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[bookmark: 1_Scope_and_Objectives][bookmark: _Toc229039012]Scope and Objectives

This document contains methodologies for engineering analysis, energy simulation and model calibration for buildings participating in NYSERDA’s Multifamily Programs. All contractors working on NYSERDA Multifamily programs must use this guidance to evaluate energy reduction measures and to calculate the projected savings and cost effectiveness of recommendations included in the Program’s tools and calculators required for submission (Program Submission Documents). This document may be shared with the developer or property owner if requested.
This document is a resource for Providers, the Program Implementer, and NYSERDA to ensure that:
Savings projections are realistic
The number of model revisions is minimized because more guidance is provided from the beginning
Productivity is improved because Providers do not need to individually research the assumptions for various modeled parameters or develop external calculations
Consistent simulation methodology is used from provider to provider and building to building based on peer-reviewed protocols
The best energy simulation and model calibration practices are followed
Modeling assumptions are within reasonable ranges
This document will be periodically updated to cover additional topics. The sources for new material will include information from Multifamily Technical Topics (Tech Tips).
	
	
	




[bookmark: 2_General_Approach][bookmark: _Toc229039013]General Approach

Savings from energy reduction measures shall be estimated using the Whole Building Calibrated Simulation Approach, as described in ASHRAE Guideline 14.1 This approach involves modeling the existing building (creating a pre-retrofit simulation) with an approved whole building simulation software tool. The parameters for the pre- retrofit simulation are adjusted so that the projected annual energy consumption of each fuel is within the allowable margin from the annual utility bills, as described in the Model Calibration section of this document.
Energy reduction measures are evaluated by making changes to the appropriate parameters of calibrated pre- retrofit simulation. If a simulation tool is used to evaluate the energy reduction measures, these parameter changes should be modeled using the software’s energy reduction measure tools (for example, in TREAT the “Improvements” and “Packages” tabs should be utilized, while in eQUEST the “Parametric Runs Tool” should be used). The model and savings calculations should be developed using a “stacked” parametric approach, whereby energy savings begin with the existing components, and are gradually transformed into the proposed design by adding the energy reduction measures one-by-one.
Pre-retrofit simulation inputs shall be based on results of field inspections, measurements, and as-built drawings. Where assumptions are made regarding building operating conditions, such as lighting runtime hours, interior temperature, hot water demand, etc., the assumed values shall be within the ranges provided in this document. If the provider believes that there are special conditions that dictate the use of different assumptions or approaches for a particular project, these special conditions and appropriate references shall be documented in the Program Submission Documents and are subject to program review.
Inputs of pre- and post-retrofit simulations must be the same unless the related component is specifically addressed by proposed measures. All differences between the pre- and post-retrofit model inputs must be documented in the Program Submission Documents, including key assumptions built into the simulation tool. For example, if U-values of the proposed windows or post-construction ACH are automatically set by the software, such as in EA QUIP, these defaults must be explicitly listed in the Program Submission Documents.
The same operating condition assumptions shall be used in the energy reduction measure as in the existing building unless a change in operating conditions is specifically included as part of the measure or unless directed otherwise in this document. For example, the lighting hours of operation must be the same in pre- and post- retrofit models unless one of the proposed measures includes installation of devices that affect fixture runtime, such as occupancy sensors, timers, or photocells.
Measures that are expected to increase energy consumption must be included in the post-retrofit model (i.e., higher proposed ventilation rates). The increase in energy usage must be offset by other measures to demonstrate achievement of the program energy target.
For vacant units, use the average existing building conditions to address unknown conditions, unless otherwise stated in the sections below.
[bookmark: _bookmark3]From ASHRAE Guideline 14: The whole building calibrated simulation approach involves the use of a computer simulation tool to create a model of energy use and demand of the facility. This model, which is typically of pre-retrofit conditions, is calibrated or checked against actual measured energy use and demand data and possibly other operating data. The calibrated model is then used to predict energy use and demand of the post-retrofit conditions. Savings are derived by comparison of the modeled results under the two sets of conditions or by comparison of modeled and actual metered results.
	
	
	




[bookmark: 3_Simulation_Software][bookmark: _Toc229039014]Simulation Software
Providers are only required to use approved simulation software to model energy savings if it is a Program requirement. However, any project using simulation software must follow simulation requirements in Section 2 and 3, regardless of projected energy savings, and use approved simulation programs dictated by the Program. New analytical tools may apply to the program by submitting an application describing tool capabilities and demonstrating compliance with the listed program requirements. Based on program review, the tool may be accepted for use on one or several pre-approved pilot projects. Deliverables for projects that are not identified as pilot projects prior to preparing the comprehensive energy assessment and that utilize software not approved for use in the program will not be accepted. Only analytical tools that satisfy the requirements outlined below may be considered.
Compliance with ASHRAE 90.1 Appendix G simulation and documentation requirements; OR
Approval for EPAct Federal Tax Deductions; OR
DOE approval for use in Weatherization Assistance Program for multifamily buildings.
Support of systems and configurations that are typical for multifamily buildings in the northeastern United States.
Support of Program business process and reporting requirements.
Availability of technical support, training, and/or user manual and documentation.
NYSERDA Program staff will not provide assistance with software-related questions or model troubleshooting.
Built-in troubleshooting tools and errors/warnings reports.
Integrated support for evaluation of design alternatives (improvements).
The energy consumption of systems, equipment, and controls that are not directly supported by the software used for the project should be calculated outside of the simulation tool. External calculations may not be used to replace functions that are supported by the software tool. The results of external calculations may be used to inform modeling inputs or to adjust modeling results. The external calculation methodology must be documented and is subject to program review. Original spreadsheets must be included in the submittals where applicable.
	
	
	




Example 1: The proposed scope of work includes replacement of incandescent fixtures with fluorescent fixtures. Since any approved simulation tool will calculate savings from reduced lighting wattage, including interaction with space heating/cooling, the energy savings from this measure must be modeled in the simulation tool.
Example 2: The proposed scope of work includes installation of daylighting controls. If the simulation tool used for the project does not support daylighting modeling, then the provider may use external custom calculations or software tools to estimate the related energy savings or reduction in fixture runtime.
	
	
	




[bookmark: 4_Model_Calibration][bookmark: _Toc229039015]Model Calibration

[bookmark: 4.1_General_Approach][bookmark: _Toc229039016]General Approach
Projects may include several buildings that are individually metered for some or all fuels or have a common set of utility bills. Each building may have a single whole-building set of bills for each fuel or may include multiple sets of bills (i.e., electricity consumption in apartments is metered separately from the common space). This section provides guidelines for aggregating model results and utility bills for the purpose of model calibration.
When a single building has multiple sets of bills for a given fuel — for example, if electricity consumption in apartments is directly metered, or if there is a separate set of electric bills for the common space — all individual sets must be combined so that there is one set of bills representing the total whole building consumption of each fuel. Comparing the individual sets of bills to the modeled consumption of corresponding spaces — for example, comparing electricity usage of common spaces predicted by the model to the billing data for common spaces — may provide valuable additional insight into building operation, but it is not required.
When a project includes multiple buildings, the model calibration approach depends on the metering configurations and whether the buildings have similar envelope and mechanical systems.
Buildings are considered to have similar envelopes if all the following conditions are met:
Building geometries are similar:
Total conditioned building area differs by no more than 20%
Percentage of area taken by common spaces differs by no more than 20 percentage points
Spaces in buildings are of a similar occupancy type
Areas of surfaces of each type (exterior and below grade walls, windows, roof, slab) differ by no more than 20%
Thermal properties of envelope components are similar
Infiltration rates are similar
	
	
	



Example: There are two 60,000 SF, 6-story buildings in the project. One building has 12,000 SF of corridors and common spaces (20% of total building area). The other building has the same corridor area, plus a community room, rental office and laundry on the first floor, with the total area of common spaces equal to 20,000 SF (33% of total building area). The percentage of common spaces in each of these buildings differ by 13 percentage points (33%-20%), and the buildings have spaces of different occupancy types; because of the different occupancy types, they may not be considered as having similar geometry
Buildings are considered to have similar mechanical systems if all the following conditions are met:
HVAC or domestic hot water equipment in buildings is of similar type
Overall plant efficiency varies by no more than 5 percentage points
Mechanical ventilation rates are similar (within 10% based on air changes per hour (ACH)
Buildings are considered to have similar usage if the annual fuel usage per square foot of conditioned floor area differs by no more than 10%.
Calibration approaches for several typical configurations are described in Table 4-1. Other approaches may be allowed and are subject to program review.
[bookmark: _bookmark7]Table 4-1. Calibration Approaches for Several Typical Configurations
	
	Similarity of Buildings and
Systems
	Type and Similarity of Heating Bills
	Modeling Approach

	Case A
	Non-similar envelope or mechanical
	Billing for heating fuel is either per apartment or per building.
	Buildings must be explicitly modeled and individually calibrated to the corresponding set of utility bills.

	Case B
	Similar envelope and mechanical
	Billing for heating fuel is either per apartment or per building; usage is similar between buildings.
	Create single model representing one building; calibrate to area- weighted average annual usage.

	Case C
	Similar envelope and mechanical
	The meter or billing data for heating fuel applies to multiple buildings.
	Create single model representing all buildings that are served by a single heating-fuel meter; calibrate to the total annual usage shown for all fuels used at those buildings.

	Case D
	Non-similar mechanical systems
	The meter or billing data for heating fuel applies to multiple buildings.
	If simulation tool supports explicit modeling of non-identical HVAC systems in a single model file, the same approach as for Case C may be used. For tools that do not have this capability (such as TREAT), separate models must be created representing each building, and the total heating usage of these models must be calibrated to utility bills.



[bookmark: 4.2_Calibration_Requirements][bookmark: _Toc229039017]Calibration Requirements
If applicable, project should use the program required weather normalization procedure for the utility data. The difference between the annual modeled use and the weather-normalized utility consumption for heating, cooling, and base load must differ by no more than -10% to 0%. Please note, if using TREAT, the cooling consumption is exempt from this -10% to 0% range. The model should not show more energy consumption than the weather-normalized utility data. Where variation exceeds -10% to 0%, review the billing data and model inputs for anomalies, data entry errors, misinterpretation of performance features, etc.
	
	
	




[bookmark: 5_Thermal_Zones][bookmark: _Toc229039018]Thermal Zones
The thermal zones defined in the model impact the simulation accuracy. The following rules must be followed:
Each space or group of spaces that is served by non-identical HVAC systems, or that will be served by non- identical HVAC systems due to a proposed retrofit, must be modeled as a separate thermal zone served by an HVAC system of appropriate type and efficiency. For simulation tools such as TREAT that do not allow modeling multiple HVAC systems in one project, efficiency of the modeled HVAC system that represents the various actual systems found in the building must be based on the efficiencies of actual systems weighted by the heating load of thermal zones that they serve.
Example 1: Site condition: Each apartment has a dedicated gas-fired furnace and a split system air conditioner. All in-unit systems are the same.
Modeling approach: Since all in-unit systems are identical, apartments may be combined into one thermal zone, provided that other conditions outlined in this section are met.
Example 2: Site condition: Apartments in a building have hydronic baseboards and are served by a central boiler. Stairwells and utility areas have electric unit heaters.
Modeling approach: Stairwells and utility areas may be combined into one thermal zone because they are served by the same type of heating system (electric heaters). Apartments should be modeled as a separate zone served by central boiler. For TREAT projects, usage of electric unit heaters may be estimated using the heating load of the zone that includes stairwells and utility areas and modeled as a secondary heating system using fixed percentage of monthly energy or similar approach.
Example 3: Site condition: All utility spaces in the building are served by electric heaters. The Program Submission Documents includes a recommendation to replace electric heaters in some of these spaces with gas unit heaters.
Modeling approach: Utility spaces for which the new heating system is proposed may only be combined with other utility spaces that would undergo the same improvement to correctly estimate the post-retrofit reduction in heating electric load and the increase in gas heating load.
Example 4: Site condition: All apartments in the building are served by a central heating system. Some of the apartments also have room air conditioners.
Modeling approach: To correctly account for cooling energy usage, apartments may be modeled as two thermal zones — one combining all rooms that are cooled and another combining all rooms with no cooling.
If a space or group of spaces is determined to be overheated, and the overheating is being addressed in the Program Submission Documents, overheated spaces may be modeled as a separate zone. Space temperature measurements or other means that were used to determine temperature and size of overheated zones must be included in the Program Submission Documents. If overheated zones are not modeled explicitly, then the procedure used to calculate modeled pre- and post- retrofit temperature of aggregated zones must be documented in the Program Submission Documents. An example calculation is included in Section 8.1.
Each space or group of spaces that have unique internal or solar heat gains or envelope loads may be modeled as separate thermal zones to improve the accuracy of the simulation. Combining apartments with different exposures or apartments adjacent to different surface types (roof, slab-on-grade, etc.) into one thermal zone may underestimate the cooling and heating loads.
Example 5: Site condition: On a sunny day in April, south-facing apartments may get overheated due to solar gains, while north-facing apartments may need heat to maintain the thermostat setpoint.
Modeling approach: If all apartments are modeled as a single thermal zone, then solar gains through south- facing windows will offset heating load of north-facing apartments, which is not an accurate representation of site conditions. This will decrease the modeled heating usage and impact model-to-billing calibration. Modeling south-facing and north-facing apartments as two separate zones will improve the accuracy of simulation.
	
