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[bookmark: _Toc195079663][bookmark: _Toc53146894]Abstract
ENERGY STAR for buildings was developed circa 2000. In 2016, the U.S. Department of Energy issued a feasibility study about energy efficiency in tenant spaces. In 2020, the U.S. Environmental Protection Agency released ENERGY STAR for Tenant Spaces. 
ENERGY STAR for Tenant Spaces focuses on energy-efficient improvements (e.g., mechanical system, lighting system, and plug loads) that tenants can employ within their space. To provide data into other building system analyses as well as to better reflect the true energy usage of the tenant spaces, the lighting component of ENERGY STAR for Tenant Spaces estimates the energy use of the space. Other analyses exist for the other building systems. 
A review of energy codes and voluntary programs was conducted as well as a review of various metrics. Because energy use is both a function of operating hours and building size, lighting energy was calculated as lighting energy unit intensity (LEUI) to provide a value that can be scaled and compared to that of other spaces. Energy unit intensity is a common building level metric for ENERGY STAR buildings.
LEUI for potential sites for ENERGY STAR for Tenant Spaces is determined by the site-specific operating hours. A baseline lighting power density value of 0.70 W/ft2 is multiplied by the operating hours to set the target LEUI for a site. However, participants in ENERGY STAR for Tenant Spaces can use both a combination of efficient lighting equipment as well as lighting controls to meet the target requirements.
An initial limited pilot project was conducted before the release of ENERGY STAR for Tenant Spaces. The average LEUI for projects that participated in the pilot was 1.94 kWh/ft2. Most projects that participated in the pilot project had an LEUI lower than 2.7 kWh/ft2 which is the average LEUI per the 2012 Commercial Building Energy Consumption Survey.


[bookmark: _Toc195079666][bookmark: _Toc512508456][bookmark: _Toc53146895]Acronyms and Abbreviations
ANSI	American National Standards Institute 
CBECS	Commercial Building Energy Consumption Survey
DOE	U.S. Department of Energy
EEI	energy efficiency index
EIA	U.S. Energy Information Agency
EUI	energy use intensity
kBtu	kilo British thermal unit
kWh	kilowatt-hour
LEED	Leadership in Energy Efficient Design
LEUI	lighting energy use intensity
LPD	lighting power density
M&V	measurement and verification
NRDC	Natural Resources Defense Council
PNNL	Pacific Northwest National Laboratory
Std. 90.1	ANSI/ASHRAE/IES Standard 90.1
Title 24	California Title 24
ULI	Urban Land Institute
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[bookmark: _Toc512508458][bookmark: _Toc53146897]Introduction
As part of the Energy Efficiency Improvement Act of 2015, the U.S. Department of Energy (DOE) in 2016 published Energy Efficiency in Separate Tenant Spaces—A Feasibility Study (DOE 2016). As discussed within the DOE report, one of the challenges in improving energy efficiency in commercial buildings is identifying opportunities and incentives for tenants to save energy.
Commercial building codes and other building standards characterize lighting in the form of lighting power density (LPD), which is the sum of the installed power of lighting equipment in each space. 
ENERGY STAR for Tenant Spaces (in support of the Energy Efficiency Improvement Act of 2015) is focused on the lighting energy unit intensity (LEUI) metric, which considers lighting energy use (i.e., the value changes based on building operating hours).
Pacific Northwest National Laboratory (PNNL) lighting researchers studied and analyzed traditional LPD in energy codes. PNNL also studied the Leadership in Energy Efficient Design (LEED) rating system, the Urban Land Institute (ULI), and the Green Mark for Office Interiors program in Singapore. PNNL presents the results of this analysis in the development of the LEUI metric and inputs, showing that the LEUI gives commercial building owners and tenants a quantifiable tool for working together to improve energy efficiency in commercial buildings. 
[bookmark: _Toc53146898]Analysis
To develop metrics and possible related values for ENERGY STAR for Tenant Spaces, other programs and metrics were reviewed. ENERGY STAR for Tenant Spaces focuses on the energy efficiency of tenant spaces including lighting, mechanical, and other systems. The mechanical analysis needs information about the actual energy usage of the space to partially determine heating and cooling needs. Therefore, ENERGY STAR needed a lighting metric that estimates energy use for lighting. Energy use intensity (EUI) is a metric expressed in other analyses and can serve as the basis for estimating the heating and cooling loads in a building. 
LEUI is independent of area, and the buildings can be compared if the operating hours are the same. This allows buildings of different sizes to be compared if they have the same operating hours. An advantage of LEUI is that it is scalar by operating hours—the value changes depending on the operating hours of the facility. Finally, LEUI allows lighting controls to be used for affecting energy values, whereas LPD values do not.
[bookmark: _Toc53146899]Energy Unit Intensity
EUI is a metric of the energy use per unit area. In the United States, it is often expressed in kilo-British thermal units per square foot (kBtu/ft2) because this unit can incorporate energy used by gas sources. Electricity is measured in units of kilowatt-hours (kWh) and can be converted to kBtu. Because lighting uses electricity, lighting EUI is expressed as kWh/ft2.[footnoteRef:2]  [2:  International programs often express in units of energy use per square meter (e.g., kBtu/m2 or kWh/ft2). International programs might also use a different term for EUI, e.g., Energy Efficiency Index (EEI) (Bakar et al. 2015). When referring to the developed metric within this report, the term EUI will be used and expressed in kWh/ft2.] 

