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The Commercial and Industrial Lighting Controls Evaluation Protocol (the protocol) describes methods to account for energy savings resulting from the programmatic installation of lighting control equipment in large populations of commercial, industrial, government, institutional, and other nonresidential facilities. This protocol does not address savings resulting from changes in codes and standards or from education and training activities.[footnoteRef:2]  [2:  This protocol will only address lighting control measures that are automated and do not require behavioral actions by space occupants such as “tuning” the light levels for different tasks.     ] 

Historically, lighting control equipment has accounted for a relatively small portion of cost-effective, electric energy-efficiency resources in the United States. However, there is a trend toward increasing the use of lighting controls, which are the result of building efficiency certification standards (such as LEED) and the increased prevalence of demand-response programs. 
Typically, lighting controls are not a sufficiently large component of an energy-efficiency program to warrant their own evaluation effort, so these measures tend to be included as a small part of a commercial and industrial (C&I) program evaluation. Thus, there has been little effort to move beyond either post-installation metering or merely applying a control savings factor (CSF) of 30%.[footnoteRef:3]   [3:  This savings percentage of 30% for occupancy sensors has been adopted and borrowed in so many TRMs and public savings documents that the exact origin of this number is difficult to trace.  ] 

For this evaluation protocol, it is assumed that lighting controls are the focus and that the primary data captured will be used to inform the evaluation or to determine deemed savings in a technical reference manual (TRM). By following the methods presented here, evaluators can measure the energy savings from lighting controls installed through efficiency programs in a manner that is consistent across different jurisdictions or regions. The resulting data will provide planners, policy makers, regulators, and others with sound, comparable information to use in comprehensive energy planning. 
Measure Description
An “energy-efficient measure” is a set of actions and equipment changes―as compared to standard or existing practices―that result in reduced energy use while maintaining the same or improved service levels for customers or processes. 
In addition to delivering light levels required for activities or processes in facilities, lighting control measures either shut off the lighting fixtures when the space is unoccupied, or operate the lighting at reduced power when ambient light levels are high. The baseline condition for retrofit installations is typically that the lighting would operate at normal power levels or when the space is unoccupied.[footnoteRef:4]  New construction baseline conditions are typically provided by state and local building codes which vary widely throughout the country, but typically require some form of lighting control for most interior lighting.  A more detailed discussion of baselines is provided  [4:  In this case “normal” refers to the fixtures operating at full power and is applicable for all forms of lighting control applications during business operating hours.] 

Lighting control measures in commercial, industrial and other nonresidential facilities include: 
Sweep controls/energy management system that shut off lighting at a set time, typically after normal operating hours;
Lighting occupancy sensors (OS) that turn lights on or off based on a space occupancy conditions; and 
Dimming control systems
Stepped dimming systems such as dual ballasts (inboard/outboard)
Dual ballast high/low high-intensity discharge (HID)[footnoteRef:5] [5:  These types of HID fixtures typically have only one lamp that can be operated at two different output levels by a two stage ballast, which is different from the stepped dimming systems that dim by controlling lamps that are powered by a single ballast.   ] 

