table 2are critical when considering the potential impact of marke¢cific energy savirsy

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 parkivigt based on the number of establishments

alone, the potential impact of a whoilmarket moveto occupancybased adaptivexterior lighting

appears to be significantly larger for retail and office spdlas for other market segmentsonsidered

below.

TABLE 2: MARKET SIZE FOR SELEC T MARKET SEGMENTS

ESTABLISHMENT TYPE NUMBER OF
ESTABLISHMENTS

CA retail establishmerifts 607,893

CA non-retail commercialestablishment$ 284,104

CA public schools ¢&2): 10,206

CA healttcarefacilities”: 5,685

HOURS OFBUSINESSD PERATION

The hours of business operation affect pedestrian and vehicle traffic velahafacility. Longer hours

of operationgenerallyentail Hghervolumes of evening traffic. Thikecreass energy savingsas
occupancybased adaptivéduminaires operate in high moder longer periods of timén areas with

higher occupancy rates spread over longer hours of operalibat said facilities with longer hours of
overall lighting operatioralso havenore opportunityto realize energgavingswith occupancybased
adaptivelighting controlsError! Reference source not foundsts typical operating hours per day for
each lamp type in the blding exterior and parking sekectors of commercial and industrial spaces. This
data represents average daily operating hours throughout the year and accounts for differences
between highuse and lowuse days. The data is based on geographically and salfsadjusted

metering statistics collected in Southern California.

6 EC0744SLLSRetail Trade: Subject SerieProduct Lines: Product Lines Statistics by Kind of Business for the United States and States: 2007.

American FactFinder. U.S. Census Bureau, 2007 Economic Census.

! dun/nzrdzyde .dzaAySaa tl GG S NgisiBuréaw.!ULS/ Deprdnient pf Cdmimérée, n{dii Weib&éh 2014 y
http://www.census.gov/econ/cbp/

8dC7\yEISNI17\LJ CHOtGa 2y 9RdzOFGA2Y AY [ FEAFT2NY ALl 025 March20RAC Oliad / Ff AF2NYA
http://www.cde.ca.gov/ds/sd/cb/ceffingertipfacts.asp

S4crortade [AddAy3adég | SIEGKOFNB LYTFT2NXIGA2Y 5 kl@omant, 2ayudry 2014 6 S 2F /| £ A
Web. 27 March 2014. http://www.oshpd.ca.gov/hid/Products/Listings.html
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TABLE 3: AVERAGE DAILY LIGHTIN G OPERATING HOURS PER LAMP BY SUBSECTOR 10

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 18.0 135 15.0 16.0 N/A 16.3 13.1 15.7
Average 12.2 13.1 9.0 134 11.2 119 125 9.1 126 11.0 12.2

Astable 3indicates, 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 averagesilwan commercial building type

(listed intable 4), we can establish which building types typically have belegrage levels of
occupancyEducational buildings €2 schools), offices, warehouses (industrial) and mercantile (retail)
spaces all have belaverage levels of effective lighting hours per week.

TABLE 4: WEEKLY HOURS OF OPERA TION BY COMMERCIAL M ARKET SECTORl:L

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 Progra@i0 U.S. Lighting Market CharacterizationS. Department of Energy, January 2012. PDF file.
http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/20ic-final-jan-2012.pdf

1" Figure 3Lighting in Commercial Buildingsnergy Informatio\dministration, Office of Energy Markets and End Use. U.S. Department of
Energy, March 1992. PDF fitétp://medtclighting.com/wp-content/uploads/2010/06£nergy consuption relamping.pdf
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VEHICLE ANDPEDESTRIAND CCUPANCY
Market sectors with lower occupancy rates during nighttime hours stand to save the most energy by
implementing occupanegensitive controls in their exterior lighting systerRdiable data on the effects
of pedestrian traffic in parking spaces is limifed most exterior space type3he results of this study
will increase the available data on pedestrian traffic patterns in commercial spaces.

MARKETSUB- SECTORPRIORITIZATIONM ETHODOLOGY

Market information was collectetb determinethe number of commercial establishments in

Californig™® the number of schools in Califorrigtheir energy sageby Functional Use Area (FUfA)he
energy demand bUA™ andthe average lighting gwer density (LPD) by building type and F9%&he
square botage of the functional use areas for the various building types came from estimations using
Google MapsPower (kW) was then calculated using estimated square footagdigiitthg power
density(LPD).

