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2004-2005 Lighting Hours of Use for 

School Buildings Baseline Study

Final Report
1 Introduction

RLW Analytics, Inc. is pleased to submit this report for a Baseline Study of Lighting Hours of Use in School Buildings in Connecticut and Massachusetts.  RLW has teamed with Practical Energy Solutions (PES), a Connecticut based company that manufactures and specializes in the installation and analysis of the Sensor Switch TOU loggers, an instrument that monitors both occupancy and lighting operation in the same compact logger.

Project Objectives

CL&P and WMECO offer occupancy sensors through their Municipal Program, New Construction Program, and Express Programs.  UI installs occupancy sensors in their Energy Opportunities Program and Energy Blueprint Program.

The current program savings estimates are based upon hours of use that reflect the traditional uses of school buildings, which include educational, athletic, and dance functions.  However, in recent years, more and more school buildings have been used for other purposes such as community events and college evening classes.  This increased use is not currently captured in program savings assumptions and some suspect that the impact of occupancy sensor installations is being underestimated.  In large part, the purpose of this study is to inform a better estimate of lighting use prior to sensor installation in the interest of more accurately estimating the impact of occupancy sensor controlled lighting.  

Throughout this report, the term “baseline hours” is used to refer to the number of hours that a given unit of lighting operates across a typical year (i.e. “annual operating hours” or “annual hours”)  prior to the installation of automatic lighting controls.  For the purposes of this definition, these controls include, but are not limited to, occupancy sensors, daylight controls, time clocks, and a variety of direct digital controls (DDC).  

The objectives of this study were to perform a credible estimation of baseline lighting operating hours in public and private school buildings by a variety of dimensions of interest, including school classification, demographics, room type, and room use before occupancy sensor installation.  The study also provides patterns of lighting use including when the lights are on and the room is occupied and not occupied and when the lights are off in each occupancy situation.  By providing this information, this study can be used to reassess the value of installing occupancy sensors in school buildings.
Summary of Approach

In pursuit of the evaluation objectives, RLW performed the following activities:  

· A review of data sources preceded and informed the development of an efficient sampling plan for the selection of schools for on-site surveys, metering, and interviews.

· Data collection was performed at each of eighty (80) schools to assess the effects of operating schedules, behavioral factors, and demographics on lighting usage patterns.  
· Direct measurement with 646 occupancy/lighting loggers occurred from May through October 2005, spanning both in-session and out-of-session timeframes.  In total, RLW collected over one million records of lighting on/off and room occupied/unoccupied transitions.  
· Analysis included the calculation of baseline annual hours of use by school type, room type, and other factors such as a more detailed room use, rural vs. urban and building age.  
· This report of findings is comprehensive and includes all pertinent reporting dimensions, methodologies, and recommendations.
2 Methodology

This section describes the approach employed toward completing this study, with each task presented in series below.  

Task 1: Project Initiation

A project initiation meeting with key RLW personnel, sponsoring utility project managers, and non-utility party advisors (collectively referred to hereafter as ‘study team’) was held in October 2004.  A key item for this meeting was discussion of the sample plan and design, as this element would be critical to ensuring that the study adequately meets sponsor objectives at the desired level of precision.  The meeting included a full review of the analytical, data collection, and reporting methods to be applied to this study.  The kickoff meeting served as a forum for the study team to discuss and finalize the study approach, schedule, and budget.  

Task 2: Sample Design Development

Data Review of Study Population

The proposed analytical approach for this study relied upon a strong statistical characterization of both the study population and sample.  RLW requested transfer of appropriate tracking and billing system information for all schools in the utilities’ service territories at the project initiation meeting.  The availability and breadth of these data were critical to the development of an appropriate and rigorous sampling plan for this study.  Program tracking systems from each sponsor would help ensure that the population from which the sample is pulled is free of ‘participants’ or schools with occupancy sensors already installed.  Billing data were to be used to develop an estimate of annual consumption with which to stratify the study population of schools.  

After much time and deliberation, RLW concluded that one could not definitively identify all of the schools in the utilities’ customer billing systems.  Without a complete extract of schools, researchers would be unable to construct a valid population dataset of all eligible schools of interest.  Annual energy consumption was undoubtedly the strongest candidate for the sample design’s key explanatory variable.  RLW expanded its search to other potential data sources for individual Connecticut and Massachusetts schools. 

In the end, the project team settled upon data from the National Council for Educational Statistics (NCES).  While lacking energy usage indicators, NCES data proved to be accurate and comprehensive with regard to all other required information on schools throughout the United States.  

Sample Design & Selection

This section details RLW’s approach to developing an appropriate research sample of baseline lighting participants.  Model Based Statistical Sampling (MBSS) techniques were employed to develop a sample that is:

1. Efficient - yielding maximum results cost-effectively from a small sample size;

2. Accurate - targeted to achieve ±10% relative precision at the 90% confidence interval overall; and

3. Reliable - based upon program characteristics achieved in this or similar programs. 

An hours-of-use study employs a different sampling strategy than an impact evaluation.  It is well established in the statistical community that stratified statistical sampling is the preferred technique for developing statistically confident results at target precision levels while minimizing sample size requirements.  In order to stratify, one seeks a numeric descriptor, or explanatory variable, with which to sort and divide the population.  Larger schools generally have more lights in most space types, and thus should have a greater weight and influence on the average hours of use.  With total energy usage by school unavailable, RLW used the best available characterization of school size for the entire study population – total student enrollment – to tailor the sampling fractions to be higher for larger schools.  

Unlike energy and demand, operating hours is not an additive parameter; one cannot sum multiple estimates of operating hours to attain the aggregate estimate.  Thus, one must in essence average the estimates, weighting them by an appropriate variable.  Since this study strived to establish baseline lighting operating hours for use in refining estimates of energy savings, the most relevant weight was connected demand, as the energy usage of the lights is the product of the connected demand times the operating hours of the lights.  Expressed differently, the annual operating hours for a space is the annual kWh consumption of the lights divided by its connected lighting load.  This ratio – annual kWh over connected demand – was the central interest in the statistical ratio estimation analysis.

The choice of error ratio is of central importance to any sample design.  The error ratio measures the 'variation' between numerator (y) and denominator (x) variables in the ratio of interest.  Here y is annual kWh and x is connected kW, both of which represent the lighting load in the space type of interest, and y/x is the average annual operating hours for the space.  

The error ratio parameter represents the expected variation in operating hours over the average operating hours.  With no comparable analytical precedent of error ratio for an hours-of-use study of this nature, a conservative first approximation of the expected error would be: 

Error Ratio = 1,000 hours variation / 2,000 annual hours = 0.5 

where 1,000 hours is one standard deviation and 2,000 hours per year is the expected average value.  

Table 1 tabulates the number of schools in the population across various categories of interest.  Considerable pre-analysis, data cleaning and screening was performed to formulate this study population.  RLW began with 3,193 public schools in CT and MA and 1,233 private schools, for a total of 4,426 schools.  Of these schools, RLW mapped 1,720 into the CL&P, UI, and WMECo service territories.  