Continuous daylight dimming systems 

Application Conditions of Protocol
The protocol applies to the installation of commercial, industrial, and nonresidential lighting control measures in customer facilities resulting from energy-efficiency programs, which have varying delivery methods, depending on target markets and customer types. Primarily, the delivery method can be distinguished by the parties receiving incentive payments from a program. While the methods described in this protocol apply to all programs, the issues with customer and baseline equipment data vary with each. These are the common program delivery types:
1. Incentive and Rebate: Under this delivery method, administrators pay program participants in target markets for installing lighting control measures. Participants receive an incentive payment, based on annual energy savings ($/kWh) for each installed measure or based on demand savings ($/kW). Participants can be design teams, contractors, building owners, or building managers. Savings can be estimated through one or more of these techniques:
Using simple engineering calculations
Using a measurement and verification process, by measuring key parameters such as equivalent full load hours (EFLH), controlled fixture wattages, or a control savings factor as part of project implementation. 
Programs also may pay rebates for specific lighting control equipment types (for example, ceiling-mounted occupancy sensors), with the program utilizing assumptions about replaced equipment; thus, increased administrative efficiency is exchanged for less certainty about baseline conditions and, therefore, savings. 
Incentive programs often collect more detailed baseline data than do rebate programs. Incentive programs commonly collect extensive data regarding controlled equipment wattages and hours of operation, which facilitates the determination of savings impacts. Although rebate programs typically start with useful information regarding the quantity of lighting control equipment, these programs do not always collect data about controlled fixtures. 
2. Direct Install: Under this delivery method, contractors engaged through a program install lighting control equipment in customer facilities. The programs pay contractors directly, while the customers receive a lighting control measure free or at a reduced cost. Direct-install programs target hard-to-reach customers—typically small businesses—overlooked by contractors who work through incentive and rebate programs. Lighting controls measures are not typically the focus of direct install programs but they may be an eligible measure.
In addition to being distinguished by delivery methods, commercial, industrial, and nonresidential lighting programs (which include lighting controls) can be classified as targeting either retrofit (serving existing facilities) or new construction markets. The program delivery types described above apply to retrofit programs. New construction programs primarily employ incentives and rebates to acquire energy-efficiency reductions. 
New construction programs present evaluators with a dilemma in establishing baselines for buildings that have never existed. This problem is addressed by referring to new construction energy codes for commercial, industrial, and nonresidential facilities (usually by referencing ASHRAE Standard 90.1 or IECC). The ASHRAE Standard defines lighting controls under section 9.4.1, which are mandatory for interior lighting in buildings larger than 5,000 ft2.[footnoteRef:6] Other federal, state, and local standards may set additional baseline constraints on lighting controls.  [6:  ASHRAE 90.1 2004 page 61 addresses mandatory provisions and exceptions for lighting controls in new constructed buildings. ] 


[bookmark: _Ref315039623]Savings Calculations 
Project and program savings for lighting controls and other technologies result from the difference between retrofit use and the use that would have occurred had the measure not been implemented (the baseline). The fundamental savings equation is this: 
Energy or Demand Savings = (Baseline Period Energy Use – Reporting-Period Energy Use) ± Adjustments
The equation’s adjustments term calibrates baseline and/or reporting use and demand to the same set of conditions. Common adjustments account for changes in schedules, occupancy rates, weather, or other parameters that change between baseline and reporting periods. Adjustments are commonly applied to HVAC measures, but are less commonly applied for lighting measures— or adjustments are inherent in the algorithms for calculating savings. 
[bookmark: _Ref315039614]Algorithms
The following equations calculate primary energy  savings for lighting control measures in commercial, industrial, nonresidential facilities: 
[bookmark: _Ref315007423]Equation 1: Lighting Control electric energy savings
kWh Savelc = kWcontrolled * EFLH * CSF 
where: 
kWh Savelc = Annual kWh savings resulting from the lighting control project 
kWcontrolled = Sum (Fixture Wattage * Quantity Fixtures) for controlled fixtures 
EFLH = Annual Equivalent Full Load Hours 
CSF = Control Savings Factor is the annualized reduction factor calculated across the EFLH
Equation 2: Interactive cooling electric energy savings
kWhinteract - cool = kWcool x  IFc x Hourscool
Equation 3: Interactive heating electric energy savings
kWh interact - heat =  kWheat x  IFh x Hoursheat
where:
kWhinteract – cool = Interactive cooling savings due to lighting control project
kWcool = Mean kW reduction coincident with the cooling hours
Hourscool = Hours when the space is in cooling mode
IFc = Interactive cooling factor, ratio of cooling energy reduction per unit of lighting energy; due to reduction in lighting waste heat removed by HVAC system 
kWhinteract –heat = Interactive heating penalty due to lighting control project, will be a negative value
kWheat = Mean kW reduction coincident with the heating hours
Hoursheat = Hours when the space is in heating mode
IFh = Interactive heating factor, ratio of heating energy increase per unit of lighting energy; due to reduction in lighting heat removed by HVAC system
Equation 4: Total annual energy savings
kWh Savetotal =  kW Savelc +  kWhinteract – cool + kWhinteract –heat
Role of the Lighting Control Program Implementer
Successful application of the protocol requires standard data collected in a prescribed format as part of the implementation process. The protocol further requires tracking project and program savings that are estimated on the basis of those standard data. 
The implementer is responsible for ensuring the collection of data required to track program activity and calculate savings at the project level. The implementer is responsible for maintaining a program activity record including anticipated savings by project.
Implementation Data Requirements
The protocol recommends that the program implementer collect and archive for all projects, all data needed to execute the savings algorithms. These data are: 
· Controlled fixture inventory including fixture wattage
· Controlled fixture quantities
· Controlled fixture baseline lighting EFLH 
· Control Savings Factor
· Usage group assignments
· Heating and cooling equipment types
· Interactive factor for cooling (optional)
· Interactive factor for heating (optional)
Facilities, or spaces within facilities where the project is installed, are classified as cooled/uncooled, heated/unheated, and information about the heating and cooling equipment and fuel type for each should be recorded. This information is used to estimate interactive effects. 
Implementation Data Collection Method
The protocol recommends that participants collect and submit the required data as a condition for enrolling in the program. The protocol also recommends that the implementer specify the data reporting format, either by supplying a structured form such as a spreadsheet, or by specifying the data fields and types used when submitting material to the program. The format must be electronic, searchable, and sortable. The format must support combining multiple files into single tables for analysis by the implementer. Faxes, or PDF and JPEG formats do not meet these criteria. Microsoft Excel and comma separated text files are acceptable formats. 
The data reporting format should be structured to allow verification of the project installation. Each record or line in the report is a collection of identical fixture types installed in an easily located room, floor or space; and belonging to one usage group. Table 1 lists fields required in the data reporting format. 