The tourly demandprofile'” provided the percent of pek demand for each FUARhe demand per hour

was calculated for FUA assuming that the percent of peak demand is the same for eaEhdflAuse

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

by the demand per hour for each building typésing this dta, it was possible to calculatiee

estimated demand baseline, the estimated demand based on occupancy, and the potential demand
savings for each building type and FUA per htiwas also possible to calculate the estimated energy
baseline, the estima&d energy based on occupancy, and the potential energy savings for each building
type and FUA per houthe final calculations included the correction factdrsvas assumed that when

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

12c'anmn | 2dzyie . dzaAyS&aa tFGaGaSNya ob! L/ {odé | yAGSR {GFrGSa / Syadza . dz2NBI
http://www.census.gov/econ/cbp/

13(’157\3§éﬂ 2F 9RdzOF A2y {GFGAAGAOADE blFGA2YIE [ Sy i SN B@atibnInRIdzOF GA2y { (|
Web. 25 March 2014ttp://nces.ed.gov/programs/digest/

14 Tabe 4.0utdoor Lighting Baseline Assessmémtiegrated Energy Systems Productivity and Building Science. California Energy Commission
Public Interest Research Program, November 2002. PDF file.
http://www.energy.ca.govi/title24/2005standards/archive/outdoor_lighting/documents/2003-06 LGHBASELINE.PDF

15 Figure 30utdoor Lighting Baseline Assessmémtegrated Energy Systems Productivity and Building Science. California Energy Commission
Public Interest Research Program, November 2002. PDF file.
http://www.energy.ca.govi/title24/2005standards/archive/outdoor_lighting/documents/2003-06 LGHBASELINE.PDF

16 Table 130utdoor Lighting Baseline Assessmémtegrated Energy Systems Productivity and Building Science. California Energy Commission

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

1 Figure 30utdoor Lighting Baseline Assessmémtegrated Energy Systems Productivity and Building Science. Califoengyy Etommission
Public Interest Research Program, November 2002. PDF file.
http://www.energy.ca.govi/title24/2005standards/archiyeutdoor_lighting/documents/200305-06 LGHBASELINE.PDF
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Notethat 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 patteendata used
for this analysis is just an estimate.

TABLE 5: POTENTIAL DEMAND AND ENERGY SAVINGS

MARKET SEGMENT BUILDING TYPE NUMBER oF CA DEMAND ANNUAL ENERGY  PERCENTAGE OF 2010
ESTABLISHMENTS SAVINGS SAVINGS COMMERCIAL EXTERIOR
(2010) POTENTIAL  POTENTIAL LIGHTING
(MW) (GW R) (5,849 GWH)
Commerciak Small office 140,722 34 123 2.1%
Non-retail Large office 162,136 73 257 4.4%
Retail Fultservice 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 (K12) | grge schools 2,000 12 33 0.6%

Academic Institutions

K12 schoolsare excellent candidates for outdooccupancybased adaptivdighting, 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 (retakafmple). California has
10,296public K12 schools? which typically operat about 61 hours per wée"

Commercial SpacesNonretail

NonrNB G FAf O2YYSNODALFE aLI OS&a YIS dzLJ I AA3IYATFAOI yi
Office spaces are an especially attractive-sabtion of this market segment because of tHew hours
of operation (69 hours per weefj.

B GCAyYaISNIAL] CHOGA 2y 9RdOFGA2Y AY /FEAFR2NYAF®E /[t 9RCFOGAD / FEATF2NY

http://www.cde.ca.gov/ds/sd/cb/ceffingertipfacts.asp

19 Figure 3Lighting in Commercial Buildingsnergy Information Administration, Office of Energy Markets and End Use. U.S. Department of
Energy, March 1992. PDF fitétp://medtclighting.com/wp-content/uploads/2010/06/energy consuption_relamping.pdf

2 Figure 3Lighting in Commercial Buildingsnergy Information Administration, Office of Energy Markats Bnd Use. U.S. Department of
Energy, March 1992. PDF fitétp://medtclighting.com/wp-content/uploads/2010/06/energy consuption_relamping.pdf
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Industrial Spaces

Like nonretail commercial spaces, industrial warehouses, especially those used for manufacturing and
storage, have belovaverage hours of operation and tend to require large parking ar@as f
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

Occupancypased adaptivexterior lightingsystens have demonstrated their potential to achieve
substantial energy savings and are being implemented on a growing Fhalenergy savings of
occupancybased adaptivdighting strategies arelearly tied to occupancy pattern®ecause of this,
utilities and similar stakeholders are developagnethod to quantify the expected energy savings
associated with this emerging technoloigya repeatable and reliable manner