	
	




[bookmark: 6_Heating_and_Cooling_Systems][bookmark: _Toc229039019]Heating and Cooling Systems

[bookmark: 6.1_Heating_Equipment][bookmark: _Toc229039020]Heating Equipment
[bookmark: General][bookmark: Existing_Conditions][bookmark: _Toc229039021]General
Several efficiency descriptors may be available for the existing heating equipment and the equipment considered as the retrofit.
Combustion Efficiency (Ec) accounts for stack losses and may be measured in the field by performing a combustion efficiency test.
Thermal Efficiency (Et) accounts for the heat loss through the boiler jacket during boiler firing in addition to the stack losses; therefore, Et is lower than Ec for the given equipment. It may be calculated as the ratio of the nameplate boiler output to the nameplate boiler input.
Annual Fuel Utilization Efficiency (AFUE) accounts for stack and jacket loss, as well as for equipment performance during the part load conditions in a “typical” installation. AFUE also accounts for the energy that is wasted when the boiler is “idling” to maintain internal temperature while the building is not calling for heat.
AFUE cannot be measured in the field or calculated based on the parameters shown on the nameplate. It is determined through testing performed by the manufacturer. AFUE is also called “seasonal efficiency” and is typically only provided for equipment under 300,000 Btu/h. The AFUE represents the part-load efficiency at the average outdoor temperature and load for a typical boiler installed in the United States. Although this value is useful for comparing different boiler models, it is not meant to represent actual efficiency of a specific installation 49. With the exception of condensing boilers, part-load efficiency metrics are usually not provided for larger boilers.
A more complete explanation of each efficiency descriptor is available in the MPP’s April 17, 2008, Tech Tip – Boiler Efficiency (see Appendix C).
Energy consumption of fans and pumps associated with the heating system must be captured in both the pre- and post-retrofit models.
Example 1: Site Conditions: Electric baseboards in apartments are replaced by a central hot water boiler.
Modeling Approach: Electricity consumption of pumps serving the new system must be included in the post- retrofit model to fully capture the tradeoffs between electric and hydronic heating. Ignoring the heating-related electricity consumption of the post-retrofit system will lead to overestimated electricity savings.
Performance of heating equipment may vary significantly depending on the overall HVAC system design and field conditions. The model inputs must be based on the performance of the existing and proposed heating systems for the conditions that exist at the given site. The relevant system design parameters must be described in the Program Submission Documents for both existing and proposed conditions.
Example 2: Site Conditions: The scope of work includes replacement of the existing boiler with a new condensing boiler. Marketing literature for the condensing boiler reports that the boiler has a thermal efficiency up to 98%.
Modeling Approach: The performance of condensing boilers depends strongly on the return water temperature and the variations in load, as shown in Figure 1, which is based on manufacture’s literature for an example boiler. The operating conditions that are required to achieve the modeled efficiency must be documented in the Program Submission Documents. The existing piping arrangement and a sample of radiators must be evaluated to ensure that the conditions required to achieve the modeled efficiency are feasible.
[bookmark: _bookmark13]Figure 1. Example Condensing Boiler Thermal Efficiency
[image: Line graph showing boiler thermal efficiency (y-axis, 80–100%) versus return water temperature in degrees Fahrenheit (x-axis, 70–180°F) at three firing rates. The 7% input line (blue dashed) starts near 97% efficiency at 70°F and declines to approximately 87% at 180°F. The 40% input line (black dashed) starts near 95% efficiency at 70°F and declines to approximately 86% at 180°F. The 100% input line (black solid) starts near 91% efficiency at 70°F and declines to approximately 86% at 180°F. All three lines converge near 86–87% efficiency at higher return water temperatures. A yellow marker is highlighted at approximately 135°F on the x-axis.]
Example 3: Site Conditions: The work scope includes replacement of the existing boiler with a boiler that is equipped with a burner that can fire at reduced inputs while modulating both fuel and air.
Modeling Approach: Projected savings should capture increased efficiency of modulating boiler at part load conditions. The performance curves entered in eQUEST or efficiency adjustment calculations for TREAT should be based on boiler part-load performance from manufacture, or typical performance of modulating boilers from ASHRAE Systems and Equipment Handbook.
	
	
	




Figure 2. Boiler Efficiency as Function of Fuel and Air Input
[image: A chart showing efficiency percentages and stack temp for boiler efficiency.  Two-panel line graph showing typical performance curves for a light oil-fired boiler at 12.25% carbon dioxide, plotted against percent input (x-axis, 0–100%) for both panels. Top panel: Efficiency in percent (y-axis, 82–89%) with two declining curves. The Combustion Efficiency line starts near 89% at 25% input and decreases to approximately 84.5% at 100% input. The Overall Efficiency line starts near 85% at 25% input and decreases to approximately 82% at 100% input. Both lines decline steadily as firing rate increases. Bottom panel: Stack temperature in degrees Fahrenheit (y-axis, 200–400°F) with a single rising line starting near 265°F at 25% input and increasing to approximately 415°F at 100% input, indicating that stack temperature rises as boiler firing rate increases.]

Example 4: Site Conditions: Energy modeling indicates that the existing boiler is significantly oversized. The scope of work proposes to replace the existing boiler with a new higher efficiency unit of the appropriate size.
Modeling approach: In space heating applications, low part-loading for a boiler occurs over much of the heating season because of equipment oversizing and the fact that space heating boilers must be sized to meet the maximum load even though this load only occurs rarely. For example, one study found that multifamily boilers with on/off burners are typically only 21% loaded on a heating season average basis” 50.
Run fraction at a given load condition may be estimated in the field by observing the burner operation. For example, if a boiler fires for 5 minutes, then remains off for 20 minutes before restarting, the run fraction is equal to 5 minutes / (5 minutes + 20 minutes) = 0.2 or 20% 52.
In eQUEST, the boiler part-load performance penalty may be captured by specifying the size of the equipment in the Boiler Properties window of the Basic Specifications tab. In addition, specify the appropriate performance curves in f (part load ratio) input box of Performance Curves tab. The eQUEST library has default curves for atmospheric, forced draft, and condensing boilers. Alternatively, custom curves may be created using manufacture-specified or measured efficiency at part load conditions. eQUEST will combine part load equipment characteristics with hourly heating loads and use the appropriate efficiency for each hour of the year in the simulation.  In TREAT, part-load efficiency is handled as described in the User Manual: “The part-load adjustment is calculated for each month depending on equipment type and part-load ratio during the month and varies between 0.75 and 1. If part-load ratio for boilers is less than 0.1, then monthly usage is adjusted by 0.75 + 2.5 * PartLoadRatio. For forced air heating and cooling systems, the monthly usage is adjusted by 0.75 + 0.25 * PartLoadRatio.”
[bookmark: _Toc229039022]Existing Conditions
For equipment with a heating capacity of 300,000 Btu/h or less, if the listed AFUE is available from the equipment manufacturer for the existing equipment, AFUE actual shall be used in the pre-retrofit model. For equipment with a heating capacity of 300,000 Btu/h or less with unknown listed AFUE, and for equipment with heating capacity greater than 300,000 Btu/h, Et,actual shall be used. AFUE actual and Et,actual shall be calculated as described.
Exception: If a heating retrofit is considered and AFUE is available for the existing equipment but is not available for the proposed equipment, Et, actual shall be used for the existing equipment.
AFUE actual and Et,actual for the existing equipment shall be calculated assuming that deterioration in annual or thermal efficiency is proportional to the deterioration in combustion efficiency as follows:
AFUEactual=AFUElisted*Ec,actual/Ec,listed Et,actual=Et,listed*Ec,actual/Ec,listed Where
AFUEactual = actual AFUE of existing equipment
AFUElisted = AFUE of existing equipment listed on the nameplate or in the manufacturer’s literature. Ec,actual = actual combustion efficiency of existing equipment measured during the audit.
Ec,listed = combustion efficiency of existing equipment listed on the nameplate or in manufacturer’s literature. Et,actual = actual thermal efficiency of existing equipment.
Et,listed = thermal efficiency of existing heating equipment listed on equipment nameplate or in manufacturer’s literature.
If either Ec,listed or Et,listed is not available for the existing equipment, then Table 6-1 shall be used to estimate Et,actual based on the measured combustion efficiency Ec,actual. To compute Et,actual, subtract the numbers in the table from the measured (actual) combustion efficiency percentage.
[bookmark: _bookmark15]Table 6-1. Average Percentage Point Differences Between Et & Ec 17
	
Fluid
	Heat
Exchanger
	300,000-2,500,000 Btu/h
	2,500,000 - 10,000,000 Btu/h

	
	
	Natural Gas
	Oil #2
	Natural Gas
	Oil #2

	Steam
	Cast Iron
	2.1
	2.4
	1.5
	1.6

	Water
	Cast Iron
	1.6
	2.4
	1.4
	1.6

	
	Steel
	2.2
	3.4
	NA
	NA


For equipment below 300,000 Btu/h, if AFUEactual cannot be calculated as described in the section above, and for air-source heat pumps, then Table 6-2 must be used to estimate efficiency based on the equipment age.
[bookmark: _bookmark16]Table 6-2. Minimum Age-Based Efficiency
	Mechanical Systems
	Units
	pre-1991
	1992 to present

	Gas Furnace
	AFUE
	0.76
	0.78

	Gas Boiler
	AFUE
	0.77
	0.8

	Oil Furnace or Boiler
	AFUE
	0.8
	0.8

	Air-Source Heat Pump
	HSPF
	6.8
	6.8

	Ground-Water Geothermal Heat Pump
	COP
	3.2
	3.5

	Ground-Coupled Geothermal Heat Pump
	COP
	2.7
	3


The simulation model may account for lower summer efficiencies for the space heating boiler, in the case where this boiler heats domestic hot water. The assumptions and references must be documented in the Program Submission Documents.
[bookmark: Improvements][bookmark: _Toc229039023]Improvements
[bookmark: System_Replacement]System Replacement
AFUE shall be used to model the performance of equipment proposed as retrofit when the listed AFUE is available from the equipment manufacturer for both existing and proposed equipment. In all other cases, thermal efficiency (Et) shall be used to model both pre- and post-retrofit equipment. Alternative methods may be used with appropriate references and documentation.
The maximum AFUE and/or thermal efficiency for new condensing boilers must be modeled at 92% or less. Higher boiler efficiencies may be achievable with an aggressive outdoor reset schedule. However, distribution systems designed for higher temperature return water may not be able to provide sufficient heat with the low return water temperatures required for condensing. In addition, near boiler piping may not be designed to allow for low-return water temperatures. If a higher efficiency is modeled, the following documentation must be provided: 1) the outdoor reset schedule; 2) a detailed description of the near-boiler piping and distribution system showing that sufficient heat can be provided to the building at low return water temperatures OR the proposed plan for updating the near-boiler piping and distribution system to accommodate lower return water temperatures.
[bookmark: Boiler_Tune-up]Rated efficiency of proposed HVAC equipment must be included in the Program Submission Documents and must be based on the test procedure appropriate for the specified equipment type, as listed in the Energy Conservation Construction Code of New York State. Equipment that does not have the standard rating, such as ARI rating, may be allowed as a measure, but is subject to program review.
Boiler Tune-up
The estimated useful life of boiler tune ups shall not exceed one year. The efficiency increase due to boiler tune- up depends on the boiler condition prior to the tune-up and the scope of work being performed. The longevity of such savings is difficult to determine, as factors such as water quality, fuel, and proper maintenance are all influential. For example, commercial boilers that use gas and light oil may only need to be cleaned once a year in comparison to boilers using heavy oil, which require several cleanings each year 43.

[bookmark: Cooling_Equipment][bookmark: _Toc229039024]Cooling Equipment
Efficiency of Existing Equipment
If the efficiency of existing system cannot be determined based on the equipment nameplate, the following values must be used in the pre-retrofit model:
central air conditioners: SEER 10 / EER 9.2 53
heat pumps: SEER 10 / HSPF 6.8 53
room air conditioners 53
<20,000 Btu/h: SEER 9.7
>=20,000 Btu/h: SEER 8.5
Refrigerant charge correction
Refrigerant charge correction may be modeled as 10% improvement in pre-retrofit EER 53.

[bookmark: 6.2_Distribution_System][bookmark: _Toc229039025]Distribution System
[bookmark: Variable_Frequency_Drives_(VFD)][bookmark: _Toc229039026]Variable Frequency Drives (VFD)
Savings from the installation of variable speed drives shall be determined based on the fan/pump affinity laws using an exponent of 2.2 (to account for system effect) and no more than a 30% reduction in average flow.
Savings can be attributed to water or air distribution.
Example 1: Site condition: A central chiller plant in a high-rise multifamily building, using a primary/secondary pumping scheme feeds 300 gallons per minute (GPM) of water throughout the building to fan coil units. The pump is driven with a 10 hp motor with an operating bhp of 8.5. A VFD will be installed with an estimated average flow reduction of 20%. Existing motor revolutions per minute (RPM) is 1,800 (RPM is to be taken from design documents where available or from field gathered data).
Flow is directly proportional to rotational speed: Q1/Q2 = N1/N2, 300/240 = 1800/N2, N2 =1,440
Where:
Q = chilled water flow before and after VFD installation. N = motor RPM before and after VFD installation.
Once the new RPM is found the reduction in kW can be determined as follows. kW1/kW2 =(N1/N2)2.2 , kW2 =kW1/(N1/N2)2.2
Where:
kW1 = 8.5(bhp) * 0.746/0.88 (motor efficiency) = 6.34 kW kW2 = 7.2/(1800/1440)2.2
kW2 =7.2 / 1.75 = 4.11
Pre- and post-kW should then be multiplied to the typical run hours for the unit based on location where applicable and the difference in kWh determined. The improvement can now be modeled as an appliance using the difference in kWh as the yearly consumption and removed as part of the improvement.
[bookmark: Steam_Distribution_Improvements][bookmark: _Toc229039027]Steam Distribution Improvements
Improving a steam distribution system can improve tenant comfort and save energy. Various distribution improvements, including installing orifice plates and thermostatic radiator valves, repairing all basement steam traps, and installing an energy management system that controls the boiler based on actual average building temperature appear to have a synergistic effect when installed together.
The highest amount of savings will be achieved when all the following improvements are implemented:
Install a correctly sized orifice plate on every radiator.
Install TRVs or other in-unit controls so tenants can reduce the amount of heat supplied by each radiator.
Install an EMS to control the boiler based on average actual indoor temperature or recommission an existing EMS to reflect the new conditions in the building.
Install air vents on all the risers to ensure that air can vent from the distribution system quickly.
Repair all steam traps in the basement.
Repair the pressure controls on the boiler to supply steam at the correct pressure for the steam traps or orifice plates.
Tune up the burner to maximize the efficiency across the range of firing levels.
Modeling distribution improvements using modeling software is difficult and is not recommended at this time. Instead, the table below shows estimated savings for various combinations of steam distribution improvements. The higher amount of savings is the maximum estimated savings allowed for each combination of measures.
Table 6-3. Steam Distribution Improvement Savings
	
Installed Measure(s)
	Savings as a Percent of Heating Energy Usage2

	Orifice plates or apartment steam traps ONLY
	0%

	Orifice plates or apartment steam traps AND
Basement steam trap repair/replacement
	2-5%

	Orifice plates or apartment steam traps AND Basement steam trap repair/replacement AND
EMS
	10-20%

	Orifice plates or apartment steam traps AND
Basement steam trap repair/replacement AND
	15-30%

	EMS AND
TRVs
	


Estimated based on “Implementation of Supply-Side Orifice Plates in Two-Pipe Steam Systems” Prepared by Steven Winter Associates, New York, NY.