	Category
	Number of Schools
	
	Category
	Number of Schools

	Public 'Standard' 
	1,088
	
	Type: 'Standard'
	1,399

	Public Vo/Tech 
	18
	
	Type: Vo/Tech
	19

	Public Magnet 
	23
	
	Type: Magnet
	23

	Public Charter 
	20
	
	Type: Charter
	20

	Private ‘Standard’ 
	312
	
	Level: Primary
	932

	Funding: Public
	1,149
	
	Level: Middle
	250

	Funding: Private
	312
	
	Level: High
	279

	Locale: Urban
	401
	
	Utility: CL&P
	1,003

	Locale: Suburban
	756
	
	Utility: UI
	266

	Locale: Rural
	304
	
	Utility: WMECO
	192


Table 1: Number of Schools by Category of Interest

In order to examine results by educational level, RLW developed data processing routines to split schools into Primary, Middle, and High schools based upon the number of students in each grade taught at the facility.  Finally, the project team decided to exclude several unique types of schools from the study (e.g. Montessori, Special Education, Preschool, etc.) in order to focus resources on predominant schools types.  This process yielded a final population dataset containing a grand total of 1,461 qualifying schools in the CL&P, UI, and WMECo service territories.  

The aforementioned categories were chosen collaboratively by the study team as the major dimensions of interest for this study.  In other words, the study team wanted to yield results with reasonable precision in these specific sectors.  The team decided that the first hybrid categorization of four public school types and one private school type (shaded region) was to be the primary target for this sample design.  

Having defined the population and established a confident estimate of error ratio, RLW then proceeded with the sample design.  The study team considered various alternatives with smaller sample sizes, but given the team’s interest in several different dimensions, they investigated and settled upon the multi-dimensional sample design presented below in Table 2.

	 
	Maximum
	Total
	Population
	Sample
	Weight

	Stratum
	Value
	Enrollment
	Size (N)
	Size (n)
	(N/n)

	Public 'Standard' School

	1
	474
	176,914
	550
	14
	39.3

	2
	748
	197,591
	338
	14
	24.1

	3
	4,000
	228,432
	200
	14
	14.3

	Sector Total
	602,937
	1,088
	42
	 

	Public Vo/Tech School

	1
	593
	3,714
	7
	1
	7.0

	2
	732
	4,103
	6
	2
	3.0

	3
	2,000
	4,413
	5
	2
	2.5

	Sector Total
	12,230
	18
	5
	 

	Public Magnet School

	1
	357
	2,768
	11
	2
	5.5

	2
	536
	2,680
	6
	2
	3.0

	3
	1,000
	3,731
	6
	2
	3.0

	Sector Total
	9,179
	23
	6
	 

	Public Charter School

	1
	180
	1,285
	11
	2
	5.5

	2
	298
	1,576
	6
	2
	3.0

	3
	2,000
	2,014
	3
	2
	1.5

	Sector Total
	4,875
	20
	6
	 

	Private School

	1
	228
	21,178
	174
	7
	24.9

	2
	362
	24,137
	87
	7
	12.4

	3
	2,000
	28,522
	51
	7
	7.3

	Sector Total
	73,837
	312
	21
	 

	GRAND TOTAL
	703,058
	1,461
	80
	 


Table 2: Multi-Dimensional Sample Design, by Enrollment and Sector

RLW ran numerous iterations in order to optimize coverage and expected relative precision across analysis segments.

Table 3 presents the expected precision for a sample of 80 schools according to the sample design presented above.  In total, RLW expected to achieve ±10.9% relative precision on the overall estimate of annual operating hours.  By primary analysis sector – the categorization selected as the sampling framework in Table 2 – the expected precision ranges from ±12.5% for public ‘standard’ schools to ±30.9% for public magnet schools.  

	 
	Population
	Sample
	Expected

	School Type
	Size (N)
	% of Total
	Size (n)
	Precision

	Public 'Standard' School
	1088
	74%
	42
	12.5%

	Public Vo/Tech School
	18
	1%
	5
	24.2%

	Public Magnet School
	23
	2%
	6
	30.9%

	Public Charter School
	20
	1%
	6
	27.4%

	Private School
	312
	21%
	21
	20.6%

	Grand Total
	1461
	 
	80
	10.9%


Table 3: Expected Precision by Primary Analysis Sector

Throughout the project development stage, it was clear that the study team were interested in obtaining results across a great many dimensions:

Classification: Elementary, Middle, and High

Funding: Public, Private

Special: Vocational, Technical, Charter, Magnet

Location: Rural, Suburban, Urban

Utility: CL&P, UI, WMECo

Room type: Auditorium, cafeteria, classroom, gymnasium, hallway, kitchen, library, locker room, mechanical room, office, restroom, storage closet, teacher's lounge, and ‘other’ spaces
.

Classroom usage: Kindergarten, computer lab, music education, chemistry lab, lecture hall, etc. 

Vintage: Less than 5 years old, 5 to 15 years old, over 15 years old

RLW moderated discussions with the study team utilities in order to consolidate and prioritize this list, as it would be unlikely to attain statistically significant results in all of these dimensions within available budget resources.  

Next, RLW investigated the expected precision across a number of additional secondary analysis sectors.  These dimensions were of the most interest to the study team, and RLW worked to prioritize them accordingly.  The sample allocation and resultant precision were steered towards focusing precision upon more important sectors (like public vs. private schools) and relaxing precision in less important sectors such as utility company.  In addition to ±10% overall, RLW strived to attain ±20% by public/private class and no worse than ±30% in any of the following sectors.  
	 
	Population
	Sample
	Expected

	School Type
	Size (N)
	% of Total
	Size (n)
	Precision

	 By Funding Source

	Public
	1149
	79%
	59
	11.8%

	Private
	312
	21%
	21
	20.6%

	By School Locale

	Urban
	401
	27%
	30
	20.5%

	Suburban
	756
	52%
	35
	16.7%

	Rural
	304
	21%
	15
	25.4%

	By Type Classification

	'Standard' School
	1399
	96%
	63
	11.3%

	Vo/Tech
	19
	1%
	5
	31.8%

	Magnet
	23
	2%
	6
	29.1%

	Charter
	20
	1%
	6
	27.3%

	By Educational Level

	Primary
	932
	64%
	38
	16.6%

	Middle
	250
	17%
	17
	23.7%

	High
	279
	19%
	25
	19.3%

	By Electric Utility

	CL&P
	1003
	69%
	48
	14.1%

	UI
	266
	18%
	15
	27.7%

	WMECO
	192
	13%
	17
	27.3%


Table 4: Expected Precision by Secondary Analysis Sector

In Table 4, one sees that the sample design was able to achieve these objectives.  The interactivity of the sectors – that improving coverage in one sector can degrade the results in another – made this sector validation quite challenging.  The ‘worst’ precision in these dimensions would be expected in vocational/technical schools and the best in public schools.  

Ultimately, the final estimates of relative precision would be dependent upon the success at recruiting and scheduling site visits according to this specific design.  

Task 3: Site Work Preparation

After the work scope and sample design were established, two concurrent tasks were initiated in preparation for the on-site data collection.  Senior engineering staff created structured data collection instruments to ensure that field personnel collected information of the necessary quality and comprehensiveness to support the study.  Having selected the on-site research sample, dedicated and experienced analysts assumed responsibility for recruiting schools for this baseline study and scheduling appointments for the field engineers.

Recruiting and Scheduling

Each market segment poses its own challenges in recruiting and obtaining access for a site visit, and the educational sector is particularly difficult.  With schools, energy and building management is often isolated from the educational and administrative functions.   Gaining the full access necessary to perform a comprehensive audit of this nature required approval and communication at multiple levels, particularly the district’s school superintendent, the school’s principal, and the head of custodial staff.  