Duringthe first phase of the Exterior Occupancy Sunempleted in 2011, a methodologyas
developedto quantify pedestrian andutomohile occupancy rates faron-residential exterior spaces.
Forexterior spaces and applications to be included in the site supdiegsnethodology includd
recommended survey metrics, data collection and analysiseduresappropriate data collection
equipment, equipment placement, and other necessaignitoring requirements

The implementation and evaluation of the methodolatgveloped in Phaseis the product under
evaluation in this technology assessmanftithout reliable occupancy pattern informatioutilities are
unable to create a deemed incentive fmccupancybased adaptivexterior lighting systems

2 Figure 3Lighting in Commercial Buildingsnergy Information Administration, Office of Energy Markets and End Use. U.S. Department of
Energy, March 1992. PDF fitétp://medtclighting.com/wp-content/uploads/2010/06/energy consuption_relamping.pdf

= California Commercial End Use Suritegn, Inc. California Energy Commission, March 2006. PDF file.
http://lwww.energy.ca.gov/2006publications/CE4D0-2006:005/CE€100-2006:005.PDF
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ASSESSMENDBJECTIVES

This study serves to evaluate the proposed methodology in identified applicatati;ed in the
Background sectiorwith the greatest potentiafor energy savings based togged occupancy triggers
and calculateaccupancy rates

The mehodology requires a system of equipmetat be used thatan detect and logccupancytriggers
Data reductionand analysiss requiredto procesghe occupancy trigger logd he type of sensor
technology useduch agassive infrared, ultrasonic, dual technolpgy microwave, as well as the
strategy selected for data analysis will both influence occupancy profile reGaltsmerciallyavailable
sensoraisedto log occupancy triggers and various approaches to computational analysis will be
evaluatedto conclusivéy determine the best implementatioof this methodology.

TECHNOLOGY BEVALUATION

In response tancreaseduse ofoccupancybased adaptivexterior lighting products and their potential
for substantial energy savinggjlity companiesare interested in creating incentive programs focused
on occupancybased adaptivexterior lighting technology.

To achieve this goal, a simplified method is necessary for utilities to easily calculate expected energy
savings and associated incentivese fiiethod developed in Phastoutlines a recommended set of
design steps, equipmesipecificationand data analysis needed tharacterize occupancy patternisat

will, in turn,allow for the estimation oénergy savings iautdoor applicatiors.

The methoalogy employs the use of occupancy sensing technologies, data acquisition equipment and
computational analysis to redua@nd analyzelata collected over time into a representative occupancy
profile. Held deployments haveden conducted ahostsitessele¢ed 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 conducted in two parts:
the implementation of the metbdology and the datarocessingThe 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 inchabithe use of collected occupancy profiles to calculate occupancy rates.

IMPLEMENTATION OPMMETHODOLOGY

The steps taken to implement the Phakmethodologyare provided below

STESELECTIONS STEPLAN DEVELOPMENT
Hostsiteswere selected based on theidherence to the criteria summarized the Backgroundsection
of this report.Site plan development includéise compilation of the followingnstallation details: the
coverage patterns of each sensor, the pole or other structure serving as the molotatmpn for each
sensor, and the approximate location where the receivers need to be mounted.

EQUIPMENTINSTALLATION
A site visit wasnade by CLTC to perform verification testiadinalize the proposed mounting locations
based orsite conditions and gjnal stength. The site plan was modified according to thsitn findings.

Third party contractorand/or utility personneinstalled the occupancy data acquisition hardware at
each site. An initial review of retime preliminary data gathered after thastallation of equipment
was performed and the site plan was revised as appropriate.

Thedata acquisitionsystem (DA) utilizesa network of batterypowered, outdootfrated passive
infrared (PIRMotion sensors with integrated wireless transmitéModel: Optex TE20U). The sensor
field of view can be configured fadongrange beam pattermor a shortrange fan pattern. The sensor
signalswvere monitored remotely with indoorrated receivers (Model: Optex RRDU) that require a 120
Volt alternatingcurrentsource. Each receiver can be paired withto nine sensordatawasrecorded
from the receivers with batterpowered data loggers (Model: HOBOX126017Mor HOBQ; U30).
TheDAQequipment is depicted ifigure 3.