[bookmark: _Ref326083553]Table 1: Required Lighting Control Data Fields
	Field
	Note

	Location
	Floor number, room number and other descriptions

	Usage group
	 

	Location cooling
	Yes/no

	Location cooling type
	Water cooled chiller, air cooled chiller, packaged DX, etc.

	Location cooling fuel
	Electric, non-electric

	Location heating
	Yes/no

	Location heating type
	Boiler steam/hydronic, heat pump, forced air, strip heat, etc. 

	Location heating fuel
	Electric, non-electric

	Controlled fixture type
	From lookup table supplied by implementer, manufacturers cut sheet

	Controlled fixture count
	 

	Controlled fixture wattage
	From lookup table supplied by implementer, manufacturers cut sheet

	Pre-control EFLH
	 Requirement for pre-metering depends on control type

	Control Savings Factor
	Will be calculated using pre/post or post only data

	IFc
	Interactive factor for cooling, from lookup table, optional

	IFh
	Interactive factor for heating, from lookup table, optional 

	kWhsave
	Will be calculated using pre/post or post only data



For each project, lighting contractors or other program participants should be required to record: (1) the types, quantities, and wattages of all lamps, ballasts and fixture types controlled by a lighting control measure; and (2) all lighting control equipment types and locations throughout the facility.  For lighting control measures that reduce the power output of a fixture, the dimming controls must also be described so that each increment of light reduction can have the appropriate kW value established.  Daylight dimming systems should have the ambient light sensor location identified and the minimum power level specified so that the system can be modeled using building simulation software, if necessary. (Note that the sensor location is not required if a spreadsheet savings estimation approach is used.)
The protocol recommends integrating verification of savings into the program administrative process, particularly regarding data tracking. Impact evaluations of lighting efficiency and lighting controls programs are highly dependent on data developed in conjunction with the lighting retrofit construction process. These data should be collected and reported by the project contractor.
The administrator should employ a third-party expert to conduct periodic systematic reviews and inspections of a sample of completed projects to verify the accuracy of data in the lighting inventory forms. The sampling procedure should be implemented randomly on a fixed-percentage basis of approximately 10% at first, so that the contractor cannot predict which projects will be inspected. In addition to requiring the contractor to correct discrepancies, the administrator may choose to impose penalties for egregious or repeated errors. Once a contractor has proven to be reliable, the sampling percentage can be reduced but the random sampling procedure should be maintained.