Note: If any portion of the measures above were previously installed and will be recommissioned as part of the proposed scope of work or have been recently tested and are in good condition, please describe this in the Measure Description, and savings may still be claimed.
When estimating savings, it is important to understand the reason for each of the measures in Table 6-3. Installing orifice plates on every radiator prevents steam from entering the return piping via the radiators. However, if the steam traps in the basement are not also repaired or replaced, steam will continue to pressurize the return piping, leading to underheated apartments.
If orifice plates are installed on every radiator and the basement steam traps are repaired or replaced, steam will not be able to pressurize the return piping, and heating imbalances in the building will be reduced. The tenants will be much more comfortable but reducing heating imbalances does not produce substantial energy savings by itself; the apartments will be uniformly overheated instead of some being overheated and some being underheated.
To achieve savings, the overheating must be reduced. A straightforward way to do this is to install an EMS that turns the boiler off when a sample of apartments reaches the setpoint temperature. If the building already has an EMS, it must be recommissioned after the orifice plates have been installed and the basement steam traps are repaired. The settings must be adjusted to the new conditions in the building to achieve savings.
Adding TRVs in addition to an EMS gives additional control over how much steam is needed to heat the building. Tenants that prefer cooler temperatures can set their TRVs lower, which reduces the amount of steam needed to heat the building if the distribution system is well balanced.
When calculating interactivity between measures using modeling software, model the fuel savings as an appliance that is removed.









	
	
	




[bookmark: 7_Heating/Cooling_Temperature_Schedule][bookmark: _Toc229039028]Heating/Cooling Temperature Schedule

[bookmark: 7.1_Existing_Conditions][bookmark: _Toc229039029]Existing Conditions
Actual indoor temperatures during heating and cooling seasons must be modeled as thermostat setpoints. Heating and cooling setpoints used in the model must be documented in the Program Submission Documents.
If the total area-weighted building temperature of all modeled zones combined is outside a range of 69°F – 76°F for at least some of the time during the heating season, then the inputs must be supported by a record of indoor temperatures measured in multiple locations. See the Technical Topic, Indoor Temperature, for more information. 24, 25, 28.
Example 1: Site Conditions: It is determined that 20% of apartments are overheated and that the average temperature for these apartments is 82°F. The average space temperature in the remaining apartments is 72°F.
Modeling Approach: Overheated spaces may be modeled as a separate zone or aggregated with other apartments. If modeled as a separate zone, then the space temperature of the zone representing overheated apartments will be modeled as 82 °F, and the space temperature of the zone representing the rest of the apartments will be modeled as 72°F. If overheated areas are aggregated with other apartments into single zone, then the modeled temperature of this zone is calculated as 82°F * 20% + 72°F * 80% = 74°F.
With either approach, the weighted average temperature in the model is 74°F, which falls within the range allowed by this Section 8.1(b).



[bookmark: 7.2_Improvements][bookmark: _Toc229039030]Improvements
Table 7-1. Temperature Reduction at Apartment Level
	Existing
	Proposed
	Modeling Protocol

	Non-programmable thermostats; corresponding heating or cooling bills NOT paid by residents
	Programmable thermostats in apartments or TRVs with no upper limit set
	Not allowed in scope of work as an energy efficiency measure 25 – unlikely to generate energy savings

	Non-programmable thermostats; corresponding heating or cooling bills paid by residents
	
Night setback via programmable thermostats in apartments
	Heating: maximum 3°F setback for 8 hours per day 53
Cooling: maximum 2°F increase for 6 hours per day 18

	Any resident-controlled thermostat, TRV, or other temperature control
	Range-limited thermostats, TRVs, or other controls with a specific upper limit on indoor temperature
	Must use interior space temperature no less than specified upper limit 24, 25. Maximum 2°F temperature reduction.


Note that if modeled energy savings are based on the reduction of space temperature in apartments where occupants have unlimited apartment-level control over the heating setpoint, the post retrofit temperature during occupied periods should not be less than 74°F in buildings with owner-paid corresponding utilities, or 72°F in buildings with resident-paid corresponding utilities 25.
Table 7-2. Temperature Control at Building Level – Steam Systems
	Existing
	Proposed
	Modeling Protocol - Steam

	On/off control only; no outdoor reset
Note that outdoor reset for steam systems is defined as a control that adjusts the length of the steam cycle as the outdoor temperature changes.
	


Outdoor reset
	Model as a temperature reduction. Do not model as “outdoor reset” as this option only applies to hot water system or vacuum steam systems. Must provide details of existing controls and evidence that outdoor reset is not currently being utilized.
1°F maximum temperature reduction

	Outdoor reset;
heating imbalances observed
	EMS with indoor temperature sensors
	Distribution imbalances not addressed: 2°F maximum temperature reduction
Distribution imbalances addressed: 3°F maximum temperature reduction

	Outdoor reset;
no heating imbalances
	EMS with indoor temperature sensors
	
3°F maximum temperature reduction


The temperature reductions in the table above are weighted average reductions, inclusive of night setback.


Table 7-3. Temperature Control at Building Level – Hot Water Systems
	Existing
	Proposed	
	Modeling Protocol – Hot Water

	






On/off control only, no outdoor reset
	


Outdoor reset
	Model as outdoor reset control on hot water loop. Must provide details of existing controls and evidence that outdoor reset is not currently being utilized. System must be able to operate with outdoor reset (condensing boilers and/or boilers separated from heating loop).

	
	


Outdoor reset and EMS with indoor temperature sensors
	Model as above for outdoor reset portion of savings.

Additionally, model a temperature reduction of 1°F maximum if the outdoor reset curve (i.e. the hot water loop set point) will be adjusted based on feedback from apartment sensors.

	


Outdoor reset
	

EMS with indoor temperature sensors
	Model as a temperature reduction if outdoor reset curve (hot water loop set point) will be adjusted based on feedback from apartment sensors.

1°F maximum temperature reduction


Steam boilers that supply a hot water loop are to be considered a hot water system. The temperature reductions in the table above are weighted average reductions, inclusive of night setback. For more information, see Appendix D.
	
	
	




[bookmark: 8_Air_Infiltration_and_Mechanical_Ventil][bookmark: _Toc229039031]Air Infiltration and Mechanical Ventilation

[bookmark: 8.1_Mechanical_Ventilation][bookmark: _Toc229039032]Mechanical Ventilation
Mechanical ventilation shall be modeled according to data collected by the provider during the site visit, including the fan runtime hours and flow rates. Fan flow rates may be measured, obtained from as-built drawings and specifications, estimated based on manufacturer’s data for the installed model and ductwork characteristics, or estimated based on the rated fan motor horsepower listed on the nameplate.
The electricity consumption of fan motors shall be included in the model based on the rated power consumption and the annual fan run time, as determined in the field. The following equations may be used to estimate fan motor energy:
          20
                      15


where:
CFM = design flow rate
FanStaticPressure = pressure drop in ductwork, inch H2O FanEfficiency = fan motor efficiency fraction
8520 = conversion factor, 
bhp = break horsepower of fan motor
If the proposed improvements include a change in mechanical ventilation rates, then the projected savings should reflect the impact of the change on heating and cooling loads and fan motor energy consumption.

[bookmark: 8.2_Pre-retrofit_Infiltration][bookmark: _Toc229039033]Pre-retrofit Infiltration
Average air changes per hour (ACH) in the conditioned space caused by natural infiltration of outdoor air during the heating season must be below 1.0 ACH, or below 0.21 CFM per square foot3 of gross vertical exterior wall area 2,4,6,7,8,9.4 However, infiltration rates may be much lower than these maximum values in most multifamily buildings, and 0.6 ACH should be considered typical. Average heating season air changes that are higher than 1.0 ACH might occur when there are many intentional openings, such as a high occurrence of open windows. If present, these conditions must be documented in the Program Submission Documents.
Blower door measurements may be converted to estimated annual infiltration rates using the equations below 21:
ACH=ACH50/K
ACH50=CFM50*L/Building Volume [CF]
Coefficients K and L may vary depending on the building and test conditions. In the absence of project-specific references, K=20 and L=60 should be used.
Non-apartment spaces with low area of exterior surfaces, such as corridors or basements, have much lower infiltration rates. For example, 0.2 ACH is considered typical for a basement. A notable exception to this rule are mechanical rooms, which often have much higher infiltration rates due to intentional combustion air openings.
[bookmark: _bookmark28]This value of CFM/sq. ft. represents infiltration through all components of the building envelope, including the roof, normalized to CFM per square foot of gross vertical wall area above ground.
[bookmark: _bookmark29]These are approximations based on a review of reports by Gulay, et al., (1993); Palmiter, et al., (1995); Shaw et al., (1980, 1990, and 1991); and Sherman et al., (2004). Information on measured infiltration rates in multifamily buildings is extremely limited. Most of the available information cannot be directly correlated to New York State’s building stock and climate conditions

[bookmark: 8.3_Interaction_between_Infiltration_and][bookmark: _Toc229039034]Interaction between Infiltration and Mechanical Ventilation
Outdoor air flow rates in pre- and post-retrofit models shall reflect the combined effect of natural and mechanical ventilation. If the simulation tool does not automatically account for the interaction between infiltration and ventilation, which is the case for most tools, including TREAT and eQUEST, then the combined flow rate must be calculated using equation 51 in Chapter 16 of the 2017 ASHRAE Handbook–Fundamentals, as quoted below:

(Equation 8.1)
Qcomb [CFM] = combined rate of natural and mechanical ventilation.
Qbal [CFM] = balanced mechanical ventilation in a space or group of connected spaces that have both exhaust and supply fans. This represents the portion of mechanical ventilation where the exhaust flow is equal to the supply flow. Qbal = minimum (Qexhaust, Qsupply)
Qunbal [CFM] = unbalanced mechanical ventilation flow in a space of group of connected spaces. This is the portion of mechanical ventilation where either the exhaust or supply flow is greater than the other.
Qunbal = maximum (Qexhaust, Qsupply)- Qbal. If the space has only supply or exhaust, all the flow is unbalanced.
Qinfiltration [CFM] = natural (non-mechanical) infiltration rate.
Equivalent combined rate Qcomb may be modeled as either all-mechanical or all-natural ventilation, or as a combination of the two as appropriate for the simulation tool being used. See Modeling Approach section for calculation procedure.
[bookmark: 8.4_Infiltration_Reduction_Improvements][bookmark: _Toc229039035]Infiltration Reduction Improvements
Air sealing and infiltration reduction improvements should be conservatively estimated as not to overstate energy savings. When calculating the proposed infiltration reduction, it is recommended that you use known leakage rates of specific building components, for both pre- and post-retrofit conditions. Included in Appendix B is a table from the 2001 ASHRAE Fundamentals Handbook listing the Effective Leakage Area through common building components.
Once the combined reduction in Effective Leakage Area has been calculated, the following formula can be used to calculate the natural ACH reduction achieved:

An = Normalized leakage area, equivalent to natural ACH reduction achieved 56 Al = Effective Leakage Area (in2)
Af = Gross floor area (ft2)
H = Building height (ft)
H0 = reference height of one-story building, 8 ft
Field research has shown that extensive air sealing measures can reduce a building’s total infiltration rate by 18% to 38% 2, 9. Consistent with that, the maximum percentage reduction in infiltration from all improvements combined should be capped at 38%. This does not include the portion of infiltration that is attributable to occupant behavior, such as opened windows due to poor heating control.
If an infiltration reduction measure is included in the scope of work, it is important to update the interaction between the infiltration and mechanical ventilation for post-retrofit conditions using Equation 8.1 above. More details are included in the Modeling Approach section below.
[bookmark: 8.5_Modeling_Approach][bookmark: _Toc229039036]Modeling Approach
As mentioned in the section above, it is important to consider the interactions between infiltration and mechanical ventilation when calculating savings associated with either of these types of measures. The combined natural and mechanical ventilation should be calculated using Equation 8.1 above for both pre- and post-retrofit conditions and entered correctly into the energy modeling software.
When entering mechanical ventilation, adjust rates to reflect runtimes. Whole building natural infiltration higher than 0.6 ACH usually indicates above average air leakage, which should be evident from the site visit, with the locations of leakage documented in the Program Submission Documents.
When modeling or calculating the infiltration savings due to reducing the number of open windows by tenants, a penetration rate of no more than 90% should be used in assuming the retrofit ACH value.
	
	
	




[bookmark: 9_Lighting][bookmark: _Toc229039037]Lighting
[bookmark: 9.1_General][bookmark: _Toc229039038]General
The modeled wattage of fixtures that have ballasts or transformers must include the consumption of all components and not just the nominal lamp wattage. Every effort should be made to look up the specifications for the particular ballast model number. Appendix A lists total wattages for the typical lamp/ballast combinations that may be used in the model if the fixture-specific information is not available.
If the hourly lighting load distribution must be entered into the modeling tool, then the software default schedules, or the schedules developed by NREL and made available at the Building America website at http://www1.eere.energy.gov/buildings/building_america/perf_analysis.html (End-Use Profiles), may be used, provided that the load distribution does not exceed the total hours of operation required in this document.
Exterior lighting that is on the site utility meters (e.g., pole fixtures for walkways and parking, exterior lighting attached to the building, etc.) must be included in the energy simulation and considered for retrofit.
Improvements to exterior lighting may involve replacement of existing fixtures with new fixtures having better efficacy, reducing the number of fixtures to eliminate over lighting, and installing lighting controls such as timers, occupancy sensors and photosensors.
The same hours of operation must be used for pre- and post-retrofit fixtures unless the measure includes the installation of device(s) that affect the fixture runtime.
[bookmark: 9.2_Existing_Conditions][bookmark: _Toc229039039]Existing Conditions
The modeled wattage of existing incandescent fixtures must be equal to the wattage of the installed bulbs, but no greater than the maximum rated fixture wattage (see Appendix A).
Lighting inside apartment units for which no retrofit is proposed should be modeled as having an installed wattage of 2.0 W/SF 10 and operating 2.34 hr/day 23, or 2.0 * 2.34 = 4.68 [Wh/SF-day]. As part of the process to calibrate the model to utility bills, this energy consumption may be modified ± 30% by adjusting either the installed wattage or hours of operation.
Apartment lighting that is being retrofitted must be modeled with the operating hours in Table 9-1 below based on the room type 10. Alternatively, 3.2 hours/day runtime may be assumed for the existing incandescent lamps retrofitted with screw-in LEDs and 2.5 hours per day may be assumed for all other existing fixtures that are replaced 55. Alternative assumptions may be used but must be accompanied by the proper references and are subject to program review.
Existing or proposed lighting controls, including occupancy sensors and timers, may be modeled as a reduction in the hours of operation or as an equivalent adjustment to the installed lighting power from Table 9-2 14, 15. Alternative reductions in hours may be used but must be accompanied by the proper references and are subject to program review.
[bookmark: _bookmark36][bookmark: _Toc229039040]Table 9-1. In-Unit Lighting

	
Room Type
	Average Lighting Usage
(hrs/day)

	Kitchen/Dining
	3.5

	Living Room
	3.5

	Hall
	2.5

	In-unit laundry/utility room
	2.5

	Bedroom
	2.0

	Bathroom
	2.0



[bookmark: _bookmark37][bookmark: _Toc229039041]Table 9-2. Common Area Lighting
	
Space Type
	Power Adjustment Percentage
Reduction in Operating Hours

	Hallways/Corridors
	25%

	All other spaces intended for 24-hour use
	10%



[bookmark: 9.3_Improvements][bookmark: _Toc229039042]Improvements
Without evidence of significant over-lighting, reductions in light output should not be included as part of energy savings projections from LED retrofits. For more details see Technical Topic: LED Lighting Recommendations in Appendix E.
If an improvement includes installation of fixtures that will use screw-in CFLs, then the modeled wattage of proposed fixtures must be equal to the maximum rated fixture wattage, regardless of the wattage of the proposed bulbs. For example, if a new fixture can use either incandescent bulbs or CFL, the wattage of the fixture’s maximum allowable incandescent bulb must be used in the model.
Depending on existing lighting and proposed lighting, the program limits allowable claimed wattage reduction based on the table below. Note, these wattage reductions are often different than what is recommended by manufacturers’ packaging. In addition, care must be taken with special populations (such as seniors) to provide appropriate lighting levels. For more details see Technical Topic: LED Lighting Recommendations in Appendix E.