Since this study sought to estimate baseline operating hours for use in projecting occupancy sensor savings potential, it was important that the sample did not include any schools that already had extensive sensor installation.  Recruiters screened for occupancy sensor presence at the beginning of the phone call.  If sensors were installed in the majority of classrooms, then the customer was politely thanked and the school dropped from the recruiting list.  Furthermore, if the scheduler did not discover sensor installation but the actual visit did, then that particular site visit was abandoned and a replacement was recruited. 

The core objective for this task was to recruit schools in adherence to the very specific sampling plan.  Contacting the school administrators with the authority to approve participation in this study often was difficult.  Unlike program evaluations, baseline studies have no inherent or implied obligation for the customer to participate in the research, so recruiters receive numerous refusals.   Ultimately, close but not perfect alignment with the detailed sampling goals was obtained.  

	 
	Population
	Sample (n)

	Sector
	(N)
	Target
	Recruited
	Change

	PUBLIC 
	          1,154 
	              59 
	          54 
	-5

	PRIVATE 
	             313 
	              21 
	          26 
	5

	URBAN
	             402 
	              30 
	          28 
	-2

	SUBURBAN
	             756 
	              35 
	          33 
	-2

	RURAL
	             309 
	              15 
	          19 
	4

	STANDARD
	          1,405 
	              63 
	          61 
	-2

	VOCATIONAL
	               19 
	               5 
	            1 
	-4

	MAGNET
	               23 
	               6 
	            7 
	1

	CHARTER
	               20 
	               6 
	          11 
	5

	PRIMARY
	             934 
	              38 
	          46 
	8

	MIDDLE
	             251 
	              17 
	          18 
	1

	HIGH
	             282 
	              25 
	          16 
	-9

	CL&P
	          1,003 
	             48 
	          48 
	0

	UI
	            267 
	             15 
	          15 
	0

	WMECO
	            197 
	             17 
	          17 
	0

	PUBLIC STANDARD
	          1,092 
	              42 
	          35 
	-7

	PUBLIC VOCATIONAL
	               19 
	               5 
	            1 
	-4

	PUBLIC MAGNET
	               23 
	               6 
	            7 
	1

	PUBLIC CHARTER
	               20 
	               6 
	          11 
	5

	PRIVATE STANDARD
	             313 
	              21 
	          26 
	5

	CONNECTICUT
	          1,270 
	             63 
	          63 
	0

	MASSACHUSETTS
	            197 
	             17 
	          17 
	0

	TOTAL
	          1,467 
	             80 
	          80 
	0


Table 5: Final Sample Recruitment

As evidenced by Table 5, the targeted sample sizes overall, by utility, and by state were achieved.  This was intentional, as RLW wanted to ensure that the study sponsors received the agreed-upon sample proportions.  The other sampling dimension that was pursued with rigor – albeit not evidenced in this table – was stratum.  Maintaining balance between the strata would be critical to the final results, so very little variation was permitted with regard to school ‘size’.  Among the remaining dimensions, the outcomes were effectively by chance.  The LOCALE sector (urban, suburban, rural) had the smallest deviation from the target, while the LEVEL sector (primary, middle, high) saw the largest deviation. 

Task 4: Data Collection

Data collection began in May 2005.  RLW recruited and visited the full sample of eighty (80) schools by the end of June, prior to the close of the academic year.  A total of 646 lighting and occupancy loggers monitored a sample of room types in these schools throughout the summer and into the autumn academic year.  Loggers were retrieved throughout October 2005, and the data were downloaded, extracted and prepared for analysis.

Verbal Data Collection

The fundamental data collection activity associated with this project was the on-site visit.  Structured data collection forms helped assure quality and completeness of data collection while at a customer site.  A concise but detailed survey interviewed the person/persons who customarily occupy the various room types of interest (classrooms, corridors, offices, etc.) to assess the effects of behavioral factors and after-school activity schedules on the hours of use for each room type.  

School building management, administrators, maintenance personnel, and educational staff were all interviewed to develop an informed estimate of overall annual operating hours.  RLW interviewed teachers, administrators, maintenance staff and any other persons who regularly use or control the lighting in specific buildings, areas, and rooms in the sample.  These interviews were used to gather behavioral information (e.g. school energy policy, cleaning schedules, and teacher ‘lights off’ vigilance) and other general information on activities that may affect the specific patterns of use for each schoolroom, including evening or other non-school hour activities for the community.  

The interviews also gathered information on the behavioral factors impacting the lighting use within each school area.  In addition, the auditors sought to identify any changes that were expected to take place in the school’s foreseeable future that might affect the operating hours of the lighting that were being assessed.  Auditors remained vigilant for potential anomalies in the data collection that could skew results, such as atypical schools closings, budgetary constraints, major renovations or upgrades, sale of buildings, addition of modular classrooms, board of education mandates, etc.  

Logger Placement

While hours-of-use information was collected verbally for all spaces in all schools, it was measured (i.e. logged) for a carefully-selected logger sub-sample of spaces in each school.  RLW employed both statistics and reason when selecting spaces for monitoring.  Without knowing anything about the school in advance, it was not possible to define the required number and placement of loggers before the visit.  Interviews were conducted across the sample, because they were the most cost-effective means of characterizing operating hours across a multitude of space types.  The lighting and occupancy loggers were used to refine and calibrate these interview results.  The loggers were installed across a sample of room types and focused on spaces with significant square footage and connected lighting load.  

For this study, RLW chose combination lighting/occupancy loggers made by Sensor Switch, a manufacturer of occupancy sensors.  These loggers are designed specifically for estimation of occupancy sensor savings potential and are proven in this study environment.  This logger records change-of-state timestamps for both lighting and room occupancy, enabling researchers to estimate the savings potential for a given space, as indicated by the amount of time that the space is lit but unoccupied.   

Task 5: Analysis

As depicted in Figure 1, RLW employed a multi-stage analysis to expand the data from room-level detail to a building-level overview to a market-level summary.  This remainder of this section describes the process used to expand these data.
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Figure 1: Study Analysis Flow

Aggregation of Audited Data 

Comprehensive inventory data were collected for each room in the school, regardless of whether a lighting/occupancy logger was installed.  It is helpful to explain this analysis methodically in discrete stages, beginning with a walk-through of the space-level data and computation of building-level results.  An excerpt of room-level data collection for one school (RLWID 24) is presented as an example in Table 6.

	RLWID
	Room ID
	Room Type
	Space Name
	Control Type
	Schedule ID
	Audited SqFt
	Fixt Qty
	Fixt Code
	Logger ID
	W/Fixt
	Total kW

	24
	1
	SC
	Rm 001 (Storage)
	MS
	1
	372
	3
	D
	0
	60
	0.180

	24
	2
	SC
	Rm 002 (Storage)
	MS
	1
	156
	4
	D1
	0
	112
	0.448

	24
	3
	MR
	Rm 003 (Machine Rm)
	MS
	1
	180
	2
	B
	0
	60
	0.120

	24
	4
	MR
	Rm 004 (Mechanical Rm)
	MS
	1
	1400
	6
	D1
	0
	112
	0.672

	24
	5
	H
	Lobby
	KS
	3
	518
	8
	B
	0
	60
	0.480

	24
	5
	H
	Lobby
	KS
	3
	0
	1
	D
	0
	60
	0.060

	24
	6
	CR
	Rm 006 (Music Rm)
	MS
	2
	956
	14
	B
	0
	60
	0.840

	24
	7
	RR
	Rm 008 (Restroom)
	MS
	4
	120
	1
	D
	0
	60
	0.060

	.
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.