All sensorsvere divided intogroups, typically consisting o€3 sensors. Each sensor graugeda

common receiver. The receivezmit a voltage pulse whenever any sensor in the group detects motion.
The triggering events are logged by ttegalogger. Figurd shows the configuratioand interaction of

the various DAQ@ystemcomponents.
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FIGURE 3: DAQ EQUIPMENT: (LEFT) DATA LOGGER

OUTDOOR
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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 renéitger
pulse to the connected data logger. The data logger regisherreceiver puls@ndincreases the count
by one for that bin period. The data logger recotigls date and time for the start of the bin period, and
the number of counts detected during that bin peridd30secondbin periodwasusedfor four sites

and a5-minute bin periodwas usedor 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 eadfostsite for a 90day period Data was downloaded intermittently to verify

operation of equipment
The raw data file from a singtkata logger is showim 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 DA TA LOGGER

EQUIPMENTREMOVAL
Third party contractors were hired to remove the occupancy data acquisition hardware at each site

Equipment was shipped back to prajengineers 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 tlsensolidation of the raw data streangeneratedfrom the multiple

data loggesinto one masteExcel file The number of raw data streamaried from site to site, based
on the size of the monitored areAt each site, the consolidated data streams wérert analyzed for

inconsistent start and stoptime® Y 3A Y SSNA 4G iGNAYYSRE (GKS NI ¢ RIFGLF

was conducted for the time frame when all data receivers were actively collecting data from their
respective sensorgd his was accomplishdxy referencing the time stamp for each dameam.Once

the time of operation was determined for each of the receivers, the mdsteel file was trimmed down
to only include data from dates when all receivers were operational.

DATA PLOTTING
Graphs werereated 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, eithitatlab or Excéfor this analysisThe selection of the
software tool was dependent on the file size of each host site.

ey roer — e
s

FIGURE 6: MATLAB GRAPH OF DATA STREAM FROM BIG BOX STORE HOST SITE RECEIVER NO. 34, FOR 30-SECOND BINNING
PERIOD, 9/9/20131 1/30/2014

DATA STREAMANALYSIS
After completingthe data reductionconsolidated data streams were analyz&tlis process consisted of
reviewing the data streams, graphs and site conditions for each rec@&iveranalysis prioritized the
identification ofabnormalities or errors within the datstreams These abnormalities were compared to
installation maps and logs to aidigtentifyingthe source of the abnorméy.

Data streams with abnormalities are indicative of receivers that logged data uncodétaexpected
activity trends within the receiv& operating area, or extremely uncorrelated to observed trends from
data logged by other receivers in its spatial proxintiyurcesof observed abnormalities or errors were
identified asaweak signal bet@en sensor and receiver, loss of power to data acquisition hardware
componentsand sensor interference.

Types of sensanterferenceincludeda range of issues, from tree brancheggering sensors and
causing abnormally large spikesoccupancydata o construction limiting2 O O dzLacofsgditise
detection areacovered by @ensor. These instances of data interference were determined through a

18
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combination of observations made during the installatidaringthe removalof the monitoring
equipment and in reviewing the data.

g o e e
~ o

Em [ ] W |

=

o ] o W |
45

Counts per 30 sec Bin

FIGURE 7: GRAPHS OF DATA STREAM S FROM RECEIVERS RO7 AND RO8 AT OFFICE CAMPUS SITE, FULL VIEW (TOP) AND
ZOOMED IN ON RO8 (BOTTOM). RECEIVERS RO7 AND RO8 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 RO8.

Data acquisition equipment issues also contributed to data streams being omitted from the analysis of
the sites. Thesequipment issues consisted 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 RECEIVERG 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 withan Excel file for each of the receiver data streams for
reference.
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FIGURE 10: EXAMPLE OF DATA STREA M REVIEW OF DOCUMENTATION FROM OFFICE CAMPUS SITE. THE RECEIVERS
HIGHLIGHTED IN YELLOW REPRESENT RECEIVERS WITH DATA STREAMS THAT SHOULD BE INCLU DED 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 observationsadd tr
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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 occupany profiles of each sitenew metrics were defined to allow for the most
accuratecharacterization of th@ccupancybased adaptivexterior lighting applications identified in
Phasel of this effort. These metrics are constricted by the binning resolution of raw data collected at
the site and the timeof-day definitions.

Binning resoltion of occupancy trigger data is limited by the deployment settings of the data
acquisition hardwareFor the data collected in this study, foutes were deployed using the 3&cond
binning setting and four sites were deployed using 3hainute settirg. Analysis can be performed
createany binning period greater than the resolution of tteav data Forsites with30-second binning
resolution dag, aralysis is performed for 38econd and-minute resolutions closely simulating time
out periods of eterior occupancy sensors available todayr sites wittb-minute resolution data,
analysisvasperformed for5-minute resolution only.