Role of the Evaluator
The role of the evaluator is to determine the energy savings that result from the operation of lighting control efficiency programs. The procedure is to review a sample of completed projects including conducting on-site measurement and verification activities, calculate a realization rate (the ratio of evaluator to implementer anticipated savings), and use the realization rate to adjust the implementer anticipated savings. 
Evaluator Data Requirements
The protocol recommends that the program evaluator collect the same data as the implementer. As described in the Measurement and Verification Plan section, the evaluator must have access to the implementation lighting inventory forms and participant application material for each project in the sample.  
Evaluator Data Collection Method
Under the protocol the implementer provides the evaluator with a copy of the program and project data tracking record for the evaluation review period. The record includes the fields in Table 1.  The implementer also provides all records for the projects in the evaluation review sample including application material and site contact information. 
[bookmark: _GoBack]The protocol recommends that the evaluator collect additional measurement and verification data during the site visits conducted for the sample of evaluation review projects.  Table 2 lists the data required for each project in the evaluation sample.
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	Field
	Note

	Location
	From Implementer

	Usage group
	From Implementer

	Location cooling
	From Implementer, verified by evaluator

	Location cooling type
	From Implementer, verified by evaluator

	Location cooling fuel
	From Implementer, verified by evaluator

	Location heating
	From Implementer, verified by evaluator

	Location heating type
	From Implementer, verified by evaluator

	Location heating fuel
	From Implementer, verified by evaluator

	Controlled fixture type
	From Implementer, verified by evaluator

	Controlled fixture count
	From Implementer, verified by evaluator

	Controlled fixture wattage
	From Implementer, verified by evaluator

	Pre-control EFLH
	From Implementer, could be measured by evaluator

	Control Savings Factor
	Measured by evaluator

	IFc
	Interactive factor for cooling, from lookup table, optional

	IFh
	Interactive factor for heating, from lookup table, optional 

	kWhsave
	Will be calculated using pre/post or post only data



Measurement and Verification Plan
The measurement and verification (M&V) plan describes how evaluators determine the actual energy savings in a facility where a lighting efficiency project has been installed. Evaluators use M&V to establish energy savings for projects. The M&V results are applied to the population of all completed projects to determine program savings. The sampling and application processes are described in the Impact Evaluation section. 
All M&V activities in the protocol are conducted on a representative sample of completed projects. The evaluator is responsible for meeting the M&V requirements in the protocol.

IPMVP Option 
For reporting evaluated (ex post) savings, this protocol recommends that evaluators follow the International Performance Measurement and Verification Protocol (IPMVP) Option A – Retrofit Isolation: Key Parameter Measurement approach. The key parameters to be measured are the EFLH and the CSF terms in Equation 1. To measure these variables accurately typically requires determining lighting usage in the pre-control state. It may also be necessary to measure the usage again in the post control state.[footnoteRef:7]   [7:  IPMVP Option A retrofit isolation does require that the key variable for savings be measured both pre and post. However, when conducting M&V in an impact evaluation, it can be a challenge to obtain baseline data. The program administrator often does not collect the data and the evaluator is commonly not involved until after the project is installed. ] 

Table 3 provides the metering requirements for measuring the various types of lighting control measures. In summary:  
Lighting sweep controls, EMS, and time clock measures require pre- and post-installation metering to establish EFLH and CSF accurately.  
Occupancy sensor measures can be determined effectively with pre-installation metering only if a lighting event logger with infrared occupancy sensor capability is used.[footnoteRef:8]  [8:  These loggers monitor lighting on/off as well as whether the space is occupied or unoccupied and these data coupled with lighting latency factor can be used to establish EFLH and CSF.  There are companies that maintain these data by building type and space and these data can be purchased. http://www.sensorswitch.com/Literature.aspx# ] 

Most dimming applications can be measured using post-installation data only when it is accurate to assume the uncontrolled kW would be equal to the controlled lighting operating at full power.  
Event loggers are typical lighting loggers that monitor the on/off operation of lighting, using a photocell and power loggers to monitor the power consumption of controlled lighting circuits.
[bookmark: _Ref317716472]Table 3: Metering Requirements for Various Lighting Control Strategies
	