	24
	20
	CR
	Rm 105
	MS
	2
	792
	9
	A
	0
	60
	0.540

	24
	21
	CR
	Rm 106
	MS
	2
	792
	9
	A
	0
	60
	0.540

	24
	22
	CR
	Rm 107
	MS
	2
	792
	9
	A
	22870
	60
	0.540

	24
	23
	CR
	Rm 108
	MS
	2
	792
	9
	A
	21257
	60
	0.540


Table 6: Room-Level Inventory (RLWID 24)

This room-level inventory was associated with several additional data sources in order to ‘build up’ the room-level audit data to a characterization of the entire school.  Two additional tables were compiled during the site visit: Fixture Codes (Table 7) and Verbal Schedules (Table 8), both for use in translating coded fields which have a one-to-many relationship.  Thus, even without logger data – represented by a “0” in the Logger ID field – evaluators would be able to compute room-level estimates of lighting annual energy usage (kWh) and connected demand (kW).  

With a large variety of fixture types present throughout the schools, auditors consolidated a standard database of lighting fixtures into a small subset of fixtures installed in each specific school.  Table 7 shows the fixture code list for RLWID 24, which was used to translate the “Fixt Code” field to the “W/fixt” estimate in Table 6.  This method yielded greater time-efficiency while at the school and helped to ensure data consistency.

	RLWID
	Fixt Code
	Fixt Code2
	Fixture Type
	Fixture Description
	W/Fixt

	24
	D
	2F32SSE
	FOUR FOOT T8 SYSTEMS
	2L4' T8/ELIG
	60

	24
	D1
	4F32SSE
	FOUR FOOT T8 SYSTEMS
	4L4' T8/ELIG
	112

	24
	B
	2F32SSE
	FOUR FOOT T8 SYSTEMS
	2L4' T8/ELIG
	60

	24
	B1
	3F32SSE
	FOUR FOOT T8 SYSTEMS
	3L4' T8/ELIG
	88

	24
	A
	2F32SSE
	FOUR FOOT T8 SYSTEMS
	2L4' T8/ELIG
	60

	24
	H
	2F32SSE
	FOUR FOOT T8 SYSTEMS
	2L4' T8/ELIG
	60

	24
	H1
	4F32SSE
	FOUR FOOT T8 SYSTEMS
	4L4' T8/ELIG
	112

	24
	M
	1M0400S
	METAL HALIDE
	400W METAL HALIDE
	455

	24
	C
	3F32SSE
	FOUR FOOT T8 SYSTEMS
	3L4' T8/ELIG
	88

	24
	G
	2C0018E
	COMPACT FLUORESCENTS
	2/18W COMP. HW ELIG
	40

	24
	K
	1I0150
	INCANDESCENT
	150W INC
	150

	24
	L
	1I0300
	INCANDESCENT
	300W INC
	300

	24
	N
	1I0500
	INCANDESCENT
	500W INC
	500

	24
	Y
	1I0150
	INCANDESCENT
	150W INC
	150

	24
	Z
	1I0750
	INCANDESCENT
	750W INC
	750


Table 7: Fixture Codes (RLWID 24) ​​

A critical aspect of this study was the collection of operating schedules as provided verbally by school personnel.  An annual calendar was consulted for each school in order to tally the number of days on each of the following five schedules: Half-Day, Normal Day, Weekend, Summer School, and Vacation.  As auditors encountered spaces with unique schedules, a new Schedule ID was created to characterize typical hours-per-day by each of the preceding day types.  Table 8 shows the non-measured operating schedules (i.e. verbal schedules) for RLWID 24.  

	RLWID
	Sched ID
	Schedule Name
	Half Day
	Normal Day
	Week-end
	Summer School
	Vaca- tion
	Total Hours

	24
	 
	Days Per Year ->
	5
	175
	105
	53
	27
	365

	24
	1
	Storage Rm
	0.25
	0.25
	0.00
	0.25
	0.00
	      58 

	24
	2
	Classroom
	4.50
	8.50
	0.00
	4.50
	0.00
	 1,749 

	24
	3
	Hall/Lobby
	14.00
	14.00
	0.00
	14.00
	0.00
	 3,262 

	24
	4
	Restroom
	14.00
	14.00
	0.00
	14.00
	0.00
	 3,262 

	24
	5
	Media Center
	4.50
	8.50
	0.00
	0.00
	0.00
	 1,510 

	24
	6
	Office
	12.00
	12.00
	0.00
	10.00
	0.00
	 2,690 

	24
	7
	Nurse's Office
	8.00
	8.00
	0.00
	3.00
	0.00
	 1,599 

	24
	8
	Locker Rm
	6.00
	8.00
	0.00
	6.00
	0.00
	 1,748 

	24
	9
	Gym
	6.00
	8.00
	0.00
	6.00
	0.00
	 1,748 

	24
	10
	Cafeteria
	10.00
	10.00
	0.00
	4.00
	0.00
	 2,012 

	24
	11
	Kitchen
	7.00
	7.00
	0.00
	3.00
	0.00
	 1,419 

	24
	12
	Teachers Lounge
	5.00
	5.00
	0.00
	0.00
	0.00
	    900 

	24
	13
	Auditorium
	3.00
	4.00
	0.00
	1.00
	0.00
	    768 


Table 8: Reported Hours per Day Type (RLWID 24)

The strength of this method is that it embraces the unique day types of the school sector instead of employing general assumptions or adjustments to annualize operation.  As with the Fixture Code table, this reduced time at the school and improved data consistency.   

Energy, demand, and hours-of-use, based upon verbal reports on fixture quantity, type, and wattage, are presented in Table 9 for RLWID 24.  Similar analysis was conducted for all schools in the sample. 

	
	
	Lighting

	Room Code
	Room Type
	Energy

kWh
	Connected

kW
	Annual Hours

	AUD
	Auditorium
	11,366
	14.800
	768

	C
	Cafeteria
	6,261
	3.112
	2,012

	CR
	Classroom
	53,742
	30.736
	1,749

	G
	Gymnasium
	11,930
	6.825
	1,748

	H
	Hallway
	33,272
	10.200
	3,262

	K
	Kitchen
	3,230
	2.276
	1,419

	LIB
	Library
	1,812
	1.200
	1,510

	LR
	Locker Room
	2,475
	1.416
	1,748

	MR
	Mechanical Room
	50
	0.852
	58

	O
	Office
	8,189
	3.300
	2,482

	OTH
	Other
	281
	0.176
	1,599

	RR
	Restroom
	5,576
	1.740
	3,205

	SC
	Storage Closet
	190
	3.270
	58

	TL
	Teacher's Lounge
	713
	0.792
	900

	TOTAL
	 
	139,089
	80.695
	1,724


Table 9: Reported Results by Room Type (RLWID 24)
Integration of Monitored Data 

Next, RLW incorporated the monitoring to refine the verbal results.  A total of nine (9) loggers were installed at this particular school in the room types presented in bold
.  In a typical school, auditors would install several loggers in classrooms and at least one in a hallway and another in the gymnasium, as these are the room types that usually have the highest energy consumption.  Beyond this ‘first priority’ sample, auditors chose spaces with operating hours of the greatest uncertainty, i.e. where loggers were expected to improve the verbal estimate of operating hours.   
Table 10 shows the effect of supplementing the verbally-reported data with monitored data.  For RLWID 24, the monitoring yielded kWh and hence operating hours that were 10% higher than verbally reported.  In this specific case, it appears that the Gymnasium hours were significantly underestimated by the interviewees.