Occupancy rates were calculated based on the definition of the period of inté@siccupancybased
adaptiveexterior lighting systems, this is assumed to be nighttiDeta was collected continuously
each site, allowing for both day and nigitcupancycalculationsDay and night time periods are
defined by sunrise and sunset specific to each day andB&te.can be analyzed on an hourly bakis
determined necessarpata streams caalsobe binned into applicable dayf-use categoriessuch as
weekends and weekdayBor this analysis occupancy rates were calculatitout discriminating
between weekday rad weekends.

Both Hbsolute occupan@ates anddverage occupan€yates were calculated for theight
participatinghostsites. Absolute occupancy ratpeovideestimates of occupancy fohe whole site
based ordatawhich indicates occupancy anywheréhin the monitored areaWith absolute
occupancy, the entire site @nsidered occupied any sensor detects motiodverage occupancy rates
reflectan averagef data collected at the receiver levigr the whole site With the average occupancy
cdculation method,the occupancy ratés equal to the number of bin periodgth occupancy detected
by any receivemwithin the timeframe undeiconsideration divided by the total number of bin periods
that timeframe

Average site occupancy reflects data collected by individual recelverNB O &cau@efdy Xatks
determined by taking the number of nighttime bin periods where motion was detected by any sensor
connected to that receivegnd dividing ity the totalnumber of nighttime bin periods.
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RESULTS

Within this section of the report, each of the eight participathmgst sites is addressed individualfyor
each siteasummary of site parameters, occupancy data acquisition equipmesd,installation
details, and a summary dfie calculatedsite occupancyesultsareincluded.Figurell provides a map
of the sites, offering an overview of their locations

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
\c Office Campus

Vacaville, CA

Office Building B
/ Long Beach, CA

e Qutdoor Shopping Center
Irvine, CA

FIGURE 11: OVERVIEW OF HOST SITES
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LARGE OFFICEBUILDING, A

STEDESCRIPTION

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

acres, include one larger main complex, a second smallefibgiind 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, 20T8is site was selected to represent commercial spaces operating
less than 24 houra day The sensor layout is shownfigure 13.
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SENSORLAYOUT
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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 theLarge Office Building, fAllsinto two categories: office employegsho access the space
on a Monday through Fridag,a.m. to 5 p.mschedule, angbublic visitors. Two parking lots directly
behind the building provide parking for employees, the public and service vehicles

Receivers R0O7 and R08 monitored entraramasexits and correspondingly recorded occupancy rates
higher than the average of all receivers. The highest nighttime occupatecwaa observed by RO5,
which was located in the interior of the parking lot, closest to the building facilities. The lowest rates
were observedarthest from the building facilitieby receivers RO1 and R02, which are located at the
north end of the parkig lot.
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DATA ANALYSIS

Large Office Building, A: Nighttime Occupancy
5-minute bins, 6/21/20189/24/2013

14%

I A O SOOI, L
© Absolute Site Occ. =
§ 10% [VALUE] 8.48%
> 8% Average of Receiver
2 Occ. {VALUE]
g 6% 5 6450 4.43%
3 4% 3.33% 2.66% >
o) 1500 T 167% T BESShbhl I

2% ’ 0.90% l .

0 1R - []

RO1 R02 R0O3 R04 RO5 RO6 RO7 R0O8
Receivers

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 OcCcCUPANCY RATE
All Absoluté 30 sec Night n/a®

All Averagé 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 occupandy ¢ 2 O02YLJziS G(KA&a @FtdsS: GKS SyGaANB aAGS Aa FaadzySR G2 o068
is equal to the number of nighttime bin periods wheney receiver detected motion, divided by the total number of nighttime bin periods.

2 ¢ Averageoccupancy The percentage listed is the average of the individual receiver occupancy rates. These individual receiveryoccupanc

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

divided by the total number of nighttire bin periods.

3¢ Data for 36second bins is not available for Washington sites.
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BUILDING SUPPLYFRANCHISE

STEDESCRIPTION

FIGURE 15: THE BUILDING SUPPLY FRANCHISE HOST SITE IS LOCATED IN A SUBURBAN AREA S URROUNDED BY RESIDENTIAL
AND SMALL COMMERCIAL STRUCTURES.

Thissite is a typical retail location afbuildingsupply franchisein an eastern Washington suburb near a
city of 30,000 peopleThe site is immediately surrounded by residential and small commercial
structures.
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SENSORLAYOUT

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

The premises, which occupy appimately nineacres,ncludeone large buildig housing the retail
operations, one large parking lot, oteading dockpne limited parkingarea,and roadways around the
building perimeter. Sensors were instaledmonitor activity in the larger north parking lot.

Monitoring was conducte from August 28, 2013 to December 1, 20A8 a bigbox retailer, this site
was setcted to represent commerciaétail with less than 24our operation.
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