Table 9-3. Wattage Reduction Limit
	Existing Fixture Type
	Proposed Fixture Type
	Wattage reduction limit
	Example

	Incandescent
	Fluorescent or CFL
	3.4:1 reduction in wattage
	CFL replacing a 60W incandescent bulb should be modeled at no less than 18W (60W/3.4)

	Incandescent
	LED
	4.5:1 reduction in wattage
	LED replacing a 60W incandescent bulb should be modeled at no less than
13.3W (60W/4.5)

	Fluorescent & High Intensity Discharge (HID)
	LED
	If the efficacy of the existing fixtures is unknown, then a wattage reduction of no more than 1/3 should be assumed
	LED replacing a 150W HID should be modeled at no less than 100W


If a project includes a wattage reduction greater than what is allowed as described in the above table, one of the following documentation alternatives must be submitted for each non-compliant fixture:

Table 9-4. Documentation Alternatives
	
	For the Existing Fixture
	For the Proposed Fixture

	Option 1*
	Existing light output and how measured, existing wattage and how measured, make and model of existing fixture, lamp, and ballast.
	Cut sheet including the model number, wattage, and mean lumen output.

	Option 2
	Photos of light meter readings confirming space foot-candles.
	Foot-candle calculations for the space, confirming the proposed design provides lumens per square foot that are greater than or equal to the existing measured light levels.

	Option 3
	N/A
	Foot-candle calculations to confirm foot-candles meet or exceed recommendations in the current edition of the Illumination Engineering Society (IESNA) Lighting Handbook based on space type.


* See the Technical Topic: LED Lighting Recommendations in Appendix E.
For estimating proposed energy usage from lighting controls, see section 9.2 and Table 9-2.
	
	
	




[bookmark: 10_Envelope_Components][bookmark: _Toc229039043]Envelope Components
[bookmark: 10.1_Surfaces][bookmark: _Toc229039044]Surfaces
If different cross-sections through non-steel-framed surfaces have different R-values, then the overall effective R-value for those surfaces must be calculated by first calculating the U-values of each cross-section and then pro-rating the U-value by the corresponding fraction of surface area as described in the calculation example in the Technical Topic on Calculating the U-values of a Surface released for New Construction projects.	Comment by Miller, Pamela  (NYSERDA): Remind Betsy we need Tech Topics - mention to Brian.
Construction libraries of approved simulation tools may be used but must represent the combined thermal properties of the frame and cavity sections.
Effective R-values of metal frame constructions must be based on the tables in ASHRAE Standard 90.1 (Appendix A within ASHRAE Standard 90.1). The applicable version of ASHRAE 90.1 should align with the state’s commercial energy code in effect on the buildings permit date. The ‘permit date’ is the date on which the permit authorizing construction of the building was issued. If the pre-retrofit or post-retrofit conditions include insulation that has an intermediate R-value between those provided in the tables, then it is legitimate to interpolate between the framing/cavity R-values shown in the table. For example, if cavity insulation was determined to be R-20, but ASHRAE 90.1 only provides effective R-value for R-19 and R-21 cavity insulation for the given construction, then the average of these values may be used to model a surface with R-20 cavity insulation.
If gaps or other defects in the existing insulation are discovered, then its U-value must be de-rated. The de-rating procedure must be explained in the Program Submission Documents.
For portions of envelope where construction cannot be determined, the following assumptions may be used 53:
Old, poorly insulated / un-insulated wall – R-7
Existing wall with average insulation – R-11
Old, poorly insulated roof – R-11
Existing roof with average insulation – R-19
Libraries available in the simulation tools include many common constructions. If the exact match for the existing or proposed construction cannot be found (for example, if there is no matching entry in the TREAT library), then the effective R-value for the surface, including de-rating for insulation defects, should be calculated outside of the simulation tool. If software (such as TREAT) does not allow entering custom constructions, then the surface with the closest effective R-value must be selected from the library. An attempt should be made to select a surface assembly which also has a similar thermal mass. For example, if the actual wall has block construction, it is preferable that the surface assembly selected from the library to represent this wall includes a block layer.
[bookmark: 10.2_Fenestration][bookmark: _Toc229039045]Fenestration
[bookmark: Existing_Condition][bookmark: _Toc229039046]Existing Condition
The following properties must be used to model existing windows unless building-specific information is available 53:
Single pane windows: solar heat gain coefficient of 0.87 and U-value of 1.2 Btu/h-SF-deg F
Double pane windows: solar heat gain coefficient of 0.77 and U-value of 0.87 Btu/h-SF-deg F
Please note, the modeler is allowed to use more conservative values if the existing window solar heat gain coefficient and U-value are unknown, in order to more realistically project savings based on the existing buildings characteristics. Please note these assumptions in the Program Submission Documents and reasoning for not using the prescribed values above.

[bookmark: Proposed_windows][bookmark: _Toc229039047]Proposed windows
The actual properties of the specified window must be used in the modeling. If those U-values and SHGC’s are not available, model windows that meet the Program's Minimum Performance Standards.
	
	
	




[bookmark: 11_Domestic_Hot_Water][bookmark: _Toc229039048]Domestic Hot Water

[bookmark: 11.1_Domestic_Hot_Water_Heating_Systems][bookmark: _Toc229039049]Domestic Hot Water Heating Systems
[bookmark: Water_Heating_Equipment_Categories][bookmark: _Toc229039050]Water Heating Equipment Categories
Residential Storage Water Heaters. This category includes electric heaters with input ≤ 12kW, gas heaters with input ≤ 75,000 BTU/h, and Oil heaters with input ≤ 105,000BTU/h, and storage capacity below 120 gallons.
Residential Instantaneous Water Heaters. This category includes gas heaters with input ≤ 75,000 BTU/h and oil heaters with input ≤ 210,000BTU/h.
Larger storage and instantaneous heaters are categorized as Non-residential.

[bookmark: Water_Heating_Equipment_Performance_Char][bookmark: _Toc229039051]Water Heating Equipment Performance Characteristics
Efficiency of water heating equipment is described through one or more of the following parameters:
Recovery Efficiency – heat absorbed by the water divided by the heat input to the heating unit during the period that water temperature is raised from inlet temperature to final temperature.
Recovery Rate – the amount of hot water that a residential water heater can continually produce, usually reported as flow rate in gallons per hour, which can be maintained for a specified temperature rise through the water heater.
Energy Factor – a measure of water heater overall efficiency determined by comparing the energy supplied in heated water to the total daily energy consumption of the water heater determined following DOE test procedure (10 CFR Part 430). The energy factor represents the fraction of all heat that was used to heat the water and maintain the temperature of that water in the face of standby losses that is still present in the water when it flows into the distribution system. It can never be higher than the thermal efficiency (see below).
Standby loss, as applied to a tank type water heater under test conditions with no water flow, is the average hourly energy consumption divided by the average hourly heat energy contained in the stored water expressed as percent per hour. This may be converted to the average Btu/h energy consumption required to maintain any water-air temperature difference by multiplying the percent by the temperature difference, 8.25 Btu/gal*F (a nominal specific heat for water), the tank capacity, and then dividing by 100.
Thermal Efficiency is the heat in the water flowing from the heater outlet divided by the heat input over a specific period of steady-state conditions. Et accounts for the flue losses and the loss through the heater (boiler) jacket when boiler is firing.
Residential water heaters (storage and instantaneous) have performance specified by the energy factor, EF. Non-residential water heaters with storage volume <10 gal usually have thermal efficiency Et available. Water heaters with larger storage capacity have standby loss ratings in addition to thermal efficiency. For unfired storage tanks, R-value of tank insulation is usually specified.
[bookmark: Evaluating_Performance_of_the_Existing_W][bookmark: _Toc229039052]Evaluating Performance of the Existing Water Heaters
If performance of the existing water heater is unknown, combustion efficiency Ec should be measured. This value should be reduced by 3 percentage points to estimate thermal efficiency Et 39.
Et=Ec-0.03
For all instantaneous water heaters, assume negligible standby losses SL=0 and EF=Et. For residential water heaters, the following relationship may be used to estimate EF 38: EF=0.62-0.0019*Rated Storage Tank Volume
For commercial storage water heaters, use the following relationship to estimate SL 38:
	
	
	




	
	
	






Q[Btu/h]	- rated input power V[gallons]	- rated storage tank volume
eQUEST requires that user enters Heat Input Ratio (HIR), tank volume in gallons, and tank UA 38. These shall be determined as follows:
HIR = 100/Et
UA=SL*Et/70
Part load performance degradation must be based on default DOE2 performance curves. If simulation tool allows specifying water heater efficiency using different parameters, such as in TREAT, the same efficiency descriptors must be used for both baseline and proposed equipment where possible.

[bookmark: 11.2_Existing_DHW_Demand][bookmark: _Toc229039053]Existing DHW Demand
Overall Hot Water Consumption
The typical usage reported in the ASHRAE Applications Handbook is 14-54 gal/day/person. This is based on studies by Goldner and Price 46, which also demonstrate that a middle range is 30 gal/day/person. This middle range is a good starting point for modeling. Demographic characteristics affecting hot water consumption are shown in Table 11-1.
Consumption above 54 gal/day/person is possible and was observed in some field studies 46; however, if the model is using a high-water consumption to calibrate the model, then other possible factors affecting DHW usage must also be considered, and justification must be included in the Program Submission Documents. Examples of factors affecting DHW demand and/or DHW energy consumption could be the DHW temperature, equipment efficiency, standby and distribution losses, and water leaks.
	
	
	




[bookmark: _bookmark50]Table 11-1. Demographic Characteristics Correlating to DHW Consumption
	Demographic Characteristics
	Average daily DHW usage
(gallons/day per person)

	No occupants work High % of Children Low income
Public assistance
	54

	Families Singles
Single-parent households
	30

	Couples Middle income Seniors
All adult occupants work.
	14


Note: These gallons are for DHW set at a temperature that will achieve 120°F at the tap.
Example: Site Conditions: A building has 15 apartments and is occupied mostly by low-income families with children, with an average of three people per apartment.
Modeling Approach: Model hot water usage as being up to 54 gal/day-person*3 person/apt=162 gal/day/apartment. If proper calibration is still not achieved, then other factors affecting hot water heating energy consumption must be considered, including the DHW temperature, equipment efficiency, standby and distribution losses, water leaks, etc., before a further increase in hot water demand is modeled.
Allocation of demand to the correct end uses.
If the Program Submission Documents includes any measure that claims energy savings from reducing DHW consumption, then the base- building DHW consumption must be determined by calibrating the modeled DHW-related energy usage and by modeling all clothes washers and dishwashers on site. Modeling of existing clothes washers and dishwashers is required for modeling the installation of faucet aerators or showerheads. This will assist in validating the portion of total hot water consumption that is allocated to the non-appliance usage in the base-building model.

[bookmark: Clothes_Washers][bookmark: _Toc229039054]Clothes Washers
The assumed hot water consumption of existing clothes washers shall be determined as follows:
Determination of annual loads per washer. Use actual measured annual loads per washer when available, such as from coin income receipts. Otherwise, use the typical loads per washer as defined below.
Common area washers. The number of annual wash cycles per each washer located in a common area shall be determined per the formula below, or as 2,738 cycles/year per washer, whichever is less:
	
	
	




[image: Mathematical formula for calculating common laundry load. L-sub-common equals the quantity (Number of occupants with no washer in apartment) divided by (Number of common area washers), multiplied by 36.5.]
Lcommon = Annual number of loads per each washer located in a shared common area laundry room 47. Number of occupants with no washer in apartment is equal to the total number of residents at the site multiplied by the percentage of apartments that do not have in-unit clothes washers.
Number of common area washers is equal to the total number of washers located in common areas, not just the washers intended for replacement.
The number of loads per washer shall be equally distributed among all common area washers.
In-apartment washers. The number of wash cycles for an in-apartment washing machine shall be modeled as being between 110 to 146 loads per occupant per year, multiplied by the number of occupants in that apartment 47 (the average number of occupants per apartment may be used). If the apartment has more than one washing machine, then the result should be divided by the number of washers to determine annual loads per washer.
Determination of hot water consumption per load. Hot water consumption per load shall be determined by multiplying the rated total gallons per load (hot and cold water combined) by the following percentages 48:
For non-EnergyStar® models, multiply the total rated water consumption per load by 29%.
For EnergyStar® models, multiply the total rated water consumption per load by 21%.
Rated total gallons per load (hot and cold water combined) is equal to the rated water factor multiplied by the washer volume (cubic feet). If only the EPA rating for gallons per year is known, such as for residential models, then divide gallons per year by 392 to determine gallons per load (both hot and cold water).

[bookmark: Dishwashers][bookmark: _Toc229039055]Dishwashers
See discussion of dishwashers in Plug Loads section of this document.