	
	
	Lighting

	Room Code
	Room Type
	Energy kWh
	Connected kW
	Annual Hours

	AUD
	Auditorium
	11,366
	14.800
	768

	C
	Cafeteria
	7,867
	3.112
	2,528

	CR
	Classroom
	53,221
	30.736
	1,732

	G
	Gymnasium
	22,748
	6.825
	3,333

	H
	Hallway
	33,229
	10.200
	3,258

	K
	Kitchen
	3,230
	2.276
	1,419

	LIB
	Library
	3,176
	1.200
	2,647

	LR
	Locker Room
	2,475
	1.416
	1,748

	MR
	Mechanical Room
	50
	0.852
	58

	O
	Office
	8,740
	3.300
	2,649

	OTH
	Other
	281
	0.176
	1,599

	RR
	Restroom
	5,576
	1.740
	3,205

	SC
	Storage Closet
	406
	3.270
	124

	TL
	Teacher's Lounge
	826
	0.792
	1,042

	TOTAL
	 
	153,191
	80.695
	1,898


Table 10: Reported and Monitored Results by Room Type (RLWID 24)

The monitored data enabled additional analyses that were not feasible using non-monitored information.  Table 11 presents a tabulation of the data from the lighting and occupancy loggers that show the percentage of time by status
 by room type.  

	Room
	Lit
	

	Type
	Occupied
	Unoccupied
	Unlit

	Cafeteria
	16%
	13%
	71%

	Classroom
	11%
	3%
	85%

	Gym
	17%
	21%
	62%

	Hall
	25%
	12%
	63%

	Library
	16%
	15%
	70%

	Office
	26%
	12%
	62%

	Storage Closet
	7%
	35%
	58%

	Teacher's Lounge
	8%
	4%
	88%


Table 11: Occupancy/Lighting Status by Room Type (RLWID 24)

The table suggests high savings potential (a significant amount of unoccupied and lit time) for gym and storage spaces, whereas classrooms appear to have the lowest relative potential.  As it is the population aggregate estimate that proves the most meaningful, the next step was to expand the sample results to the school population.  

Statistical Expansion

The critical ratio in this analysis is that between lighting consumption (kWh) and connected load (kW).  This particular ratio uses connected lighting load (kW) to serve as the weight and unifying term throughout the hours-of-use analysis.  RLW’s analysis was performed using industry-proven MBSS techniques and facilitated through batch processing capabilities of SAS statistical analysis software.  

The indicator ‘total student enrollment’ was not as good a predictor of school energy usage as had been anticipated.  No better explanatory variable was found, however.   RLW’s initial statistical expansions showed that the relationship failed to support the traditional stratified ratio estimation approach that one would typically apply to this effort.  

Normally, stratifying the population serves to greatly improve statistical results.  Generally speaking, maintaining homogeneous analysis groups helps to mitigate and minimize variability.  In simplest terms, it has been shown that ‘large’ sample points with high energy consumption (or savings) perform differently than ‘small’ points with lower estimates.  The preferred RLW approach is thus to stratify them by size and to sample them independently.  

However, the initial statistical analysis yielded considerably worse statistical precision than expected.  After many unsuccessful attempts to model this school data, analysts discovered, quite by accident, that the results improved as the number of strata were reduced.  The descriptive variable of student enrollment failed to support stratified ratio estimation (SRE) models, i.e. it was not an appropriate indicator of size for this study.  
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Figure 2: Optimal Sector Design for Schools

While achieving unfavorable statistical precision, the SRE did show that school level (primary, middle, high) and locale (rural, suburban, urban) were the two analysis sectors that consistently yielded the lowest (best) statistical precision.  Furthermore, as depicted conceptually in Figure 2, the lighting hours-of-use were notably different and increasing across both independent dimensions.  

Another important finding was that one of the sample sites (RLWID 105) was a significant outlier.  This school is indicated by the large red diamond in Figure 3.  Subsequent investigation revealed that this was the only vocational/technical school in the sample.  Discussion with the field engineer indicated that this school was very large, with extensive, densely lit ‘shop’ spaces.  With no additional vocational schools for comparison, and all indications suggesting that it is significantly different than the other schools, the study team recommended that it be dropped from the study sample. 

[image: image3.emf]School Lighting Hours-Of-Use

0

200,000

400,000

600,000

800,000

1,000,000

1,200,000

1,400,000

1,600,000

1,800,000

2,000,000

0 50 100 150 200 250 300 350 400 450 500

kW

kWh


Figure 3: Scatter Plot of Lighting kW vs. kWh
RLW re-weighted based upon simple random sampling in the following nine sectors (three Levels, each with three Locales).   Fortunately, all seventy-nine
 (79) schools were distributed fairly randomly across these nine cells.  Table 12 shows the population size, sample size, and associated case weights for each sector.  

	Sector
	Population
	Sample
	 

	Level
	Locale
	ID
	Size (N)
	Size (n)
	Weight

	Primary
	Urban
	1
	279
	14
	19.929

	Primary
	Urban
	2
	474
	21
	22.571

	Primary
	Urban
	3
	181
	11
	16.455

	Middle
	Suburban
	4
	56
	6
	9.333

	Middle
	Suburban
	5
	140
	7
	20.000

	Middle
	Suburban
	6
	54
	5
	10.800

	High
	Rural
	7
	67
	8
	8.375

	High
	Rural
	8
	142
	4
	35.500

	High
	Rural
	9
	73
	3
	24.333

	Total
	
	
	1,466
	79
	


Table 12: Final Case Weights

3 Results

This section of the report presents the numerical findings from the study using all metering data.  It also contains relevant trends and discoveries as deemed appropriate.  

Baseline Hours by School Type

Table 13 summarizes the baseline
 annual lighting hours by school type.    