Because the LPD is the amount of installed lighting power per unit area, it can be used to help approximate the LEUI. LEUI can be estimated using Equation 1.
[bookmark: _Ref24016707]Equation 1: Lighting EUI Calculation


Where:
LPD = lighting power density, expressed as W/ft2.
Annual operating hours = number of hours per year of operation – expressed in units of hours.
Control savings = reduction in energy usage as a result of adopting lighting controls.
Load factor = assumptions related to how the space is used in the context of operating hours.
[bookmark: _Toc53146900]Lighting Energy Use Intensities
The DOE Information Agency (EIA) completes a regular survey of energy consumption use known as the Commercial Building Energy Consumption Survey (CBECS) of national energy use. Only two buildings systems reduced energy usage between 2003 and 2012 – lighting and space heating. Figure 1 (from EIA) compares the 2003 and 2012 energy consumption for different building systems (EIA 2016). 
[image: ]
[bookmark: _Ref24018673][bookmark: _Toc53146910]Figure 1. Comparison of building energy use between 2012 and 2003
Figure 2 compares the 2003 and 2012 CBECS LEUI by building types. For all building systems, LEUI decreased between 2003 and 2012. In 2003, LEUI for office spaces was 4.1 kWh/ft2, and by 2012, the value had decreased by roughly 35% to 2.7 kWh/ft2. This reduction stemmed mostly from the installation of more efficient fluorescent lighting and the use of lighting controls.


[image: Inline image 1]

[bookmark: _Ref494267133][bookmark: _Toc53146911][bookmark: _Toc494165177]Figure 2. Comparison of U.S. LEUIs in 2003 and 2012
The Green Mark for Office Interiors in Singapore, a tenant-related energy efficiency program cited by the DOE Feasibility Study (DOE 2016), indirectly recommended an LEUI between 2.23 and 2.97 kWh/ft2 for tenant spaces. CBECS 2012 states that typical offices in the U.S. have an LEUI of 2.7 kWh/ft2.
ENERGY STAR for Tenant Spaces analyzed different energy efficiency programs, energy codes, and technical potential and developed a target LEUI for ENERGY STAR for Tenant Spaces. The target LEUI changes linearly with the space’s operating hours. Table 1 lists the target LEUI values based on the given operating hours developed from a thorough analysis. 
[bookmark: _Ref494171253][bookmark: _Toc53146914]Table 1. ENERGY STAR for Tenant Spaces target LEUI values
	Daily Operating Hours
	LEUI
(kWh/ft2)