	Metering Requirements
	

	Lighting Control Measure
	Pre-Installation
	Post-Installation
	Metering Type

	Lighting Sweep Controls/EMS/Time Clock
	Yes
	Yes
	Event or Power Logger

	Occupancy Sensors
	Yes
	Yes/No
	Event/Event &Occupancy Logger

	Stepped Dimming  (Dual Ballasts)
	No
	Yes
	Event Logger

	Dual Ballast (Hi/Low HID)
	No
	Yes
	Power Logger

	Continuous Daylight Dimming
	No
	Yes
	Power Logger
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Verification Process
Verification involves visual inspections and engineering calculations to establish an energy efficiency project’s potential to achieve savings. The verification process determines the controlled fixture wattage and controlled fixture quantity parameters used to calculate the kWcontrolled variable in Equation 1. The following is a description of the activities involved in the process:
1) Select a representative sample of projects for review. (See the Sample Design section for guidance on sampling.)  
2) Schedule a site visit with a facility representative for each project in the sample. 
3) Conduct an on-site review for each project. Inspect a representative sample of the energy efficiency lighting fixtures reported by the implementer. (See the Impact Evaluation section for guidance on sampling.) 
a. Confirm or correct the reported energy efficient fixture type and wattage for each fixture in the sample. 
b. Confirm or correct the reported quantity for all energy efficient fixtures in the sample. 
c. Confirm or correct the heating/cooling status and associated equipment for the spaces in the sample. 
d. Interview facility representatives to check baseline fixture types and quantities reported for the sample. Confirmation or correction is based on the interviews. When available, the interviews are supplemented by physical evidence such as fixture types in areas not changed by the project, replacement stock for lamps and ballasts, and/or inventories of removed fixtures stored on-site for recycle or disposal. 
4) Update lighting inventory form for the sample based on findings from the on-site review. 
At the completion of the verification process the evaluator has confirmed or corrected the fixture wattage and fixture quantity parameters used to calculate the kWcontrolled variable in Equation 1.  
Measurement Process 
The measurement process involves using electronic metering equipment to collect the data that determine the EFLH and CSF parameters in Equation 1. Most often the equipment is installed temporarily during the measurement period; in some facilities existing BAS systems that monitor lighting circuits may be employed. Lighting control measures are particularly challenging because they may require the use of pre/post metering of either on/off operation or interval power consumption.
Meters and metering data used to measure lighting control operating characteristics either record a change of state (light on, light off), or continuously sample and record current or power on a lighting circuit or light output of a fixture. All data must be time-stamped for application in the protocol. 
Temporary equipment in the form of data loggers are the most common metering equipment for establishing lighting EFLH. 
Change of state lighting data loggers are small (match box size) integrated devices that include a photocell, microprocessor and memory. The data logger is mounted inside a fixture. Each time the lamp(s) in the fixture are turned on or off the event is recorded and time stamped. This type of lighting logger is only suitable for monitoring on/off lighting controls such as occupancy sensors, lighting sweep controls/energy management systems and stepped dimming systems, such as inboard/outboard configurations where the controlled lamps can be isolated from the uncontrolled lamps. For lighting control systems that vary the lighting power such as dimming systems or dual ballast HID systems where the lamps cannot be isolated, it is necessary to monitor the interval power of the lighting system. 
Data loggers that continuously sample and record lighting operating hours information usually require an external sensor such as a current transformer (CT) or photocell. Data loggers with CTs can monitor the amperage to a lighting circuit. Spot measurements of the circuit’s amperage with the lights on and off establish the threshold amperage for the on condition. Similarly data loggers with an external photocell can record light levels in a space. Spot measurements of lumen levels with the fixtures on and off establish the light level threshold for the on condition. Measurement of amperage with data loggers is common; continuous monitoring of light levels to determine hours of operation is less common. 
Data logger failure due to incorrect adjustment, location, software launch is common. The protocol recommends following manufacturer’s recommendations carefully.  
The measurement process involves metering lighting operating hours for the representative sample of controlled fixtures selected for the verification process. Meters are deployed (or metering routines established if using an existing BMS) during the verification site visit. Following are the activities involved in the process: 
1. Meter operating hours for each circuit in the verification sample. 
a. If using light loggers deploy loggers in one or more fixtures controlled by the circuit. Only one logger is required per circuit; additional ones are commonly deployed to offset logger failure or loss. 
b. If measuring amperage install CT and data logger in lighting panel for sampled circuit. The sampling interval should be fifteen minutes or less. Spot measure amperage with lights on and off for the circuit leg with CT. Record the amperage threshold for the lights on condition. 
c. If using BMS, establish trends for lighting on/off status for each circuit in the sample. The sampling interval should be fifteen minutes or less. Check that BMS has sufficient capacity to archive the recorded data, and that the metering task will not adversely slow the BMS response time. 
2. Check data logger operation. Before leaving the site spot check a few data loggers to confirm that they are recording data as expected. Correct any deficiencies and if they appear to be systemic redeploy the loggers. If using BMS trends, spot check recorded data. 
3. Leave metering equipment for the monitoring period, which could include pre and post periods. The protocol recommends a monitoring period that captures the full range of facility operating schedules.  For facilities with constant schedules such as office buildings, grocery stores, retail shops, the protocol metering for a minimum of two weeks for pre-periods and a minimum of four weeks for post periods. Facilities with variable schedules will require additional time; the protocol recommends a maximum monitoring period of twelve weeks. Facilities with seasonal schedules such as schools should be monitored during active periods. 
4. Analyze metering data. Calculate the percent on time for the metered lighting equipment for each usage group. When pre-control data is collected for control systems the pre-control EFLH can be calculated directly and post EFLH can be calculated as well.  In this case the CSF is equal to 1 minus the ratio of post EFLH divided by pre EFLH.   For lighting control measures that vary seasonally such as continuous daylight dimming systems it will be necessary to annualize the metered data to account for the daylight hours during the metering period so that summer metering does not over predict savings, or winter metering does not under predict savings. Similarly facilities with seasonal schedules such as schools should be metered during active periods and have annual EFLH and CSF values adjusted to reflect operating schedules.  
Report M&V Savings
The information collected during the measurement and verification processes is used to calculate the M&V project savings as follows:  
1. Using the results from the last step in the measurement process and the sample lighting inventory form from the verification process, update the inventory EFLH and CSF parameters and calculate the M&V savings for the sample. 
2. Calculate the project realization rate, the ratio of M&V savings to the savings reported by the implementer for the sample.  
3. Calculate the project M&V savings, the product of the project realization rate and the project savings reported by the implementer.  
[bookmark: _Ref315195642]
Data Requirements and Sources 
[bookmark: _Ref315041730]Data requirements are described in the sections Role of the Lighting Controls Program Implementer, and Role of the Evaluator, with additional detail in the M&V Plan section.  This section contains information on the fixture wattage, EFLH and CSF parameters in the algorithm equations.  
Fixture Wattage  The protocol recommends the use of fixture wattage tables developed and maintained by existing energy efficiency programs and associated regulatory agencies.  The tables list all common fixture types; most are updated as new fixtures and lighting technologies become available.  The wattage values are measured according to ANSI standards[footnoteRef:9] by research facilities working on behalf of manufacturers, academic laboratories.   [9:  ANSI 82.2-2002 test protocol specifies ambient conditions for ballast/lamp combinations in luminaires.  The test is conducted on an open, suspended fixture.  Actual fixture wattage will vary depending on the installation (suspended, recessed) and housing type.  The differences are small, less than 5% (see DOE 1993 Advanced Lighting Guidelines.) ] 