	Analysis
	Annual
	Error
	Relative
	Lower
	Upper

	Sector
	Hours
	Bound
	Precision
	Bound
	Bound

	Overall
	         2,147 
	            127 
	5.9%
	         2,021 
	         2,274 

	by Funding

	Public
	         2,233 
	            183 
	8.2%
	         2,050 
	         2,415 

	Private
	         1,990 
	            172 
	8.6%
	         1,818 
	         2,161 

	by Locale

	Urban
	         2,386 
	            315 
	13.2%
	         2,071 
	         2,702 

	Suburban
	         2,112 
	            142 
	6.7%
	         1,970 
	         2,254 

	Rural
	         1,981 
	            264 
	13.3%
	         1,717 
	         2,245 

	by Type

	Standard
	         2,115 
	            142 
	6.7%
	         1,973 
	         2,257 

	Magnet
	         2,071 
	            189 
	9.1%
	         1,883 
	         2,260 

	Charter
	         2,634 
	            293 
	11.1%
	         2,342 
	         2,927 

	by Level

	Primary
	         2,030 
	            144 
	7.1%
	         1,887 
	         2,174 

	Middle
	         2,233 
	            212 
	9.5%
	         2,021 
	         2,446 

	High
	         2,267 
	            301 
	13.3%
	         1,966 
	         2,569 

	by Utility

	CL&P
	         2,123 
	            105 
	5.0%
	         2,018 
	         2,228 

	UI
	         2,412 
	            441 
	18.3%
	         1,971 
	         2,853 

	WMECo
	         1,903 
	            303 
	15.9%
	         1,600 
	         2,206 

	by State

	CT
	         2,187 
	            129 
	5.9%
	         2,058 
	         2,315 

	MA
	         1,903 
	            303 
	15.9%
	         1,600 
	         2,206 


Table 13: Baseline Lighting Hours by School Type

In addition to the annual lighting hours, this table also presents the relative error of each estimate at the 90% confidence interval, with which upper and lower bounds for the estimates are calculated.  The overall estimate of 2,147 hours achieved a relative precision of ±5.9%.  

Challenges do arise when attempting to differentiate between school types.  For example, while public and private schools realized seemingly distinct annual lighting hours of 2,233 and 1,990, respectively, careful examination shows that the error bounds actually overlap.  This is the case for all but one of the analysis sectors.

Figure 4 emphasizes the aforementioned point.  This chart plots the region between the upper and lower error bound as a horizontal bar, representing the 90% confidence interval centered upon the mean estimate of lighting hours.  Color coding the different sector groupings reveals significant overlap in the estimates.  
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Figure 4: Baseline Lighting Hours by School Type

Only Charter schools yield estimates with distinct confidence intervals.  Standard and Magnet schools have consistent lighting hours, while Charter schools have statistically higher usage.  

Baseline Hours by Room Type

Table 14 presents the results from the analysis of baseline operating hours by room type.  In contrast to the results by school type, these results are more statistically significant, in that most spaces are differentiated by exclusive, non-overlapping error bounds.  

	Room
	Annual
	Error
	Relative
	Lower
	Upper

	Type
	Hours
	Bound
	Precision
	Bound
	Bound

	Auditorium
	      1,667 
	        440 
	26.4%
	     1,227 
	     2,106 

	Cafeteria
	      2,196 
	        290 
	13.2%
	     1,906 
	     2,486 

	Classroom
	      1,844 
	        100 
	5.4%
	     1,744 
	     1,944 

	Gymnasium
	      2,076 
	        240 
	11.6%
	     1,836 
	     2,316 

	Hallway
	      3,129 
	        237 
	7.6%
	     2,893 
	     3,366 

	Kitchen
	      1,625 
	        162 
	10.0%
	     1,463 
	     1,787 

	Library
	      2,087 
	        345 
	16.5%
	     1,742 
	     2,433 

	Locker Room
	      2,198 
	        442 
	20.1%
	     1,757 
	     2,640 

	Mechanical Room
	         940 
	        294 
	31.3%
	        645 
	     1,234 

	Office
	      2,236 
	        129 
	5.8%
	     2,107 
	     2,365 

	Other
	      1,826 
	        251 
	13.8%
	     1,575 
	     2,077 

	Restroom
	      2,380 
	        233 
	9.8%
	     2,146 
	     2,613 

	Storage Closet
	         800 
	        162 
	20.3%
	        637 
	        962 

	Teacher's Lounge
	      1,879 
	        175 
	9.3%
	     1,704 
	     2,054 


Table 14: Baseline Lighting Hours by Room Type

Baseline hours range from 800 hours for storage closets to a high of 3,129 hours for hallways and corridors.  Restrooms were found to be lit 2,380 hours per year, second only to hallways.  

The relative precision of the aforementioned estimates represents the variability evidenced in the field, from both verbal and monitored operating schedules.  Outstanding relative precision was achieved for classrooms (±5.4%), hallways (±7.6%) and offices (±5.8%).  Other spaces such as auditoriums and mechanical rooms were considerably more variable.  

As with Figure 4 above, Figure 5 plots the region between the upper and lower error bound as a horizontal bar, representing the 90% confidence interval centered upon the mean estimate of lighting hours; in this case the hours are presented by room type.  In contrast to Figure 4, this chart shows considerable distinction – statistically significant findings – by room type.   It is evident that the classroom and office spaces with smaller error bars received analytical emphasis and hence improved precision.  
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Figure 5: Baseline Lighting Hours by Room Type
This chart is quite revealing when viewed for clustering.  For instance, mechanical rooms and storage closets are distinct outliers below 1,000 hours, as are hallways at 3,100 hours.  Teacher’s lounges and “other” spaces (e.g. stage, nursing, and test rooms) are lit in overall hours similar to classrooms.  Restrooms are fairly distinct from classrooms and hallways, but the remaining room types such as cafeteria, library, and offices are remarkably consistent.

Baseline Lighting Profiles by Room Type

This section presents detailed hourly lighting profiles by the fourteen pre-defined room types.   These baseline profiles are derived from actual metered data, representative of lighting usage prior to the installation of occupancy controls.  These results are fully-weighted, adjusted by connected lighting kW at the room-level and expanded using the final case weights presented in Table 12. 

Some interesting observations can be drawn by the following figures.  For instance, one can see the signs of non-traditional space usage (weekend, after school, and evening hours) in several of these profiles.  For the most part, increased summertime usage is revealed not in the shape itself but in the amplitude or upwards shift of the profile.  

[image: image6.emf]Auditorium

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0246810121416182022

Hour of Day

Percent Usage

SUN

MON

TUE

WED

THU

FRI

SAT


Figure 6: Baseline Lighting Profile – Auditorium

The auditorium profile shows little day-of-week variation except for slightly higher afternoon usage on Wednesday and a small increase on Saturday afternoon.  As this is an average profile, the Saturday ‘bump’ is thought to represent occasional Saturday afternoon/evening events in auditoriums. 
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Figure 7: Baseline Lighting Profile – Cafeteria

The cafeteria profile is very consistent by day-of-week with a notable early morning startup, lunchtime peak, and moderate afternoon decline.  The late afternoon and evening plateau is a combination of two major influences: 1) use of cafeterias for afternoon activities and social groups, and 2) a small proportion of schools that provide dinner service.  
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Figure 8: Baseline Lighting Profile – Classroom

Like most school profiles, the average classroom profile shows little variation by day-of-week.  Lighting usage ramps up quickly in the morning, levels off midday, and drops off steeply after hour 14.  This profile in particular appears to exhibit evidence of summertime classroom usage.  Both verbal and monitored research indicated that summer school lighting had a morning emphasis with half-day schedules such as 8AM to 1PM.   
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Figure 9: Baseline Lighting Profile – Gymnasium

Researchers suspect that one of the reasons why gymnasiums have such high operating hours is because traditional high-bay, metal-halide fixtures have a significant startup delay, so ‘lights off’ vigilance is actually discouraged.  Also, most gymnasiums aren’t wired with manual light switches in the gymnasium area but with breakers or keyed relays in less public locations.  This gym profile shows steady afternoon usage with a gradual evening taper, again suggesting an increase in non-academic space usage.  The low usage on Saturday is a little surprising, but engineers cite some interview and observational evidence that much weekend gym usage is unlit.  Athletic leagues often rent school gymnasiums on weekends, and they are encouraged to play with the lights off whenever ambient lighting conditions permit.      
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Figure 10: Baseline Lighting Profile – Hallway