	8
	1.46

	9
	1.64

	10
	1.82

	11
	2.00

	12
	2.18



The target LEUI of ENERGY STAR for Tenant Spaces is lower than both CBECS 2012 and the values cited by the DOE Feasibility Study. The ENERGY STAR for Tenant Spaces is a target value for sites for energy efficiency as well as both the CBECS 2012 and the DOE Feasibility Study values are older values.
[bookmark: _Toc53146901]Target LEUI Development for ENERGY STAR for Tenant Spaces
An analysis was conducted to determine the baseline LPD, operating hours, control savings, and load factor for the target LEUI.
[bookmark: _Toc53146902]Lighting Power Density
LPD is the total amount of power of the lighting equipment installed divided by the area encompassing the equipment. Equation 2 presents the formula for LPD, which in the United States is expressed as W/ft2.[footnoteRef:3]  [3:  Internationally, it might be expressed in units of W/m2. Although LPD is often used, some programs might also use the term “lighting power budget.”] 



[bookmark: _Ref494096831]Equation 2. LPD calculation
Most energy codes use LPD as the primary metric. LPD is a representation of the total amount of lighting power installed in a building but is a poor representation of the energy used by the lighting system. For example, consider two convenience stores of the same size and design, but one operates for 18 hours and the other operates 24 hours per day. Using LPD as the metric, both stores would appear to have the same amount of power installed, but once usage is factored in, the 24-hour building uses more energy. 
LPD is a limited representation of energy because it is an expression of the installed power and not actually in use at any one time. A conference room in a building may have a sizable portion of the building’s total lighting installed (e.g., 20%) but may only be used a portion (e.g., 30%) of the day; therefore, the usage of the space is not represented by the LPD. 
The 2003 and 2012 CBECS LEUIs can be reverse engineered to estimate a potential underlying LPD. Table 2 provides an estimate of the possible LPD values of office spaces by comparing 2003 and 2012 CBECS values. The LPD values in Table 2 were developed assuming a control factor of 1.00, which means no use of controls. It also assumes a load factor of 1.00, meaning that all equipment is operating for all given operating hours. These assumptions are partially to make the calculation process easier but also help determine the total power necessary to generate the given LEUI values. 
[bookmark: _Ref53043032][bookmark: _Toc494165178][bookmark: _Toc53146915]Table 2. Daily operating hours and LPD values necessary for CBECS LEUI values
	Daily Operating Hours
	4.1 kWh/ft2 LEUI
2003 CBECS
	2.7 kWh/ft2 LEUI
2012 CBECS

	8
	1.97
	1.30

	9
	1.75
	1.15

	10
	1.58
	1.04

	11
	1.43
	0.94

	12
	1.31
	0.87


As shown in Table 2, reverse engineering the 2012 CBECS data indicates that the LPD values in offices as characterized by 2012 CBECS were between 0.87 and 1.30 W/ft2. 
Energy Codes
Virtually all current energy codes are forms of building codes. Building code documentation is completed before the building is occupied, making it hard for energy codes to use other metrics that are a function of real building occupancy and use that might better reflect actual energy usage. Voluntary programs and research can focus on energy use and often rely on energy use per unit area because energy use scales per building size.
ANSI/ASHRAE/IES Standard 90.1
Standard 90.1 (Std. 90.1) was first published in 1975, with revised editions following in 1980, 1989, 1999, 2001, 2004, 2007, 2010, 2013, and 2016. Std. 90.1 is an American National Standards Institute (ANSI) document developed by ASHRAE and the Illuminating Engineering Society. A version of Std. 90.1 is either the standard or the minimum energy code for most of the United States. Std. 90.1 sets LPD and lighting control requirements for spaces and building types. 