In the wattage table each fixture and screw-in bulb is fully described and assigned a unique identifier.  The implementer enters a fixture code into the lighting inventory form, which then performs a lookup function to enter the associated demand into the form.  The evaluator verifies or corrects the fixture type for the evaluation sample in a copy of the implementer’s inventory form, automatically updating lighting values.  
The protocol recommends adopting a fixture wattage table used by an established and recognized lighting efficiency program.  In May 2012, the following sources are examples: 
· Massachusetts Technical Reference Manual 2011, Massachusetts Device Codes and Rated Lighting System Wattage Table.  Available from the Massachusetts Energy Efficiency Advisory Council, http://www.ma-eeac.org/index.htm. This is a slightly abbreviated and simplified table of common fixtures and their wattages. 
·  New York Standard Approach for Estimating Energy Savings from Energy Efficiency Programs 2010, Appendix C Standard Fixture Watts. Available from the New York Department of Public Service, available from http://www3.dps.ny.gov/W/PSCWeb.nsf/All/06F2FEE55575BD8A852576E4006F9AF7?OpenDocument. This is a comprehensive (34 pages) list used by NYSERDA since the late 1990’s. 
· Database for Energy Efficiency Resources (DEER). Available from the California Public Utilities Commission at http://www.deeresources.com/. An exhaustive list of all parameters driving energy use and savings for a lengthy list of measures.  References California codes and weather zones.  
An excerpt from the New York Standard Approach for Estimating Energy Savings from Energy Efficiency Programs is included in the Appendix to this protocol as one example of a wattage table.  
Wattage tables are used by both the implementer and the evaluator.  
EFLH and CSF  
EFLH and CSF are highly variable by application. The protocol requires that evaluators measure the EFLH and calculate the CSF, and they are therefore known with little uncertainty for the evaluation sample. 
Program implementers require an accurate estimate of the EFLH and CSF parameters in order to reliably report project and program savings. The protocol requires that program participants provide estimates of EFLH values by usage group, and an estimate of CSF by control type in their lighting inventory forms. The estimate should not be based on the building schedule alone, though this may be used to inform the estimate. The protocol recommends that participants develop the EFLH and CSF values using one of the following sources, with guidance from the program implementer:  
1) Lighting schedules in buildings with energy management systems or time clocks that control lighting equipment. The schedules should be checked by interviewing building managers to determine if they are overridden.  When available control schedules (or trend data) are reliable estimates of true lighting operating hours. 
2) Interviews with building managers. Building managers are usually familiar with lighting schedules; they may not know how lighting is controlled and would not be a god source of estimates for the CSF values.
3) Tables of EFLH and CSF values by building type provided by the program implementer. 
4) Combination of interviews and tables.  
For each project and most programs, programs should require lighting control contractors record types and quantities of each controlled fixture and type of lighting control device. Together with a wattage table and assumed EFLH, these data constitute the equipment baseline, which cannot be directly verified once controls have been installed. 
As noted, fixture wattages have been established for nearly every configuration of lamp and ballast type. For fluorescent fixtures, all major manufacturers report steady-state power draws for their lighting products, based on laboratory tests conducted under standard (namely, American National Standards Institute, or ANSI) conditions; other fixture types are tested under specified conditions. Such test results serve as the basis for wattage tables available from many energy-efficiency program administrators in the United States. Given the rigor with which these values have been developed, and their long record of use in the United States, the M&V and evaluation community can use them confidently. 
References for lighting tables available at the time the protocol was prepared are provided at the end of this document. 
As with fixture wattages, EFLH values have been estimated for many commercial and nonresidential building types. EFLH values have also been estimated for industrial facilities, but as their operations vary, with diverse schedules subject to change, HOU estimates for this class are less reliable, though they exist. 