Figure 10 presents the baseline hallway profile.  This load shape is quite elevated and consistent, with a stable plateau between 7AM and 3PM and a gradual decline until 10PM.  The base load of 10% represents the amount of security lighting as well as the proportion of schools that maintain 24-hour lighting in certain corridors.    
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Figure 11: Baseline Lighting Profile – Kitchen

The kitchen profile in Figure 11 is one of the more unique shapes.  In fact, comparison of the cafeteria (Figure 7) and kitchen profiles tends to support the idea that cafeterias are used for afternoon activities and social groups.  The afternoon usage in this kitchen profile is evidence of the small proportion of schools that provide dinner service.  
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Figure 12: Baseline Lighting Profile – Library

It seems logical that the library profile would combine the features of the classroom and auditorium profiles.  It is interesting to note the slight but significant day-of-week distinction.  Library lighting usage is consistently 8% lower on Monday and Friday.   
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Figure 13: Baseline Lighting Profile – Locker Room

The next two spaces had very small monitoring samples, and as such the day-of-week profiles have not smoothed out due to averaging.  As a weighted average of four loggers, the locker room profile tracks with gymnasiums fairly well, with the addition of an approximate 50% profile on Saturdays, presumably in support of both gym and outdoor field activities.  
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Figure 14: Baseline Lighting Profile – Mechanical Room

Only one mechanical room was monitored.  Even though researchers would have preferred a few more sample points for this room type, the resultant data shows the randomness and overall low average usage that was expected.  
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Figure 15: Baseline Lighting Profile – Office

As non-community spaces, the classroom and office profiles are the only lighting shapes that truly approach zero usage on nights and weekends.  This baseline office profile is very smooth and consistent with a slight evening tail due to extended hours and/or cleaning schedules.  It is interesting that offices exhibit a similar 6-7% dip in lighting usage on Monday and Friday.  
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Figure 16: Baseline Lighting Profile – 'Other'

Spaces denoted ‘other’ included computer labs, art and music rooms, health and nursing spaces, and some multi-use classrooms.  These profiles appear to trend closely with classrooms, except without the pronounced morning peak. 
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Figure 17: Baseline Lighting Profile – Restroom

The restroom profile offers some good insight.  In RLW’s evaluation experience, some implementation contractors suggest that restrooms are lit 24 hours per day as the baseline of an occupancy control measure.  With a sample of 41 loggers, these data indicate that restroom users are reasonably vigilant in managing restroom lighting.  The profiles suggest that 24 hour lighting persists for about 18% of the restrooms, however.  
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Figure 18: Baseline Lighting Profile – Storage Closet

As storage closets are common targets for occupancy controls, RLW installed loggers in 18 restrooms to characterize this space type.  Generally speaking, relatively low overall usage and fair manual switching practices are evident in the profile.  There appears to be 24 hour lighting mismanagement in about 10% of the storage spaces.  
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Figure 19: Baseline Lighting Profile – Teacher Lounge

Finally, the teacher lounge shows a morning plateau followed by a lunchtime peak.  From 3PM onward, the profile retains about a 20% tail similar to the office profile.  

Baseline Lighting Profiles by Other Analysis Sectors

Analysts also examined hourly profiles by school level.  As seen in Figure 20, the weekday profile doesn’t vary greatly by school level, e.g. primary, middle, or high school.  As seen back in Table 13, the operating hours by school type do increase slightly in that sequence, and this figure shows some of the detail behind that difference.  The earlier day start of middle and high schools is evident in the figure, as is the more extended duration of the day at high schools.  The weekend profiles differed very little and are not presented here for that reason.  
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Figure 20: Baseline Weekday Lighting Profile by School Level

The study team was interested in determining the extent of which the source of school funding influenced the baseline lighting profile.  As seen in Figure 21, the weekday profiles are indeed different between public and private schools.  Private schools have generally lower usage fractions, shorter lit durations, and a more pronounced ‘step’ in the evening hours.  As with the preceding figure, the weekend profiles differed very little and are not presented here for that reason.  
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Figure 21: Baseline Weekday Lighting Profile by School Funding

Next, analysts examined the difference between different types of schools.  Figure 22 presents the difference between standard, magnet, and charter schools.  Both magnet and charter schools have higher usage fractions and extended hours compared to standard schools.   

[image: image22.emf]Weekday Profile by School Type

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0246810121416182022

Hour of Day

Percent Usage

Standard

Magnet

Charter


Figure 22: Baseline Weekday Lighting Profile by School Type

By school locale, the profiles were not as distinct as the study team had anticipated.  Figure 23 presents the difference between urban, suburban, and rural schools.  Rural schools show reduced after-school usage, but other than that, the three lighting load shapes are virtually identical.    
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Figure 23: Baseline Weekday Lighting Profile by School Locale

Finally, researchers examined the results by utility service territory.  Figure 24 presents the profiles for CL&P, UI, and WMECO schools.  The study team suspected that UI would be more urban and WMECO more rural in operating characteristics.  This may be the case, yet the difference remains almost as subtle as the results by school locale.       
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Figure 24: Baseline Weekday Lighting Profile by Service Territory

Baseline Peak Coincidence

Computation of the hourly profiles facilitated the development of coincidence factors for the summer peak, winter peak, and system peak periods.  The summer and winter coincident peak and system peaks were defined as below:


· Summer: weekday hours of 3 PM – 5 PM, June thru September

· Winter: weekday hours of 5 PM-7 PM, October thru May

· System: weekday hour ending 3pm, July and August. 

Table 15 presents the baseline hours and peak coincidence factors by room type.  These data on peak coincidence are the fraction of time that the lights operated in coincidence with the specific peak periods as evidenced in the logger data.     

	 
	Baseline
	Coincidence Factors

	Room Type
	Hours
	Summer
	Winter
	System

	Auditorium
	            1,667 
	35%
	34%
	35%

	Cafeteria
	            2,196 
	32%
	49%
	26%

	Classroom
	            1,844 
	16%
	19%
	15%

	Gymnasium
	            2,076 
	33%
	49%
	25%

	Hallway
	            3,129 
	58%
	77%
	58%

	Kitchen
	            1,625 
	16%
	25%
	13%

	Library
	            2,087 
	27%
	40%
	23%

	Locker Room
	            2,198 
	84%
	67%
	85%

	Mechanical Room
	               940 
	28%
	12%
	42%

	Office
	            2,236 
	35%
	35%
	47%

	Other
	            1,826 
	16%
	14%
	17%

	Restroom
	            2,380 
	43%
	49%
	36%

	Storage Closet
	               800 
	26%
	31%
	27%

	Teacher Lounge
	            1,879 
	21%
	25%
	21%


Table 15: Baseline Annual Lighting Hours and Peak Coincidence

Occupancy Sensor Savings Potential by Room Type

In addition to providing estimates of baseline operating hours separately by room and school type, this study also reports on the relationship between lighting usage and room occupancy.  Up to this point, this study established estimates of baseline lighting hours using logger data on the number of lit hours.  In this stage, researchers were interested in ascertaining an estimate of savings potential by considering both lighting and occupancy status.  