[bookmark: 11.3_DHW_Improvements][bookmark: _Toc229039056]DHW Improvements
[bookmark: Low-flow_devices][bookmark: _Toc229039057]Low-flow devices
If the installation of low-flow faucet aerators or showerheads is included in the Program Submission Documents, then:
The flow rate of existing fixtures must be documented and based on measurements in a sample of apartments.
All existing dishwashers and clothes washers must also be modeled in the base-building model per these guidelines.
Post-retrofit flow rates must be modeled at a minimum of 1.5 GPM.

Post-retrofit flow rates less than 1.5 GPM may be modeled if a cut sheet confirming the make, model, and GPM is provided, and this information is able to be verified on the fixture itself during building inspections.
A penetration rate of no more than 90% should be used in assuming the retrofit of low-flow devices (kitchen sinks, bathroom sinks, showerheads). A 100% penetration rate may be used for toilets.
If the simulation tool allows for explicit modeling of water heating energy savings associated with low-flow device installation (such as TREAT), then the tool functionality must be used to calculate the savings. If the reduction in annual hot water consumption due to low flow fixture installation must be calculated externally (for example, when using eQUEST) the DHW Reduction must be calculated as described below, and applied to the existing modeled flow rate:
DHW Reduction = % reduction in annual DHW usage
LFS [GPM] = average weighted flow rate of low-flow showerheads PS [GPM] = average weighted flow rate of pre-retrofit showerhead LFF [GPM] = average weighted flow rate of low-flow faucet
PF [GPM] = average weighted flow rate of pre-retrofit faucet
The flow rates of existing fixtures that are being replaced must be measured and included in the Program Submission Documents.

[bookmark: EnergyStar®_clothes_washers.][bookmark: _Toc229039058]EnergyStar® clothes washers.
Annual loads per washer shall be modeled as described in Section 12.2. Hot water consumption per load for new EnergyStar® models shall be determined by multiplying the rated total gallons per load (hot and cold water combined) by 21% 48.

[bookmark: EnergyStar®_dishwashers.][bookmark: _Toc229039059]EnergyStar® dishwashers.
Simulation guidelines for dishwasher DHW consumption and savings are shown in the Plug Loads section of this document.
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[bookmark: 12.1_Existing_Conditions][bookmark: _Toc229039061]Existing Conditions
Elevator energy consumption for a specific building is difficult to estimate. Even when the type and size of the motor can be determined, the actual consumption depends on many variables, including building type, population type, hoist mechanism, weights of the load and counterbalance, speed of travel, etc. Best practice for determining the electricity consumption of a specific elevator is to monitor its electricity consumption for several weeks using data logging equipment that can record actual energy consumption.
If actual electricity consumption cannot be determined through data monitoring, pre-retrofit elevator energy use should be modeled as 2%‒7% of whole building electricity use (excluding electric heating and/or electric hot water), unless additional documentation is provided.
[bookmark: _bookmark59]Table 12-1. The Relative Efficiency Between Different Types of Elevators
	Elevator Type
	

	DC Motor with Motor Generator Set
	Least Efficient

	DC Motor with Rectifier
	

	AC Geared Motor
	

	AC Geared Motor with VVVF
	

	AC Gearless Motor with VVVF
	

	AC Gearless Motor with VVVF and Regenerative Braking
	Most Efficient



The Technical Topic, Elevator Energy Use and Other Essentials (see Appendix F), provides a more detail review of the different types of elevators and their associated energy use.

[bookmark: 12.2_Improvements][bookmark: _Toc229039062]Improvements
Total projected electrical savings from elevator replacement, motor and/or controls, should not exceed more than 60% of the total elevator electricity consumption pre-retrofit. This maximum reduction assumes that the least efficient type of elevator (DC Motor with Motor Generator Set) is being replaced with the most efficient type of elevator (AC Gearless Motor with VVVF and Regenerative Braking). See Table 12-1 above for the relative efficiencies between different types of elevators. If savings are greater than 60%, they must be clearly documented and supported.
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[bookmark: 13.1_Existing_Conditions][bookmark: _Toc229039064]Existing Conditions
With the exception of refrigerators and dishwashers, kitchen appliances that are not targeted for replacement in the Program Submission Documents may be modeled using the appropriate software defaults or as specified for pre-retrofit conditions in the Improvements section below. Usage of such appliances may be adjusted ±30% as part of model calibration.
The provider must sample a reasonable number of existing refrigerators, and must use data from the manufacturer, the appliance Energy Guide label, the Association of Home Appliance Manufacturers (AHAM) directory, or from the online databases such as https://www.energy.gov/scep/wap/articles/refrigerator-and-freezer-energy-rating-online-search-tool based on the actual models found in the building. If data on energy consumption based on the model numbers is not available in the sources listed above, the provider must monitor a reasonable sample of refrigerators.
Loads from miscellaneous small kitchen appliances, home entertainment equipment, computers, etc., may be combined into one category and modeled as 1.37 kWh/yr. per square foot of finished floor area of living space 26. This usage may be adjusted ±30% as part of the process of calibrating the model to utility bills.
Alternatively, the actual equipment may be modeled as recorded during the audit and documented usage assumptions.
Miscellaneous electric loads in non-apartment spaces may either be based on Table 13-1 27 or loads from actual equipment found during the audit and documented usage assumptions.
[bookmark: _bookmark63]Table 13-1. Miscellaneous Electric Loads in Non-Apartment Spaces
	
Space Type
	
Annual Electricity Usage

	Corridors, restrooms, stairs and support areas
	0.7 kWh/SF

	Offices
	4.9 kWh/SF

	All Other
	1.0 kWh/SF


[bookmark: 13.2_Improvements][bookmark: _Toc229039065]Improvements
If the Program Submission Documents includes installation of ENERGY STAR® refrigerators, the post-retrofit usage must be based on data from https://www.energystar.gov/products/refrigerators. 
If the Program Submission Documents includes the installation of ENERGY STAR dishwashers, then pre- and post-retrofit usage must be based on data for the existing and proposed models from the manufacturer, taken from the appliance Energy Guide label, or as published by Association of Home Appliance Manufacturers (AHAM). If the data for the pre- or post-retrofit dishwasher is unknown, then values from Table 13.2 may be used.  The usage is based on 215 cycles per year.
Table 13-2. Pre- and Post-Retrofit Energy Usage for Dishwashers
	
Annual Fuel Usage per Unit
	
Energy Star® Dishwasher
	
Existing Dishwasher

	Electricity consumption
	187 kWh
	264 kWh

	Water Heating Gas / Electric
	6 therm /144 kWh
	19 therm / 203 kWh


If the Program Submission Documents includes the installation of ENERGY STAR® clothes washer, then information about the existing and proposed washer models must be provided, including manufacturer, model number, the rated total motor electricity consumption as listed by the manufacturer or current ENERGY STAR publications, and documentation of the typical kWh consumed per cycle for each model. The associated water heating savings shall be modeled as described in Section 11.
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The following tables are from the New York Standard Approach for Estimating Energy Savings from Energy Efficiency Measures Version 12, October 22, 2024 55 and show typical lighting power for various fixtures and their ballast/lamp combinations.
	Fixture Code
	Lamp Code
	Description
	Ballast
	Lamp/Fixture
	Watt/Lamp
	Watt/Fixture

	CF10/2D
	CFD10W
	Compact Fluorescent, 2D, (1) 10W lamp
	Mag-STD
	1
	10
	16

	CF10/2D-L
	CFD10W
	Compact Fluorescent, 2D, (1) 10W lamp
	Electronic
	1
	10
	12

	CF11/1
	CF11W
	Compact Fluorescent, (1) 11W lamp
	Mag-STD
	1
	11
	13

	CF11/2
	CF11W
	Compact Fluorescent, (2) 11W lamp
	Mag-STD
	2
	11
	26

	CF16/2D
	CFD16W
	Compact Fluorescent, 2D, (1) 16W lamp
	Mag-STD
	1
	16
	26

	CF16/2D-L
	CFD16W
	Compact Fluorescent, 2D, (1) 16W lamp
	Electronic
	1
	16
	18

	CF18/3-L
	CF18W
	Compact Fluorescent, (3) 18W lamp
	Electronic
	3
	18
	60

	CF21/2D
	CFD21W
	Compact Fluorescent, 2D, (1) 21W lamp
	Mag-STD
	1
	21
	26

	CF21/2D-L
	CFD21W
	Compact Fluorescent, 2D, (1) 21W lamp
	Electronic
	1
	21
	22

	CF23/1
	CF23W
	Compact Fluorescent, (1) 23W lamp
	Mag-STD
	1
	23
	29

	CF23/1-L
	CF23W
	Compact Fluorescent, (1) 23W lamp
	Electronic
	1
	23
	25

	CF26/3-L
	CF26W
	Compact Fluorescent, (3) 26W lamp
	Electronic
	3
	26
	82

	CF26/4-L
	CF26W
	Compact Fluorescent, (4) 26W lamp
	Electronic
	4
	26
	108

	CF26/6-L
	CF26W
	Compact Fluorescent, (6) 26W lamp
	Electronic
	6
	26
	162

	CF26/8-L
	CF26W
	Compact Fluorescent, (8) 26W lamp
	Electronic
	8
	26
	216

	CF28/2D
	CFD28W
	Compact Fluorescent, 2D, (1) 28W lamp
	Mag-STD
	1
	28
	35

	CF28/2D-L
	CFD28W
	Compact Fluorescent, 2D, (1) 28W lamp
	Electronic
	1
	28
	28
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	Fixture Code
	Lamp Code
	Description
	Ballast
	Lamp/Fixture
	Watt/Lamp
	Watt/Fixture

	CF32/3-L
	CF32W
	Compact Fluorescent, (3) 32W lamp
	Electronic
	3
	32
	114

	CF32/4-L
	CF32W
	Compact Fluorescent, (4) 32W lamp
	Electronic
	4
	32
	152

	CF32/6-L
	CF32W
	Compact Fluorescent, (6) 32W lamp
	Electronic
	6
	32
	228

	CF32/8-L
	CF32W
	Compact Fluorescent, (8) 32W lamp
	Electronic
	8
	32
	304

	CF38/2D
	CFD38W
	Compact Fluorescent, 2D, (1) 38W lamp
	Mag-STD
	1
	38
	46

	CF38/2D-L
	CFD38W
	Compact Fluorescent, 2D, (1) 38W lamp
	Electronic
	1
	38
	36

	CF42/1-L
	CF42W
	Compact Fluorescent, (1) 42W lamp
	Electronic
	1
	42
	48

	CF42/2-L
	CF42W
	Compact Fluorescent, (2) 42W lamp
	Electronic
	2
	42
	100

	CF42/3-L
	CF42W
	Compact Fluorescent, (3) 42W lamp
	Electronic
	3
	42
	141

	CF42/4-L
	CF42W
	Compact Fluorescent, (4) 42W lamp
	Electronic
	4
	42
	188

	CF42/6-L
	CF42W
	Compact Fluorescent, (6) 42W lamp
	Electronic
	6
	42
	282

	CF42/8-L
	CF42W
	Compact Fluorescent, (8) 42W lamp
	Electronic
	8
	42
	376

	CFQ10/1
	CFQ10W
	Compact Fluorescent, quad, (1) 10W lamp
	Mag-STD
	1
	10
	15

	CFQ13/1
	CFQ13W
	Compact Fluorescent, quad, (1) 13W lamp
	Mag-STD
	1
	13
	17

	CFQ13/1-L
	CFQ13W
	Compact Fluorescent, quad, (1) 13W lamp, BF=1.05
	Electronic
	1
	13
	15

	CFQ13/2
	CFQ13W
	Compact Fluorescent, quad, (2) 13W lamp
	Mag-STD
	2
	13
	31

	CFQ13/2-L
	CFQ13W
	Compact Fluorescent, quad, (2) 13W lamp, BF=1.0
	Electronic
	2
	13
	28

	CFQ13/3
	CFQ13W
	Compact Fluorescent, quad, (3) 13W lamp
	Mag-STD
	3
	13
	48

	CFQ15/1
	CFQ15W
	Compact Fluorescent, quad, (1) 15W lamp
	Mag-STD
	1
	15
	20

	CFQ17/1
	CFQ17W
	Compact Fluorescent, quad, (1) 17W lamp
	Mag-STD
	1
	17
	24

	CFQ17/2
	CFQ17W
	Compact Fluorescent, quad, (2) 17W lamp
	Mag-STD
	2
	17
	48


	
	
	




	Fixture Code
	Lamp Code
	Description
	Ballast
	Lamp/Fixture
	Watt/Lamp
	Watt/Fixture

	CFQ18/1
	CFQ18W
	Compact Fluorescent, quad, (1) 18W lamp
	Mag-STD
	1
	18
	26

	CFQ18/1-L
	CFQ18W
	Compact Fluorescent, quad, (1) 18W lamp, BF=1.0
	Electronic
	1
	18
	20

	CFQ18/2
	CFQ18W
	Compact Fluorescent, quad, (2) 18W lamp
	Mag-STD
	2
	18
	45

	CFQ18/2-L
	CFQ18W
	Compact Fluorescent, quad, (2) 18W lamp, BF=1.0
	Electronic
	2
	18
	38

	CFQ18/4
	CFQ18W
	Compact Fluorescent, quad, (4) 18W lamp
	Mag-STD
	2
	18
	90

	CFQ20/1
	CFQ20W
	Compact Fluorescent, quad, (1) 20W lamp
	Mag-STD
	1
	20
	23

	CFQ20/2
	CFQ20W
	Compact Fluorescent, quad, (2) 20W lamp
	Mag-STD
	2
	20
	46

	CFQ22/1
	CFQ22W
	Compact Fluorescent, quad, (1) 22W lamp
	Mag-STD
	1
	22
	24

	CFQ22/2
	CFQ22W
	Compact Fluorescent, quad, (2) 22W lamp
	Mag-STD
	2
	22
	48

	CFQ22/3
	CFQ22W
	Compact Fluorescent, quad, (3) 22W lamp
	Mag-STD
	3
	22
	72

	CFQ25/1
	CFQ25W
	Compact Fluorescent, quad, (1) 25W lamp
	Mag-STD
	1
	25
	33

	CFQ25/2
	CFQ25W
	Compact Fluorescent, quad, (2) 25W lamp
	Mag-STD
	2
	25
	66

	CFQ26/1
	CFQ26W
	Compact Fluorescent, quad, (1) 26W lamp
	Mag-STD
	1
	26
	33

	CFQ26/1-L
	CFQ26W
	Compact Fluorescent, quad, (1) 26W lamp, BF=0.95
	Electronic
	1
	26
	27