Std. 90.1 has multiple LPD compliance options, including the space-by-space and building area methods. In the space-by-space method, each space is assigned an LPD based on its type. In contrast, the building area method assigns an LPD according to the building type.
Typical spaces within a tenant space may include: (1) corridors; (2) electrical and mechanical rooms; (3) lounge and break rooms; (4) restrooms; (5) lobbies; (6) enclosed offices; (7) open-plan offices; (8) conference rooms; (9) active storage spaces; and (10) copy and print rooms. Table 3 provides the LPD values for different spaces, as well as those developed via the building area method for offices, for different versions of Std. 90.1 (Std. 90.1-2007, Std. 90.1-2007, Std. 90.1-2010, Std. 90.1-2013, Std. 90.1-2016, Std. 90.1-2019). Building area method values are developed using a weighted average of the spaces within a building.
[bookmark: _Ref494103209][bookmark: _Toc494165179][bookmark: _Toc53146916]Table 3. Std. 90.1 LPD values
	
	
	90.1-2007
	90.1-2010
	90.1-2013
	90.1-2016
	90.1-2019

	Space-by-Space Method
	Corridor
	0.5
	0.63
	0.66
	0.66
	0.41

	
	Electrical/ mechanical
	1.5
	0.95
	0.42
	0.43
	0.43

	
	Lounge/break
	1.2
	0.73
	0.73
	0.62
	0.59

	
	Restrooms
	0.9
	0.98
	0.98
	0.85
	0.63

	
	Lobby
	1.3
	0.90
	0.90
	1.00
	1.11

	
	Enclosed office
	1.1
	1.10
	1.11
	0.93
	0.74

	
	Open office
	1.1
	0.98
	0.98
	0.81
	0.61

	
	Conference room
	1.3
	1.23
	1.23
	1.07
	0.97

	
	Active storage
	0.8
	0.63
	1.24
	0.97
	0.40

	
	Copy/print room
	N.D.
	N.D.
	0.72
	0.56
	0.31

	Building Area Method
	Office building
	1.00
	0.90
	0.82
	0.79
	0.64


Depending on when the building was constructed or underwent large-scale renovation, the LPD can vary as shown in Table 3. Using the building area method as a proxy for tenant spaces, most code-compliant offices would have an LPD equal to or less than 0.64 to 1.0 W/ft2 depending on when they were constructed or renovated. There is typically a multi-year gap between completion of a new version of Standard 90.1 and adoption by a municipality. A majority of the states, as well as the District of Columbia, have an energy code that is at least as efficient as Std. 90.1-2007 (1.0 W/ft2) and Std. 90.1-2010 (0.90 W/ft2) (BECP 2019).
[bookmark: _Toc494165168]Title 24
Title 24 is California’s energy code. Like Std. 90.1, Title 24 sets LPD values for different spaces. Title 24 values differ from 90.1 because of how underlying variables (e.g., surface reflectance values, choice of light fixtures, and efficacy of light fixtures) are factored into development of the LPD. Table 4 presents the Title 24 LPD for typical tenant spaces for the 2013, 2016, and 2019 versions of Title 24 (CEC 2012, CEC 2015, CEC 2018).
[bookmark: _Ref494170939][bookmark: _Toc494165181][bookmark: _Toc53146917]Table 4. Title 24 LPD values
	