Sensor savings potential was estimated using data from three sources.  First, analysts computed baseline hours using verbal and observational estimates of operating hours.  Next, these baseline estimates were refined by data collected with a sample of 646 lighting loggers to yield the hours shown in Table 15.  Finally, analysts examined the relationship between lit hours and occupied hours to derive an estimate of operating hours under occupancy sensor control.  The difference between the baseline (pre-sensor) hours and the occupancy sensor hours would be the savings potential in terms of annual hours during which lights could be turned off through the use of occupancy sensors.   

	Room
	Lit
	

	Type
	Occupied
	Unoccupied
	Unlit

	Auditorium
	8%
	11%
	81%

	Cafeteria
	17%
	8%
	75%

	Classroom
	17%
	4%
	79%

	Gymnasium
	12%
	11%
	76%

	Hallway
	23%
	13%
	64%

	Kitchen
	12%
	7%
	81%

	Library
	15%
	9%
	76%

	Locker Room
	12%
	13%
	75%

	Mech. Room
	5%
	6%
	89%

	Office
	21%
	5%
	74%

	Other
	14%
	7%
	79%

	Restroom
	10%
	18%
	73%

	Storage Closet
	2%
	8%
	91%

	Teacher's Lounge
	15%
	6%
	79%


 Table 16: Occupancy/Lighting Status by Room Type

Table 16 presents a tabulation of occupancy and lighting status by room type.  These data are annualized estimates of lit/occupancy percentage and account for the effects of occupancy sensor lag.   Occupancy sensors are typically set to shut off lights when a room has been unoccupied for a pre-determined duration.  In schools, occupancy sensors are usually set for a 30-minute delay.  The final analysis in this study passed the raw metered data through ‘sensor lag’ routines to estimate the number of hours the lights would have operated under sensor control.  This sensor lag effect served to increase the annual sensor-controlled hours by 30-minutes at the end of each operating cycle.  Table 17 presents the results of this analysis in terms of annual operating hours for baseline and sensor-controlled lighting.  

	Room
	Baseline
	Sensor
	Savings
	Potential

	Type
	Hours
	Hours
	Potential
	Hours Saved

	Auditorium
	1,667
	677
	59%
	990

	Cafeteria
	2,196
	1,457
	34%
	739

	Classroom
	1,844
	1,450
	21%
	394

	Gymnasium
	2,076
	1,086
	48%
	990

	Hallway
	3,129
	1,977
	37%
	1,152

	Kitchen
	1,625
	1,041
	36%
	584

	Library
	2,087
	1,340
	36%
	747

	Locker Room
	2,198
	1,086
	51%
	1,112

	Mech. Room
	940
	431
	54%
	509

	Office
	2,236
	1,826
	18%
	410

	Other
	1,826
	1,206
	34%
	620

	Restroom
	2,380
	843
	65%
	1,537

	Storage Closet
	800
	132
	84%
	668

	Teacher's Lounge
	1,879
	1,357
	28%
	522


Table 17: Occupancy Sensor Savings Potential by Room Type

Figure 25 presents these data in graphical form.  This serves to highlight the dramatic amount of savings potential by installing occupancy sensors.  
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Figure 25: Occupancy Sensor Status by Room Type

· Classrooms (21%) and offices (18%) exhibited the lowest savings potential in terms of percent baseline hours.  Unfortunately, field engineers suggest that these are the most popular occupancy sensor locations in the school sector.  
· Existing efficiency programs tend to estimate occupancy sensor savings as 30% or 33% of the baseline hours.  As such, it is noteworthy that the savings potential for classrooms and offices fall short of current assumptions.  
· Mass assembly areas such as auditoriums (59%) and gymnasiums (48%) rank amongst the highest savings potential in schools.  

· Albeit with very low baseline operating hours, both mechanical rooms (54%) and storage closets (83%) possess high savings potential with occupancy sensors.  

· On an absolute “hours saved” basis, the greatest potential exists in restrooms (1,537 hours) and hallways (1,152 hours).

Occupancy Sensor Peak Coincidence and Savings


Similar to the baseline data presented in Table 15, this Table 18 presents the sensor hours and peak coincidence factors by room type.  These data on peak coincidence are based upon empirical evidence demonstrated in the analysis of school monitoring, modeled by computational routines to account for occupancy sensor delay.    

	 
	Sensor
	Coincidence Factors

	Room Type
	Hours
	Summer
	Hours
	Summer

	Auditorium
	               677 
	11%
	10%
	12%

	Cafeteria
	            1,457 
	18%
	22%
	12%

	Classroom
	            1,450 
	9%
	9%
	10%

	Gymnasium
	            1,086 
	15%
	20%
	11%

	Hallway
	            1,977 
	32%
	36%
	33%

	Kitchen
	            1,041 
	4%
	8%
	4%

	Library
	            1,340 
	13%
	15%
	14%

	Locker Room
	            1,086 
	46%
	27%
	40%

	Mechanical Room
	               431 
	10%
	7%
	12%

	Office
	            1,826 
	25%
	17%
	38%

	Other
	            1,206 
	7%
	6%
	9%

	Restroom
	               843 
	10%
	10%
	6%

	Storage Closet
	               132 
	4%
	7%
	5%

	Teacher Lounge
	            1,357 
	9%
	14%
	10%


Table 18: Occupancy Sensor Annual Lighting Hours and Peak Coincidence

Finally, Table 19 presents these data in a format useful for planning of efficiency programs.  Over a typical year, occupancy sensors are expected to save 394 hours of operation in a school classroom.  Using the definitions declared earlier in this report, a total of 12 hours will be saved during the summer peak period, 29 hours during the winter peak period, and 2 hours during the system peak period.  

	 
	Hours Saved Under Sensor Control

	Room Type
	Annual
	Summer
	Winter
	System

	Auditorium
	               990 
	42
	71
	10

	Cafeteria
	               739 
	25
	76
	6

	Classroom
	               394 
	12
	29
	2

	Gymnasium
	               990 
	31
	82
	6

	Hallway
	            1,152 
	44
	120
	11

	Kitchen
	               585 
	20
	49
	4

	Library
	               747 
	24
	73
	4

	Locker Room
	            1,113 
	66
	115
	19

	Mechanical Room
	               509 
	31
	14
	13

	Office
	               410 
	17
	53
	4

	Other
	               620 
	15
	25
	4

	Restroom
	            1,537 
	57
	114
	13

	Storage Closet
	               667 
	37
	71
	9

	Teacher Lounge
	               522 
	21
	32
	5


Table 19: Occupancy Sensor Annual Hours Saved
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� These fourteen (14) room types were selected by the study team prior to start of the field data collection.  RLW examined room-level detail collected across a variety of previously-audited schools.  It was concluded that these types were the predominant areas in a school with significant lighting load that may benefit from the installation of occupancy controls.


� At RLWID 24, two (2) loggers were installed in classroom spaces.


� At the beginning of this project, RLW had expected to be able to provide a two-by-two matrix of room occupation and lighting status.  Not until RLW received the collected data was it learned that the Sensor Switch loggers do not track the occupied/unlit condition.  However, because the results for sensor savings potential are calculated from the absolute durations of the occupied and unoccupied spaces, the results are valid.  


� Original sample of eighty (80) schools minus the one anomalous vocational/technical school.


� The term “baseline hours” is used to refer to the number of hours that a given unit of lighting operates across a typical year prior to the installation of automatic lighting controls.