	CFQ26/2
	CFQ26W
	Compact Fluorescent, quad, (2) 26W lamp
	Mag-STD
	2
	26
	66

	CFQ26/2-L
	CFQ26W
	Compact Fluorescent, quad, (2) 26W lamp, BF=0.95
	Electronic
	2
	26
	50

	CFQ26/3
	CFQ26W
	Compact Fluorescent, quad, (3) 26W lamp
	Mag-STD
	3
	26
	99

	CFQ26/6-L
	CFQ26W
	Compact Fluorescent, quad, (6) 26W lamp, BF=0.95
	Electronic
	6
	26
	150

	CFQ28/1
	CFQ28W
	Compact Fluorescent, quad, (1) 28W lamp
	Mag-STD
	1
	28
	33

	CFQ9/1
	CFQ9W
	Compact Fluorescent, quad, (1) 9W lamp
	Mag-STD
	1
	9
	14

	CFQ9/2
	CFQ9W
	Compact Fluorescent, quad, (2) 9W lamp
	Mag-STD
	2
	9
	23


	
	
	




	Fixture Code
	Lamp Code
	Description
	Ballast
	Lamp/Fixture
	Watt/Lamp
	Watt/Fixture

	CFS7/1
	CFS7W
	Compact Fluorescent, spiral, (1) 7W lamp
	Electronic
	1
	7
	7

	CFS9/1
	CFS9W
	Compact Fluorescent, spiral, (1) 9W lamp
	Electronic
	1
	9
	9

	CFS11/1
	CFS11W
	Compact Fluorescent, spiral, (1) 11W lamp
	Electronic
	1
	11
	11

	CFS15/1
	CFS15W
	Compact Fluorescent, spiral, (1) 15W lamp
	Electronic
	1
	15
	15

	CFS20/1
	CFS20W
	Compact Fluorescent, spiral, (1) 20W lamp
	Electronic
	1
	20
	20

	CFS23/1
	CFS23W
	Compact Fluorescent, spiral, (1) 23W lamp
	Electronic
	1
	23
	23

	CFS27/1
	CFS27W
	Compact Fluorescent, spiral, (1) 27W lamp
	Electronic
	1
	27
	27

	CFT13/1
	CFT13W
	Compact Fluorescent, twin, (1) 13W lamp
	Mag-STD
	1
	13
	17

	CFT13/2
	CFT13W
	Compact Fluorescent, twin, (2) 13W lamp
	Mag-STD
	2
	13
	31

	CFT13/3
	CFT13W
	Compact Fluorescent, twin, (3) 13 W lamp
	Mag-STD
	3
	13
	48

	CFT18/1
	CFT18W
	Compact Fluorescent, long twin., (1) 18W lamp
	Mag-STD
	1
	18
	24

	CFT22/1
	CFT22W
	Compact Fluorescent, twin, (1) 22W lamp
	Mag-STD
	1
	22
	27

	CFT22/2
	CFT22W
	Compact Fluorescent, twin, (2) 22W lamp
	Mag-STD
	2
	22
	54

	CFT22/4
	CFT22W
	Compact Fluorescent, twin, (4) 22W lamp
	Mag-STD
	4
	22
	108

	CFT24/1
	CFT24W
	Compact Fluorescent, long twin, (1) 24W lamp
	Mag-STD
	1
	24
	32

	CFT28/1
	CFT28W
	Compact Fluorescent, twin, (1) 28W lamp
	Mag-STD
	1
	28
	33

	CFT28/2
	CFT28W
	Compact Fluorescent, twin, (2) 28W lamp
	Mag-STD
	2
	28
	66

	CFT32/1-L
	CFM32W
	Compact Fluorescent, twin or multi, (1) 32W lamp
	Electronic
	1
	32
	34

	CFT32/2-L
	CFM32W
	Compact Fluorescent, twin or multi, (2) 32W lamp
	Electronic
	2
	32
	62

	CFT32/6-L
	CFM32W
	Compact Fluorescent, twin or multi, (2) 32W lamp
	Electronic
	6
	32
	186

	CFT36/1
	CFT36W
	Compact Fluorescent, long twin, (1) 36W lamp
	Mag-STD
	1
	36
	51


	
	
	




	Fixture Code
	Lamp Code
	Description
	Ballast
	Lamp/Fixture
	Watt/Lamp
	Watt/Fixture

	CFT36/4-BX
	CFT36W
	Compact Fluorescent, Biax, (4) 36W lamp
	Electronic
	4
	36
	148

	CFT36/6-BX
	CFT36W
	Compact Fluorescent, Biax, (6) 36W lamp
	Electronic
	6
	36
	212

	CFT36/6-L
	CFT36W
	Compact Fluorescent, long Twin, (6) 36W lamp
	Electronic
	6
	36
	198

	CFT36/6-L
	CFT36W
	Compact Fluorescent, long Twin, (6) 36W lamp/ High Ballast Factor
	Electronic
	6
	36
	210

	CFT36/8-BX
	CFT36W
	Compact Fluorescent, Biax, (8) 36W lamp
	Electronic
	8
	36
	296

	CFT36/8-L
	CFT36W
	Compact Fluorescent, long Twin, (8) 36W lamp
	Electronic
	8
	36
	270

	CFT36/8-L
	CFT36W
	Compact Fluorescent, long Twin, (8) 36W lamp/ High Ballast Factor
	Electronic
	8
	36
	286

	CFT36/9-BX
	CFT36W
	Compact Fluorescent, Biax, (9) 36W lamp
	Electronic
	9
	36
	318

	CFT40/1
	CFT40W
	Compact Fluorescent, twin, (1) 40W lamp
	Mag-STD
	1
	40
	46

	CFT40/12-BX
	CFT40W
	Compact Fluorescent, Biax, (12) 40W lamp
	Electronic
	12
	40
	408

	CFT40/1-BX
	CFT40W
	Compact Fluorescent, Biax, (1) 40W lamp
	Electronic
	1
	40
	46

	CFT40/1-L
	CFT40W
	Compact Fluorescent, long twin, (1) 40W lamp
	Electronic
	1
	40
	43

	CFT40/2
	CFT40W
	Compact Fluorescent, twin, (2) 40W lamp
	Mag-STD
	2
	40
	85

	CFT40/2-BX
	CFT40W
	Compact Fluorescent, Biax, (2) 40W lamp
	Electronic
	2
	40
	72

	CFT40/2-L
	CFT40W
	Compact Fluorescent, long twin, (2) 40W lamp
	Electronic
	2
	40
	72

	CFT40/3
	CFT40W
	Compact Fluorescent, twin, (3) 40 W lamp
	Mag-STD
	3
	40
	133

	CFT40/3-BX
	CFT40W
	Compact Fluorescent, Biax, (3) 40W lamp
	Electronic
	3
	40
	102

	CFT40/3-L
	CFT40W
	Compact Fluorescent, long twin, (3) 40W lamp
	Electronic
	3
	40
	105

	CFT40/4-BX
	CFT40W
	Compact Fluorescent, Biax, (4) 40W lamp
	Electronic
	4
	40
	144

	CFT40/5-BX
	CFT40W
	Compact Fluorescent, Biax, (5) 40W lamp
	Electronic
	5
	40
	190


	
	
	




	Fixture Code
	Lamp Code
	Description
	Ballast
	Lamp/Fixture
	Watt/Lamp
	Watt/Fixture

	CFT40/6-BX
	CFT40W
	Compact Fluorescent, Biax, (6) 40W lamp
	Electronic
	6
	40
	204

	CFT40/6-L
	CFT40W
	Compact Fluorescent, long Twin, (6) 40W lamp
	Electronic
	6
	40
	220

	CFT40/6-L
	CFT40W
	Compact Fluorescent, long Twin, (6) 40W lamp/ High Ballast Factor
	Electronic
	6
	40
	233

	CFT40/8-BX
	CFT40W
	Compact Fluorescent, Biax, (8) 40W lamp
	Electronic
	8
	40
	288

	CFT40/8-L
	CFT40W
	Compact Fluorescent, long Twin, (8) 40W lamp
	Electronic
	8
	40
	300

	CFT40/8-L
	CFT40W
	Compact Fluorescent, long Twin, (8) 40W lamp/ High Ballast Factor
	Electronic
	8
	40
	340

	CFT40/9-BX
	CFT40W
	Compact Fluorescent, Biax, (9) 40W lamp
	Electronic
	9
	40
	306

	CFT5/1
	CFT5W
	Compact Fluorescent, twin, (1) 5W lamp
	Mag-STD
	1
	5
	9

	CFT5/2
	CFT5W
	Compact Fluorescent, twin, (2) 5W lamp
	Mag-STD
	2
	5
	18

	CFT50/12-BX
	CFT50W
	Compact Fluorescent, Biax, (12) 50W lamp
	Electronic
	12
	50
	648

	CFT50/1-BX
	CFT50W
	Compact Fluorescent, Biax, (1) 50W lamp
	Electronic
	1
	50
	54

	CFT50/2-BX
	CFT50W
	Compact Fluorescent, Biax, (2) 50W lamp
	Electronic
	2
	50
	108

	CFT50/3-BX
	CFT50W
	Compact Fluorescent, Biax, (3) 50W lamp
	Electronic
	3
	50
	162

	CFT50/4-BX
	CFT50W
	Compact Fluorescent, Biax, (4) 50W lamp
	Electronic
	4
	50
	216

	CFT50/5-BX
	CFT50W
	Compact Fluorescent, Biax, (5) 50W lamp
	Electronic
	5
	50
	270

	CFT50/6-BX
	CFT50W
	Compact Fluorescent, Biax, (6) 50W lamp
	Electronic
	6
	50
	324

	CFT50/8-BX
	CFT50W
	Compact Fluorescent, Biax, (8) 50W lamp
	Electronic
	8
	50
	432

	CFT50/9-BX
	CFT50W
	Compact Fluorescent, Biax, (9) 50W lamp
	Electronic
	9
	50
	486

	CFT55/12-BX
	CFT55W
	Compact Fluorescent, Biax, (12) 55W lamp
	Electronic
	12
	55
	672

	CFT55/1-BX
	CFT55W
	Compact Fluorescent, Biax, (1) 55W lamp
	Electronic
	1
	55
	56


	
	
	




	Fixture Code
	Lamp Code
	Description
	Ballast
	Lamp/Fixture
	Watt/Lamp
	Watt/Fixture

	CFT55/2-BX
	CFT55W
	Compact Fluorescent, Biax, (2) 55W lamp
	Electronic
	2
	55
	112

	CFT55/3-BX
	CFT55W
	Compact Fluorescent, Biax, (3) 55W lamp
	Electronic
	3
	55
	168

	CFT55/4-BX
	CFT55W
	Compact Fluorescent, Biax, (4) 55W lamp
	Electronic
	4
	55
	224

	CFT55/5-BX
	CFT55W
	Compact Fluorescent, Biax, (5) 55W lamp
	Electronic
	5
	55
	280

	CFT55/6-BX
	CFT55W
	Compact Fluorescent, Biax, (6) 55W lamp
	Electronic
	6
	55
	336

	CFT55/6-L
	CFT55W
	Compact Fluorescent, long Twin, (6) 55W lamp
	Electronic
	6
	55
	352

	CFT55/6-L
	CFT55W
	Compact Fluorescent, long Twin, (6) 55W lamp/ High Ballast Factor
	Electronic
	6
	55
	373

	CFT55/8-BX
	CFT55W
	Compact Fluorescent, Biax, (8) 55W lamp
	Electronic
	8
	55
	448

	CFT55/8-L
	CFT55W
	Compact Fluorescent, long Twin, (8) 55W lamp
	Electronic
	8
	55
	468

	CFT55/8-L
	CFT55W
	Compact Fluorescent, long Twin, (8) 55W lamp/ High Ballast Factor
	Electronic
	8
	55
	496

	CFT55/9-BX
	CFT55W
	Compact Fluorescent, Biax, (9) 55W lamp
	Electronic
	9
	55
	504

	CFT7/1
	CFT7W
	Compact Fluorescent, twin, (1) 7W lamp
	Mag-STD
	1
	7
	10

	CFT7/2
	CFT7W
	Compact Fluorescent, twin, (2) 7W lamp
	Mag-STD
	2
	7
	21

	CFT9/1
	CFT9W
	Compact Fluorescent, twin, (1) 9W lamp
	Mag-STD
	1
	9
	11

	CFT9/2
	CFT9W
	Compact Fluorescent, twin, (2) 9W lamp
	Mag-STD
	2
	9
	23

	CFT9/3
	CFT9W
	Compact Fluorescent, twin, (3) 9W lamp
	Mag-STD
	3
	9
	34

	1.51LS
	F15T8
	Fluorescent, (1) 18" T8 lamp
	Mag-STD
	1
	15
	19

	F1.51SS
	F15T12
	Fluorescent, (1) 18" T12 lamp
	Mag-STD
	1
	15
	19

	F1.52LS
	F15T8
	Fluorescent, (2) 18" T8 lamp
	Mag-STD
	2
	15
	36

	F1.52SS
	F15T12
	Fluorescent, (2) 18", T12 lamp
	Mag-STD
	2
	15
	36




	
	
	




	Fixture Code
	Lamp Code
	Description
	Ballast
	Lamp/Fixture
	Watt/Lamp
	Watt/Fixture

	F21HS
	F24T12/HO
	Fluorescent, (1) 24", HO lamp
	Mag-STD
	1
	35
	62

	F21ILL
	F17T8
	Fluorescent, (1) 24", T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95)
	Electronic
	1
	17
	20

	F21ILL/T2
	F17T8
	Fluorescent, (1) 24", T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95), Tandem 2 Lamp Ballast
	Electronic
	1
	17
	17

	F21ILL/T2-R
	F17T8
	Fluorescent, (1) 24", T-8 lamp, Instant Start Ballast, RLO (BF<.85), Tandem 2 Lamp Ballast
	Electronic
	1
	17
	15

	F21ILL/T3
	F17T8
	Fluorescent, (1) 24", T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95), Tandem 3 Lamp Ballast
	Electronic
	1
	17
	16

	F21ILL/T3-R
	F17T8
	Fluorescent, (1) 24", T-8 lamp, Instant Start Ballast, RLO (BF<.85), Tandem 3 Lamp Ballast
	Electronic
	1
	17
	14

	F21ILL/T4
	F17T8
	Fluorescent, (1) 24", T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95), Tandem 4 Lamp Ballast
	Electronic
	1
	17
	15