	
	Title 24-2013
	Title 24-2016
	Title 24-2019

	
	Corridor
	0.60
	0.60
	0.60

	Space-by-Space Method
	Electrical/mechanical
	0.70
	0.55
	0.40

	
	Lounge/break
	1.10
	0.90
	0.65

	
	Restrooms
	0.60
	0.60
	0.65

	
	Lobby
	1.50
	0.95
	—

	
	Enclosed office
	0.75
	0.75
	0.65

	
	Open office
	1.00
	1.00
	0.60

	
	Conference room
	1.40
	1.20
	0.85

	
	Active storage
	0.60
	0.60
	—

	
	Copy/print room
	0.60
	0.60
	0.50

	Building Area Method
	Office
	0.80
	0.80
	0.65


Title 24 adoption is faster than adoption of Std. 90.1 because Title 24 is California’s state energy code. California develops and adopts in a regular fashion compared to Standard 90.1 which newer version are developed and then states adopt the newer versions at different time.
Voluntary Programs
[bookmark: _Toc494165171][bookmark: _Ref24029435][bookmark: _Toc494165169]Green Mark for Office Interiors Program in Singapore
DOE 2016 study also reviewed international programs including the voluntary Green Mark for Office Interiors program in Singapore. DOE summarizes Singapore’s lighting metric as follows:
“…there are specific operational criteria to Singapore’s program. As an example, office interiors pursuing Green Mark certification at any level must meet the prerequisite requiring that the office’s temperature setting is no lower than 24 degrees Celsius. Those seeking a GoldPlus rating must have an energy efficiency index (EEI) not exceeding 80 kWh/m2/year (or 7.43 kWh/ft2/year) and a lighting power budget of 11 W/m2 or (1.02 W/ft2) or lower.”
DOE 2016 states that lighting accounts for approximately 30–40% of commercial building energy consumption. Combining the 30 – 40% of commercial building energy as lighting and the Green Mark maximum of 7.43 kWh/ft2/year, the lighting EEI would be between 2.23 kWh/ft2/year (30% lighting as 30% building energy usage) and 2.97 kWh/ft2/year (lighting as 40% building energy usage).
Table 5 calculates the range (based on daily operating hours) of LPDs for these two values assuming normal 5-day office operation. The LPD values in Table 5 assume no potential curtailment from lighting controls.
[bookmark: _Ref494163196][bookmark: _Toc494165184][bookmark: _Toc53146918]Table 5. Analysis of Green Mark for Office Interior requirements in Singapore
	Daily Operating Hours
	LPD if Lighting is 2.23 kWh/ft2/year
	LPD if Lighting is 2.29 kWh/ft2/year

	
	8
	1.07 W/ft2
	1.43 W/ft2

	
	9
	0.95 W/ft2
	1.27 W/ft2

	
	10
	0.86 W/ft2
	1.14 W/ft2

	
	11
	0.78 W/ft2
	1.04 W/ft2

	
	12
	0.71 W/ft2
	0.95 W/ft2


The lighting EUIs indirectly referenced by the Green Mark GoldPlus rating are would have LPDs between 0.71 to 1.43 W/ft2, depending on the assumed operating hours and the portion of the building’s energy use attributable to lighting. However, the Green Mark program explicitly limits the lighting LPD to 1.02 W/ft2. As shown in Table 5, most the LPDs for the 2.29 EUI are greater than this 1.02 W/ft2 value. The 1.02 W/ft2 requirement by the Green Mark program indicates is the lighting EUI is closer to 2.23 kWh/ft2/year. 
LEED Commercial Interiors
LEED v4.1 for Interior Design and Construction (LEED IDC) is a voluntary energy efficiency program with a point system for both new and existing projects including commercial interiors, retail, and hospitality spaces. Within LEED IDC, a Tenant Systems category, has requirements for lighting power density to help achieve points for a LEED rating (USGBC 2020). Participants in LEED IDC must reduce the LPD below that described in Std. 90.1-2016 by using either the space-by-space method or applying the whole-building lighting power allowance to the entire tenant space. Table 6 lists the reduction below Std. 90.1 for LEED IDC, LEED points, and the resultant LPD to receive the points. 
[bookmark: _Ref494102450][bookmark: _Toc494165182][bookmark: _Toc53146919]Table 6. LEED points for reduction below Std. 90.1
	Reduction Below the Std
	LEED IDC
	Standard 90.1-2016