Documentation of the underlying data source for HOU-by-building type estimates is not always as clear as for wattage tables. Some were developed from logger studies conducted for project M&V or program evaluations; others are compilations of HOU values taken from surveys of multiple programs. References for HOU values used by established programs subject to periodic evaluation review are provided at the end of this protocol. HOU values for commercial and nonresidential buildings are driven primarily by occupancy schedules, and are fairly consistent across geographic regions. Thus, HOU values developed from a logger study in California should be applicable to buildings in Iowa. Actual hours will vary from project to project for a given building type, but the average HOU value for all projects for a building type will converge with the deemed value, thus providing a reliable estimate of claimed savings. Evaluated savings, developed using measured HOU values as part of the EM&V review, adjust for any local variance in operating hours. 
As noted, fixture wattages have been established for nearly every configuration of lamp and ballast type. For fluorescent fixtures, all major manufacturers report steady-state power draws for their lighting products, based on laboratory tests conducted under standard conditions (specifically, those of the American National Standards Institute, or ANSI). Other fixture types are tested under specified conditions. The lighting table references available at the time this protocol was prepared are provided at the end of this document.  
Such test results serve as the basis for the wattage tables available from many energy-efficiency program administrators in the United States. Given the rigor with which these values have been developed and their long record of use, the M&V and evaluation community can rely on these values. 
As with fixture wattages, EFLH values have been estimated for many commercial and nonresidential building types. The EFLH values for commercial and nonresidential buildings are driven primarily by occupancy schedules and, therefore, are fairly consistent across geographic regions. Thus, EFLH values developed from a logger study in California should be applicable to buildings in Iowa. However, when using secondary data great care should be taken to understand what the numbers actually are and how they should be applied. Particular attention should be paid to how commercial business types are classified and segmented and there can be distinct differences between urban and rural areas. EFLH values have also been estimated for industrial facilities; however, since various facilities operate on diverse schedules subject to change, EFLH estimates for this class are less reliable.  Often, industrial facilities are classified based upon the number of shifts and the number of days per week that the facility operates; this helps to mitigate diversity. 
Documentation of the underlying data source for EFLH-by-building type estimates is not always as clear as the information for the wattage tables. Some information was developed from logger studies conducted for project M&V or program evaluations; other information is a compilation of EFLH values taken from surveys of multiple programs. References are provided at the end of this protocol for EFLH values used by established programs subject to periodic evaluation review. 
The deemed EFLH tables should be updated according to a continuous revision schedule, so that the lighting programs that use the results from logger studies conducted for impact evaluation studies have current information.  Unfortunately, there is not a well of data for the control savings factor (CSF), so most jurisdictions use 30% for occupancy sensors with no non-circular source reference. 
To calculate and report project savings, the protocol recommends that lighting-efficiency programs require contractors to use primarily the deemed EFLH-by-building type values and use 30% or less for the CSF. This protocol further recommends when the deemed values appear to differ by 50% or more from actual hours—based on facility staff interviews or EMS or posted schedules―the EFLH values be estimated on the basis of the interviews and schedules.  If the CSF value can be reliably calculated based on the control description, then a calculated value should be used if the value does not exceed 50% of the published value.  Estimates should be documented by the contractor and reviewed by the administrator, according to criteria defined by the administrator. If the savings based on estimated hours are significant (the threshold to be determined by the administrator), then the contractor should conduct a logger study using a process that adheres to IPMVP Option A.  
Sample Design
This protocol requires sampling in two situations: (1) to select inventory lines for deploying light loggers; and (2) to select projects from a program database for an impact study. (A separate sampling protocol describes general sampling procedures.) Although regulators normally prescribe confidence and precision levels, administrators may impose these. The following details pertain specifically to lighting controls. 
Light logger studies use stratified sampling techniques for selecting samples, with the strata defined by usage groups. The desired confidence and precision interval (typically prescribed and using an assumed coefficient of variation of 0.5) determines the sample size. The Federal Energy Management Program (FEMP) M&V Guidelines[footnoteRef:10] describe a detailed routine for selecting logging lines. [10:  http://www1.eere.energy.gov/femp/ ] 