	F21ILL/T4-R
	F17T8
	Fluorescent, (1) 24", T-8 lamp, Instant Start Ballast, RLO (BF<.85), Tandem 4 Lamp Ballast
	Electronic
	1
	17
	14

	F21ILX-R
	F17T8
	Fluorescent, (1) 24", T-8 lamp, HE Instant/Program Start Ballast, RLO (BF<0.85)
	Electronic
	1
	17
	15

	F21ILX
	F17T8
	Fluorescent, (1) 24", T-8 lamp, HE Instant/Program Start Ballast, NLO (BF: .85- .95)
	Electronic
	1
	17
	16

	F21LL
	F17T8
	Fluorescent, (1) 24", T-8 lamp, Rapid Start Ballast, NLO (BF: .85-.95)
	Electronic
	1
	17
	16

	F21LL/T2
	F17T8
	Fluorescent, (1) 24", T-8 lamp, Rapid Start Ballast, NLO (BF: .85-.95), Tandem 2 Lamp Ballast
	Electronic
	1
	17
	16

	F21LL/T3
	F17T8
	Fluorescent, (1) 24", T-8 lamp, Rapid Start Ballast, NLO (BF: .85-.95), Tandem 3 Lamp Ballast
	Electronic
	1
	17
	17


	
	
	




	Fixture Code
	Lamp Code
	Description
	Ballast
	Lamp/Fixture
	Watt/Lamp
	Watt/Fixture

	F21LL/T4
	F17T8
	Fluorescent, (1) 24", T-8 lamp, Rapid Start Ballast, NLO (BF: .85-.95), Tandem 4 Lamp Ballast
	Electronic
	1
	17
	17

	F21LL-R
	F17T8
	Fluorescent, (1) 24", T-8 lamp, Rapid Start Ballast, RLO (BF<0.85)
	Electronic
	1
	17
	15

	F21LS
	F17T8
	Fluorescent, (1) 24", T8 lamp, Standard Ballast
	Mag-STD
	1
	17
	24

	F21GL
	F24T5
	Fluorescent, (1) 24", STD T5 lamp
	Electronic
	1
	14
	18

	F21SE
	F20T12
	Fluorescent, (1) 24", STD lamp
	Mag-ES
	1
	20
	26

	F21SS
	F20T12
	Fluorescent, (1) 24", STD lamp
	Mag-STD
	1
	20
	28

	F21GHL
	F24T5/HO
	Fluorescent, (1) 24", STD HO T5 lamp
	Electronic
	1
	24
	29

	F22SHS
	F24T12/HO
	Fluorescent, (2) 24", HO lamp
	Mag-STD
	2
	35
	90

	F22GHL
	F24T5/HO
	Fluorescent, (2) 24", STD HO T5 lamp
	Electronic
	2
	24
	55

	F22ILE
	F17T8
	Fluorescent, (2) 24", T-8 Instant Start lamp, Energy Saving Magnetic Ballast
	Mag-ES
	2
	17
	45

	F22ILL
	F17T8
	Fluorescent, (2) 24", T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95)
	Electronic
	2
	17
	33

	F22ILL/T4
	F17T8
	Fluorescent, (2) 24", T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95), Tandem 4 Lamp Ballast
	Electronic
	2
	17
	31

	F22ILL/T4-R
	F17T8
	Fluorescent, (2) 24", T-8 lamp, Instant Start Ballast, RLO (BF<.85), Tandem 4 Lamp Ballast
	Electronic
	2
	17
	28

	F22ILL-R
	F17T8
	Fluorescent, (2) 24", T-8 lamp, Instant Start Ballast, RLO (BF<0.85)
	Electronic
	2
	17
	29

	F22ILX-R
	F17T8
	Fluorescent, (2) 24", T-8 lamp, HE Instant/Program Start Ballast, RLO (BF<0.85)
	Electronic
	2
	17
	27

	F22ILX
	F17T8
	Fluorescent, (2) 24", T-8 lamp, HE Instant/Program Start
	Electronic
	2
	17
	31


	
	
	




	Fixture Code
	Lamp Code
	Description
	Ballast
	Lamp/
Fixture
	Watt/
Lamp
	Watt/
Fixture

	
	
	Ballast, NLO (BF: .85- .95)
	
	
	
	

	F22LL
	F17T8
	Fluorescent, (2) 24", T-8 lamp, Rapid Start Ballast, NLO (BF: .85-.95)
	Electronic
	2
	17
	31

	F22LL/T4
	F17T8
	Fluorescent, (2) 24", T-8 lamp, Rapid Start Ballast, NLO (BF: .85-.95), Tandem 4 Lamp Ballast
	Electronic
	2
	17
	34

	F22LL-R
	F17T8
	Fluorescent, (2) 24", T-8 lamp, Rapid Start Ballast, RLO (BF<0.85)
	Electronic
	2
	17
	28

	F22GL
	F24T5
	Fluorescent, (2) 24", STD T5 lamp
	Electronic
	2
	14
	35

	F22SE
	F20T12
	Fluorescent, (2) 24", STD lamp
	Mag-ES
	2
	20
	51

	F22SS
	F20T12
	Fluorescent, (2) 24", STD lamp
	Mag-STD
	2
	20
	56

	F23ILL
	F17T8
	Fluorescent, (3) 24", T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95)
	Electronic
	3
	17
	47

	F23ILL-H
	F17T8
	Fluorescent, (3) 24", T-8 lamp, Instant Start Ballast, HLO (BF:.96-1.1)
	Electronic
	3
	17
	49

	F23ILL-R
	F17T8
	Fluorescent, (3) 24", T-8 lamp, Instant Start Ballast, RLO (BF<0.85)
	Electronic
	3
	17
	43

	F23ILX
	F17T8
	Fluorescent, (3) 24", T-8 lamp, HE Instant/Program Start Ballast, NLO (BF: .85- .95)
	Electronic
	3
	17
	45

	F23ILX-R
	F17T8
	Fluorescent, (3) 24", T-8 lamp, HE Instant/Program Start Ballast, RLO (BF<0.85)
	Electronic
	3
	17
	40

	F23LL
	F17T8
	Fluorescent, (3) 24", T-8 lamp, Rapid Start Ballast, NLO (BF: .85-.95)
	Electronic
	3
	17
	52

	F23LL-R
	F17T8
	Fluorescent, (3) 24", T-8 lamp, Rapid Start Ballast, RLO (BF<0.85)
	Electronic
	3
	17
	41


	
	
	




	Fixture Code
	Lamp Code
	Description
	Ballast
	Lamp/
Fixture
	Watt/
Lamp
	Watt/
Fixture

	F23SE
	F20T12
	Fluorescent, (3) 24", STD lamp
	Mag-ES
	3
	20
	77

	F23SS
	F20T12
	Fluorescent, (3) 24", STD lamp
	Mag-STD
	3
	20
	84

	F24ILL
	F17T8
	Fluorescent, (4) 24", T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95)
	Electronic
	4
	17
	61

	F24ILL-R
	F17T8
	Fluorescent, (4) 24", T-8 lamp, Instant Start Ballast, RLO (BF<0.85)
	Electronic
	4
	17
	55

	F24ILX-R
	F17T8
	Fluorescent, (4) 24", T-8 lamp, HE Instant/Program Start Ballast, RLO (BF<0.85)
	Electronic
	4
	17
	53

	F24LL
	F17T8
	Fluorescent, (4) 24", T-8 lamp, Rapid Start Ballast, NLO (BF: .85-.95)
	Electronic
	4
	17
	68

	F24LL-R
	F17T8
	Fluorescent, (4) 24", T-8 lamp, Rapid Start Ballast, RLO (BF<0.85)
	Electronic
	4
	17
	57

	F24SE
	F20T12
	Fluorescent, (4) 24", STD lamp
	Mag-ES
	4
	20
	102

	F24SS
	F20T12
	Fluorescent, (4) 24", STD lamp
	Mag-STD
	4
	20
	112

	F26SE
	F20T12
	Fluorescent, (6) 24", STD lamp
	Mag-ES
	6
	20
	153

	F26SS
	F20T12
	Fluorescent, (6) 24", STD lamp
	Mag-STD
	6
	20
	168

	F31EE
	F30T12/ES
	Fluorescent, (1) 36", ES lamp
	Mag-ES
	1
	25
	38

	F31EE/T2
	F30T12/ES
	Fluorescent, (1) 36", ES lamp, Tandem wired
	Mag-ES
	1
	25
	33

	F31EL
	F30T12/ES
	Fluorescent, (1) 36", ES lamp
	Electronic
	1
	25
	26

	F31ES
	F30T12/ES
	Fluorescent, (1) 36", ES lamp
	Mag-STD
	1
	25
	42

	F31ES/T2
	F30T12/ES
	Fluorescent, (1) 36", ES lamp, Tandem wired
	Mag-STD
	1
	25
	37

	F31ILL
	F25T8
	Fluorescent, (1) 36", T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95)
	Electronic
	1
	25
	26
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	Lamp Code
	Description
	Ballast
	Lamp/
Fixture
	Watt/
Lamp
	Watt/
Fixture

	F31ILL/T2
	F25T8
	Fluorescent, (1) 36", T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95), Tandem 2 Lamp Ballast
	Electronic
	1
	25
	23

	F31ILL/T2-H
	F25T8
	Fluorescent, (1) 36", T-8 lamp, Instant Start Ballast, HLO (BF: .96-1.1), Tandem 2 Lamp Ballast
	Electronic
	1
	25
	24

	F31ILL/T2-R
	F25T8
	Fluorescent, (1) 36", T-8 lamp, Instant Start Ballast, RLO (BF: .85-.95), Tandem 2 Lamp Ballast
	Electronic
	1
	25
	23

	F31ILL/T3
	F25T8
	Fluorescent, (1) 36", T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95), Tandem 3 Lamp Ballast
	Electronic
	1
	25
	22

	F31ILL/T3-R
	F25T8
	Fluorescent, (1) 36", T-8 lamp, Instant Start Ballast, RLO (BF<.85), Tandem 3 Lamp Ballast
	Electronic
	1
	25
	22

	F31ILL/T4
	F25T8
	Fluorescent, (1) 36", T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95), Tandem 4 Lamp Ballast
	Electronic
	1
	25
	22

	F31ILL/T4-R
	F25T8
	Fluorescent, (1) 36", T-8 lamp, Instant Start Ballast, RLO (BF<.85), Tandem 4 Lamp Ballast
	Electronic
	1
	25
	22

	F31ILL-H
	F25T8
	Fluorescent, (1) 36", T-8 lamp, Instant Start Ballast, HLO (BF:.96-1.1)
	Electronic
	1
	25
	28

	F31ILL-R
	F25T8
	Fluorescent, (1) 36", T-8 lamp, Instant Start Ballast, RLO (BF<0.85)
	Electronic
	1
	25
	27

	F31LL
	F25T8
	Fluorescent, (1) 36", T-8 lamp, Rapid Start Ballast, NLO (BF: .85-.95)
	Electronic
	1
	25
	24

	F31LL/T2
	F25T8
	Fluorescent, (1) 36", T-8 lamp, Rapid Start Ballast, NLO (BF: .85-.95), Tandem 2 Lamp Ballast
	Electronic
	1
	25
	23

	F31LL/T3
	F25T8
	Fluorescent, (1) 36", T-8 lamp, Rapid Start Ballast, NLO (BF: .85-.95), Tandem 3 Lamp Ballast
	Electronic
	1
	25
	24

	F31LL/T4
	F25T8
	Fluorescent, (1) 36", T-8 lamp, Rapid Start Ballast, NLO (BF: .85-.95), Tandem 4 Lamp Ballast
	Electronic
	1
	25
	22


	
	
	




	Fixture Code
	Lamp Code
	Description
	Ballast
	Lamp/
Fixture
	Watt/
Lamp
	Watt/
Fixture

	F31LL-H
	F25T8
	Fluorescent, (1) 36", T-8 lamp, Rapid Start Ballast, HLO (BF:.96-1.1)
	Electronic
	1
	25
	26

	F31LL-R
	F25T8
	Fluorescent, (1) 36", T-8 lamp, Rapid Start Ballast, RLO (BF<0.85)
	Electronic
	1
	25
	23

	F31ILX-R
	F25T8
	Fluorescent, (1) 36", T-8 lamp, HE Instant/Program Start Ballast, RLO (BF<0.85)
	Electronic
	1
	25
	21

	F31SE/T2
	F30T12
	Fluorescent, (1) 36", STD lamp, Tandem wired
	Mag-ES
	1
	30
	37

	F31GHL
	F36T5/HO
	Fluorescent, (1) 36", STD HO T5 lamp
	Electronic
	1
	39
	43

	F31SHS
	F36T12/HO
	Fluorescent, (1) 36", HO lamp
	Mag-STD
	1
	50
	70

	F31SL
	F30T12
	Fluorescent, (1) 36", STD lamp
	Electronic
	1
	30
	31

	F31GL
	F36T5
	Fluorescent, (1) 36", STD T5 lamp
	Electronic
	1
	21
	27

	F31SS
	F30T12
	Fluorescent, (1) 36", STD lamp
	Mag-STD
	1
	30
	46

	F31SS/T2
	F30T12
	Fluorescent, (1) 36", STD lamp, Tandem wired
	Mag-STD
	1
	30
	41

	F32EE
	F30T12/ES
	Fluorescent, (2) 36", ES lamp
	Mag-ES
	2
	25
	66

	F32EL
	F30T12/ES
	Fluorescent, (2) 36", ES lamp
	Electronic
	2
	25
	50

	F32ES
	F30T12/ES
	Fluorescent, (2) 36", ES lamp
	Mag-STD
	2
	25
	73

	F32ILL
	F25T8
	Fluorescent, (2) 36", T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95)
	Electronic
	2
	25
	46

	F32ILL/T4
	F25T8
	Fluorescent, (2) 36", T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95), Tandem 4 Lamp Ballast
	Electronic
	2
	25
	44

	F32ILL/T4-R
	F25T8
	Fluorescent, (2) 36", T-8 lamp, Instant Start Ballast, RLO (BF<.85), Tandem 4 Lamp Ballast
	Electronic
	2
	25
	43

	F32ILL-H
	F25T8
	Fluorescent, (2) 36", T-8 lamp, Instant Start Ballast, HLO
	Electronic
	2
	25
	48


	
	
	




	Fixture Code
	Lamp Code
	Description
	Ballast
	Lamp/
Fixture
	Watt/
Lamp
	Watt/
Fixture

	
	
	(BF:.96-1.1)
	
	
	