	
	Reference Std
	Points
	Building Area Method LPD
	LPD to meet applicable LEED IDC

	15%
	Std. 90.1-2016
	1
	0.79
	0.67

	30%
	Std. 90.1-2016
	2
	0.79
	0.55

	45%
	Std. 90.1-2016
	3
	0.79
	0.37


[bookmark: _Toc494165170]Tenant Energy Optimization Program
The Tenant Energy Optimization Program operated by the ULI integrates energy efficiency into tenant space design and construction. ULI states that tenants using the step-by-step design and construction process typically demonstrate energy savings of 30 to 50%. ULI’s Tenant Energy Optimization Program built on the National Resources Defense Council (NRDC)-supported High-Performance Tenant Demonstration Project. 
[bookmark: _Hlk53464900]With the ULI Tenant Energy Optimization Program measurement and verification guide, the guide often characterizes high-efficiency lighting as having an LPD of 0.7 W/ ft2 (ULI 2020). The ULI document states that the energy design baseline is Std. 90.1-2007. The ULI document also mentions other LPD values, but the 0.7 W/ft2 value is mentioned the most and is considered to reflect high efficiency. 
As started earlier, ULI’s Tenant Energy Optimization Program was built on the NRDC tenant program. Materials for the NRDC tenant optimization program included the energy performance measure for lighting the LPD to be 0.7 W/ ft2 or lower (NRDC 2011). Within the energy model template, NRDC also provides their assumptions related to the space mixture for a tenant space. It should be noted that the NRDC’s assumptions about tenant spaces differ from the underlying assumptions in the 90.1 models related to portions of offices. As a result of the different mixture of spaces, the LPD values could differ between programs.
[bookmark: _Toc494165172]ENERGY STAR for Tenant Spaces LPD Value Development
[bookmark: _GoBack]To establish an LEUI metric, ENERGY STAR had to establish the base LPD for the LEUI value to build from. An LPD value of 0.70 W/ft2 was selected for ENERGY STAR for Tenant Spaces. The value of 0.70 W/ft2 is similar to values from LEED. 
Table 7 compares the proposed based LPD base for ENERGY STAR for Tenant Spaces LEUI to other codes and programs.
[bookmark: _Ref15393527][bookmark: _Toc53146920]Table 7. Comparison of ENERGY STAR for Tenant Spaces base LPD and applicable programs
	Code/Program
	Code or Program
LPD
	Target LEUI Underlying LPD 
	Notes

	Std. 90.1-2007
	1.00 W/ft2
	0.70 W/ft2
	

	Std. 90.1-2010
	0.90 W/ft2
	0.70 W/ft2
	

	Std. 90.1-2013
	0.82 W/ft2
	0.70 W/ft2
	

	Title 24-2016
	0.80 W/ft2
	0.70 W/ft2
	

	Title 24-2013
	0.80 W/ft2
	0.70 W/ft2
	

	Std. 90.1-2016
	0.79 W/ft2
	0.70 W/ft2
	

	ULI/NRDC
	0.70 W/ft2
	0.70 W/ft2
	

	LEED IDC – 1 pt
	0.67 W/ft2
	0.70 W/ft2
	15% less than 90.1-2016

	Std. 90.1-2019
	0.65 W/ft2
	0.70 W/ft2
	

	Title 24-2019
	0.64 W/ft2
	0.70 W/ft2
	

	LEED IDC – 2 pt
	0.55 W/ft2
	0.70 W/ft2
	30% less than 90.1-2016

	LEED IDC – 3 pt
	0.37 W/ft2
	0.70 W/ft2
	45% less than 90.1-2016


Although the ENERGY STAR for Tenant Spaces underlying LPD value of 0.70 W/ft2 is greater than the Standard 90.1-2019 level for an office building using the area method (0.64), no state has adopted this standard because it was just published. As stated earlier, there is typically a multi-year gap between completion of a new version of Standard 90.1 and adoption by a municipality. 
The ENERGY STAR for Tenant Spaces underlying LPD value of 0.70 ft/2 is lower than the Title 24-2016 level and greater than the Title 24-2019 level. Unlike Standard 90.1, Title 24 is adopted more quickly because it is designed, managed, and implemented solely by California.
[bookmark: _Toc53146903]Operating Hours
ENERGY STAR for Tenant Spaces allows users to input the number of hours per week needed to calculate the target LEUI for their space. The LEUI is determined by multiplying the target LPD by the inputted operating hours.
Table 8 shows the daily operating hours, the target LPD, and other factors to arrive at the ENERGY STAR for Tenant Spaces target LEUI. The target LEUIs in Table 8 are the same as those shown in Table 1. 
[bookmark: _Ref53044350][bookmark: _Toc53146921]Table 8. ENERGY STAR for Tenant Spaces target LEUI values
	Pre-determined Target LPD
	Daily Operating Hours
	Days/Week
	Weeks/ Year
	Convert to kWh
	Target LEUI
(kWh/ft2)