Selecting projects for an impact study also suggests stratified sampling that (1) uses a common strategy ranking all projects in the population by their reported savings, and (2) defines the top stratum as large projects cumulatively accounting for 50% of claimed savings. Other strata can be defined as being 30% and 20% contributors. 
Oversampling by from 10% to 30% provides a cushion against lost or failed loggers in studies to determine EFLH. Impact studies also require oversampling to replace nonrespondents. 
Other Evaluation Issues
New Construction 
Lighting control savings for new construction projects can be difficult to calculate because it can be difficult to monitor the pre-controls conditions.  In some cases, it is possible to override the controls so that non-control conditions can be metered. When this is possible, EFLH and CSF can be measured using pre/post metering techniques. Overriding the controls can also be used for retrofit and incentive programs, as long as the site contact is cooperative and the extra site visit is considered in the evaluation planning.[footnoteRef:11]  [11:  New Construction baselines may be a moot point since lighting controls are mandatory provisions in recent standards like AHSRAE Standard 90.1-2004 require some form of lighting controls.  It will be important that control exceeds minimum baseline controls. ] 


Program Evaluation Elements
Building a foundation for a successful evaluation of a commercial, industrial, and nonresidential lighting controls program begins in the program design phase. Administrators support future evaluations by ensuring data required to conduct an impact study are collected, stored, and checked for quality. These data include measured and stipulated values available from prior studies or equipment tests. Administrators must set data requirements before a program’s launch so that when the data are ultimately reviewed through an impact evaluation, the information required to conduct the research will be available. 
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