	0.70 W/ft2
	8
	5
	52
	1,000
	1.46

	0.70 W/ft2
	9
	5
	52
	1,000
	1.64

	0.70 W/ft2
	10
	5
	52
	1,000
	1.82

	0.70 W/ft2
	11
	5
	52
	1,000
	2.00

	0.70 W/ft2
	12
	5
	52
	1,000
	2.18


[bookmark: _Toc53146904]Lighting Controls
Lighting controls include occupancy (or vacancy) sensors that reduce the lighting when a space is unoccupied, daylight responsive controls, tuning, time-based controls, or other types of controls. All energy codes have varying requirements for lighting controls, but both the ULI and NRDC documents stress that daylighting and occupancy sensor lighting controls should be used as efficiency measures beyond a reduced LPD.
In the development of the target LEUI, it was assumed that lighting controls were used on a limited basis. However, to determine if the space meets ENERGY STAR for Tenant Spaces requirements, a set of control savings was developed. The set uses estimated average control savings from a lighting controls meta-analysis (Williams et al. 2011). Determining control savings can involve costly measurement and verification (M&V) equipment. The costs and complexity of M&V can be a deterrent to participation, so estimated savings were used. Table 9 presents the types of controls, associated savings, and a description of the savings.
[bookmark: _Ref53045341][bookmark: _Toc53146922]Table 9. ENERGY STAR for Tenant Spaces average lighting control savings
	Control Type
	Average Control Savings
	Description

	Vacancy Sensor
	24%
	Sensors that allow for the user in the site manually turn on the lighting and the sensor automatically turns off the light (or reduces output) when no movement is detected in the space. The meta-analysis does not differentiate values for occupancy sensors and vacancy sensors.

	Occupancy Sensor
	24%
	Sensors that allow for the user in the site manually turn on the lighting and the sensor automatically turns off the light (or reduces output) when no movement is detected in the space. The meta-analysis does not differentiate values for occupancy sensors and vacancy sensors.

	Daylight Responsive Controls
	28%
	Control strategy that either turns off or dims the electric lighting in response to the available daylight.

	Tuning
	31%
	The reduction of lighting in the space based on visual or occupant preference—may also be known as high-end trim.

	Multiple Controls Approach
	38%
	Lighting controls are not additive. The meta-analysis found that when multiple control strategies were used, the savings were roughly 38%.


[bookmark: _Toc53146905]Load Factor
M&V can add both cost and complexity to projects. To accurately determine the actual hours that each space is occupied, and the lighting is operating beyond the easy capabilities for most sites. Therefore, the underlying analysis for ENERGY STAR for Tenant Spaces is the assumption that all spaces were operating the full operating hours of the space.
[bookmark: _Toc53146906]Summary
The target LEUI for ENERGY STAR for Tenant Spaces was determined using conservative values (i.e., no controls and a constant load). Program participants can meet the target LEUI in multiple ways. 
1. Careful selection of lighting equipment and good lighting design. This method could result in an LPD less than 0.70 W/ft2.
2. Significant use of lighting controls. A space could have an LPD greater than 0.70 W/ft2 and use lighting controls to meet the target LEUI. 
3. A combination of lighting equipment and lighting controls.
Analysis	4

[bookmark: _Toc53146907]Pilot
STAR for Tenant Spaces conducted a limited pilot study to test the program interface, data inputs, and other aspects of the program. Roughly 60 buildings and sites participated in the study, with tenant spaces ranging in size from 8,000 to 400,000 ft2. More than 75% of the organizations and sites in the pilot study met the ENERGY STAR for Tenant Space criteria for their applicable conditions.
There were some outlying data in the pilot study. Two sites (74 and 92) had LPD values that were extremely high—399 and 3,301 W/ft2, respectively. These sites had LEUI values of 0 (site 74) and 622 (site 92). In contrast, there were 10 sites with calculated LPD values lower than 0.40 W/ft2, which is lower than most known comparable projects. Sites 31, 44, 49, 56, 58, 78 (three buildings), 98, and 146 had LPD values between 0.12 and 0.39 W/ft2. Both sets of outlying sites should be evaluated for more in-depth review. Both sets of sites (extremely high or very low LPDs) are outliers. This is most likely a result in data entry as these values are well beyond the norms or reality.
Figure 4 plots (circles) lighting energy consumption as a portion of the building energy (as calculated by the ENERGY STAR for Tenant Spaces tool) compared to the LEUI values of the spaces. In Figure 4, the dashed line represents an LEUI value of 2.7 kWh/ft2 as the CBECS 2012 reference point. The diamonds in the figure represent the target LEUI derived from multiplying the target LPD by the user-input operating hours.
 
[bookmark: _Ref53045988][bookmark: _Toc53146913]Figure 4. Lighting as a portion of building energy compared to LEUI
Figure 4 demonstrates that participating buildings in ENERGY STAR for Tenant Spaces would be more efficient than those represented by CBECS 2012. The fact that 75% of the organizations who participated in the pilot study achieved the target LEUI demonstrates that the established target is achievable, although not all sites will easily meet it. 
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User inputs information about lighting system

	Fixture Name
	Light Source
	Number of Bulbs
	Bulb Wattage
	Fixture Wattage
	Total # of Fixtures
	Motion Sensor
	Daylight Sensor
	Tuning

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	



	Inputs
	Options
	

	Light_source
	Open input
	

	Number_of_bulbs
	Integer
	

	Bulb_wattage
	Integer
	

	Fixture_wattage
	Integer (reality could be a decimal, but integer is best)
	

	Total_#_of_Fixtures
	Integer
	

	Motion_Sensor
	Three options: None, vacancy sensor, occupancy sensor
	

	Daylight_Sensor
	Binary options: Yes, no
	

	Tuning
	Binary options: Yes, no
	


Calculate Fixture_load
Calculate Fixture_load per Figure Name =  or

NOTE: The calculation assumption (which will be stated in the user text) is that if two quantities of the same fixture name (e.g., A1) are controlled by different control options (e.g., five A1 fixtures are controlled only by a vacancy sensor, and seven A1 fixtures are controlled only by a daylight sensor), they will be listed in separate rows of the table. It is acceptable if they have the same fixture name designation.
Calculate lighting power density (LPD)
Total_Fixture_Load 
Tenant_star_internal_loads.lpd is a value used for the mechanical analysis and is output from the lighting information. It needs the tenant floor/suite usable floor area value entered by the user beforehand.
Tenant_star_internal_loads.lpd = 
NOTE: Reasonably, the LPD should be between 0.4 and 2.0. Anything beyond that range should probably include a note for the user to verify that their data is correct.
If there are multiple floors: 
Weighted_Tenant_star_internal_loads.lpd = 
Calculate fixture energy
Fixture_Energyi = 
Fixture_Load is calculated early (Step 2).
Yearly_operating_hours = entered by user earlier as weekly operating hours—use the raw value that was entered and calculated, NOT the lookup shown in the mechanical tables. Multiply the weekly operating hours × 52 weeks.
Load factor is now default to 1.0 but might be a value less than 1.0 in the future to better reflect the use of the space.
Control Savings: (1 – CSx)

	Control Input
	Control Options
	Control Factor
	Values

	Motion_Sensor
	None 
	CFms_N
	0

	
	Vacancy sensor
	CFms_V
	0.24

	
	Occupancy sensor
	CFms_O
	0.24

	Daylight_Sensor
	Yes
	CFds_Y
	0.28

	
	No
	CFds_N
	0

	Tuning
	Yes
	CFt_Y
	0.31

	
	No
	CFt_N
	0

	Multiple options
	If a fixture has multiple control options selected
	CFmultiple
	0.38


Calculate total fixture energy
Total_Fixture_Energy = 
Calculate LEUI
LEUI = 
If multi-floor/suite space, LEUI = 
Calculate LEUItarget

BaselineLPD = 0.70 W/ft2. While it may change in the future, this value is very close to the finalized value.
Determine if site meets target LEUI

	Condition
	Result

	LEUI<
	Yes

	LEUI>
	No
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Figure 6. Space heating and lighting energy use in 2012 substantially lower than in
2003
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