	

	F32ILL-R
	F25T8
	Fluorescent, (2) 36", T-8 lamp, Instant Start Ballast, RLO (BF<0.85)
	Electronic
	2
	25
	46

	F32ILX-R
	F25T8
	Fluorescent, (2) 36", T-8 lamp, HE Instant/Program Start Ballast, RLO (BF<0.85)
	Electronic
	2
	25
	39

	F32LE
	F25T8
	Fluorescent, (2) 36", T-8 lamp
	Mag-ES
	2
	25
	65

	F32LL
	F25T8
	Fluorescent, (2) 36", T-8 lamp, Rapid Start Ballast, NLO (BF: .85-.95)
	Electronic
	2
	25
	46

	F32LL/T4
	F25T8
	Fluorescent, (2) 36", T-8 lamp, Rapid Start Ballast, NLO (BF: .85-.95), Tandem 4 Lamp Ballast
	Electronic
	2
	25
	45

	F32LL-H
	F25T8
	Fluorescent, (2) 36", T-8 lamp, Rapid Start Ballast, HLO (BF:.96-1.1)
	Electronic
	2
	25
	50

	F32LL-R
	F25T8
	Fluorescent, (2) 36", T-8 lamp, Rapid Start Ballast, RLO (BF<0.85)
	Electronic
	2
	25
	42

	F32LL-V
	F25T8
	Fluorescent, (2) 36", T-8 lamp, Rapid Start Ballast, VHLO (BF>1.1)
	Electronic
	2
	25
	70

	F32SE
	F30T12
	Fluorescent, (2) 36", STD lamp
	Mag-ES
	2
	30
	74

	F32GHL
	F36T5/HO
	Fluorescent, (1) 36", STD HO T5 lamp
	Electronic
	2
	39
	85

	F32SHS
	F36T12/HO
	Fluorescent, (2) 36", HO, lamp
	Mag-STD
	2
	50
	114

	F32SL
	F30T12
	Fluorescent, (2) 36", STD lamp
	Electronic
	2
	30
	58

	F32GL
	F36T5
	Fluorescent, (1) 36", STD T5 lamp
	Electronic
	2
	21
	52

	F32SS
	F30T12
	Fluorescent, (2) 36", STD lamp
	Mag-STD
	2
	30
	81

	F33ES
	F30T12/ES
	Fluorescent, (3) 36", ES lamp
	Mag-STD
	3
	25
	115


	
	
	




	Fixture Code
	Lamp Code
	Description
	Ballast
	Lamp/
Fixture
	Watt/
Lamp
	Watt/
Fixture

	F33ILL
	F25T8
	Fluorescent, (3) 36", T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95)
	Electronic
	3
	25
	67

	F33ILL-R
	F25T8
	Fluorescent, (3) 36", T-8 lamp, Instant Start Ballast, RLO (BF<0.85)
	Electronic
	3
	25
	66

	F33LL
	F25T8
	Fluorescent, (3) 36", T-8 lamp, Rapid Start Ballast, NLO (BF: .85-.95)
	Electronic
	3
	25
	72

	F33LL-R
	F25T8
	Fluorescent, (3) 36", T-8 lamp, Rapid Start Ballast, RLO (BF<0.85)
	Electronic
	3
	25
	62

	F33SE
	F30T12
	Fluorescent, (3) 36", STD lamp, (1) STD ballast and (1) ES ballast
	Mag-ES
	3
	30
	120

	F33SS
	F30T12
	Fluorescent, (3) 36", STD lamp
	Mag-STD
	3
	30
	127

	F34ILL
	F25T8
	Fluorescent, (4) 36", T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95)
	Electronic
	4
	25
	87

	F34ILL-R
	F25T8
	Fluorescent, (4) 36", T-8 lamp, Instant Start Ballast, RLO (BF<0.85)
	Electronic
	4
	25
	86

	F34LL
	F25T8
	Fluorescent, (4) 36", T-8 lamp, Rapid Start Ballast, NLO (BF: .85-.95)
	Electronic
	4
	25
	89

	F34LL-R
	F25T8
	Fluorescent, (4) 36", T-8 lamp, Rapid Start Ballast, RLO (BF<0.85)
	Electronic
	4
	25
	84

	F34SE
	F30T12
	Fluorescent, (4) 36", STD lamp
	Mag-ES
	4
	30
	148

	F34SL
	F30T12
	Fluorescent, (4) 36", STD lamp
	Electronic
	4
	30
	116

	F34SS
	F30T12
	Fluorescent, (4) 36", STD lamp
	Mag-STD
	4
	30
	162

	F36EE
	F30T12/ES
	Fluorescent, (6) 36", ES lamp
	Mag-ES
	6
	25
	198

	F36ILL-R
	F25T8
	Fluorescent, (6) 36", T-8 lamp, Instant Start Ballast, RLO (BF<.85)
	Electronic
	6
	25
	134


	
	
	




	Fixture Code
	Lamp Code
	Description
	Ballast
	Lamp/
Fixture
	Watt/
Lamp
	Watt/
Fixture

	F36SE
	F30T12
	Fluorescent, (6) 36", STD lamp
	Mag-ES
	6
	30
	238

	F40EE/D1
	None
	Fluorescent, (0) 48" lamp, Completely delamped fixture with (1) hot ballast
	Mag-ES
	0
	0
	4

	F40EE/D2
	None
	Fluorescent, (0) 48" lamp, Completely delamped fixture with (2) hot ballast
	Mag-ES
	0
	0
	8

	F41EE
	F40T12/ES
	Fluorescent, (1) 48", ES lamp
	Mag-ES
	1
	34
	43

	F41EE/D2
	F40T12/ES
	Fluorescent, (1) 48", ES lamp, 2 ballast
	Mag-ES
	1
	34
	43

	F41EE/T2
	F40T12/ES
	Fluorescent, (1) 48", ES lamp, tandem wired, 2-lamp ballast
	Mag-ES
	1
	34
	36

	F41EHS
	F48T12/HO/ES
	Fluorescent, (1) 48", ES HO lamp
	Mag-STD
	1
	55
	80

	F41EIS
	F48T12/ES
	Fluorescent, (1) 48" ES Instant Start lamp. Magnetic ballast
	Mag-STD
	1
	30
	51

	F41EL
	F40T12/ES
	Fluorescent, (1) 48", T12 ES lamp, Electronic Ballast
	Electronic
	1
	34
	32

	F41EL/T2
	F40T12/ES
	Fluorescent, (1) 48", T-12 ES lamp, Rapid Start Ballast, NLO (BF: .85-.95), Tandem 2 Lamp Ballast
	Electronic
	1
	34
	32

	F41ES
	F40T12/ES
	Fluorescent, (1) 48", ES lamp
	Mag-STD
	1
	34
	50

	F41EVS
	F48T12/VHO/ES
	Fluorescent, (1) 48", VHO ES lamp
	Mag-STD
	1
	123
	

	F41IAL
	F25T12
	Fluorescent, (1) 48", F25T12 lamp, Instant Start Ballast
	Electronic
	1
	25
	25

	F41IAL/T2-R
	F25T12
	Fluorescent, (1) 48", F25T12 lamp, Instant Start, Tandem 2-Lamp Ballast, RLO (BF<0.85)
	Electronic
	1
	25
	19

	F41IAL/T3-R
	F25T12
	Fluorescent, (1) 48", F25T12 lamp, Instant Start, Tandem 3-Lamp Ballast, RLO (BF<0.85)
	Electronic
	1
	25
	20

	F41ILL
	F32T8
	Fluorescent, (1) 48", T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95)
	Electronic
	1
	32
	31


	
	
	




	Fixture Code
	Lamp Code
	Description
	Ballast
	Lamp/
Fixture
	Watt/
Lamp
	Watt/
Fixture

	F41SILL
	F30T8
	Fluorescent, (1) 48", Super T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95)
	Electronic
	1
	30
	28

	F41SILL/T2
	F30T8
	Fluorescent, (1) 48", Super T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95), Tandem 2 Lamp Ballast
	Electronic
	1
	30
	27

	F41SILL/T3
	F30T8
	Fluorescent, (1) 48", Super T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95), Tandem 3 Lamp Ballast
	Electronic
	1
	30
	27

	F41SILL/T4
	F30T8
	Fluorescent, (1) 48", Super T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95), Tandem 4 Lamp Ballast
	Electronic
	1
	30
	26

	F41SILL-R
	F30T8
	Fluorescent, (1) 48", Super T-8 lamp, Instant Start Ballast, RLO (BF<0.85)
	Electronic
	1
	30
	25

	F41SILL/T2-R
	F30T8
	Fluorescent, (1) 48", Super T-8 lamp, IS Ballast, RLO (BF<0.85), Tandem 2 Lamp Ballast
	Electronic
	1
	30
	24

	F41SILL/T3-R
	F30T8
	Fluorescent, (1) 48", Super T-8 lamp, IS Ballast, RLO (BF<0.85), Tandem 3 Lamp Ballast
	Electronic
	1
	30
	24

	F41SILL/T4-R
	F30T8
	Fluorescent, (1) 48", Super T-8 lamp, IS Ballast, RLO (BF<0.85), Tandem 4 Lamp Ballast
	Electronic
	1
	30
	23

	F41SILL-H
	F30T8
	Fluorescent, (1) 48", Super T-8 lamp, Instant Start Ballast, HLO (BF:.96-1.1)
	Electronic
	1
	30
	37

	F41SILL/T2-H
	F30T8
	Fluorescent, (1) 48", Super T-8 lamp, Instant Start Ballast, HLO (BF:.96-1.1), Tandem 2 Lamp Ballast
	Electronic
	1
	30
	36

	F41SILL/T3-H
	F30T8
	Fluorescent, (1) 48", Super T-8 lamp, Instant Start Ballast, HLO (BF:.96-1.1), Tandem 3 Lamp Ballast
	Electronic
	1
	30
	36

	F41SSILL
	F28T8
	Fluorescent, (1) 48", Super T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95)
	Electronic
	1
	28
	26

	F41SSILL/T2
	F28T8
	Fluorescent, (1) 48", Super T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95), Tandem 2 Lamp Ballast
	Electronic
	1
	28
	25


	
	
	




	Fixture Code
	Lamp Code
	Description
	Ballast
	Lamp/
Fixture
	Watt/
Lamp
	Watt/
Fixture

	F41SSILL/T3
	F28T8
	Fluorescent, (1) 48", Super T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95), Tandem 3 Lamp Ballast
	Electronic
	1
	28
	25

	F41SSILL/T4
	F28T8
	Fluorescent, (1) 48", Super T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95), Tandem 4 Lamp Ballast
	Electronic
	1
	28
	24

	F41SSILL-R
	F28T8
	Fluorescent, (1) 48", Super T-8 lamp, Instant Start Ballast, RLO (BF<0.85)
	Electronic
	1
	28
	23

	F41SSILL/T2-R
	F28T8
	Fluorescent, (1) 48", Super T-8 lamp, IS Ballast, RLO (BF<0.85), Tandem 2 Lamp Ballast
	Electronic
	1
	28
	22

	F41SSILL/T3-R
	F28T8
	Fluorescent, (1) 48", Super T-8 lamp, IS Ballast, RLO (BF<0.85), Tandem 3 Lamp Ballast
	Electronic
	1
	28
	22

	F41SSILL/T4-R
	F28T8
	Fluorescent, (1) 48", Super T-8 lamp, IS Ballast, RLO (BF<0.85), Tandem 4 Lamp Ballast
	Electronic
	1
	28
	21

	F41SSILL-H
	F28T8
	Fluorescent, (1) 48", Super T-8 lamp, Instant Start Ballast, HLO (BF:.96-1.1)
	Electronic
	1
	28
	33

	F41SSILL/T2-H
	F28T8
	Fluorescent, (1) 48", Super T-8 lamp, Instant Start Ballast, HLO (BF:.96-1.1), Tandem 2 Lamp Ballast
	Electronic
	1
	28
	32

	F41SSILL/T3-H
	F28T8
	Fluorescent, (1) 48", Super T-8 lamp, Instant Start Ballast, HLO (BF:.96-1.1), Tandem 3 Lamp Ballast
	Electronic
	1
	28
	32

	F41ILL/T2
	F32T8
	Fluorescent, (1) 48", T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95), Tandem 2 Lamp Ballast
	Electronic
	1
	32
	30

	F41ILL/T2-H
	F32T8
	Fluorescent, (1) 48", T-8 lamp, Instant Start Ballast, HLO (BF:.96-1.1), Tandem 2 Lamp Ballast
	Electronic
	1
	32
	33

	F41ILL/T2-R
	F32T8
	Fluorescent, (1) 48", T-8 lamp, IS Ballast, RLO (BF<0.85), Tandem 2 Lamp Ballast
	Electronic
	1
	32
	26

	F41ILL/T3
	F32T8
	Fluorescent, (1) 48", T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95), Tandem 3 Lamp Ballast
	Electronic
	1
	32
	30


	
	
	




	Fixture Code
	Lamp Code
	Description
	Ballast
	Lamp/
Fixture
	Watt/
Lamp
	Watt/
Fixture

	F41ILL/T3-H
	F32T8
	Fluorescent, (1) 48", T-8 lamp, Instant Start Ballast, HLO (BF:.96-1.1), Tandem 3 Lamp Ballast
	Electronic
	1
	32
	31

	F41ILL/T3-R
	F32T8
	Fluorescent, (1) 48", T-8 lamp, IS Ballast, RLO (BF<0.85), Tandem 3 Lamp Ballast
	Electronic
	1
	32
	26

	F41ILL/T4
	F32T8
	Fluorescent, (1) 48", T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95), Tandem 4 Lamp Ballast
	Electronic
	1
	32
	28

	F41ILL/T4-R
	F32T8
	Fluorescent, (1) 48", T-8 lamp, IS Ballast, RLO (BF<0.85), Tandem 4 Lamp Ballast
	Electronic
	1
	32
	26

	F41ILL-H
	F32T8
	Fluorescent, (1) 48", T-8 lamp, Instant Start Ballast, HLO (BF:.96-1.1)
	Electronic
	1
	32
	36

	F41ILX-H
	F32T8
	Fluorescent, (1) 48", T-8 lamp, HE Instant/Program Start Ballast, HLO (BF:.96- 1.1)
	Electronic
	1
	32
	35

	F41ILX-R
	F32T8
	Fluorescent, (1) 48", T-8 lamp, HE Instant/Program Start Ballast, RLO (BF<0.85)
	Electronic
	1
	32
	25

	F41LE
	F32T8
	Fluorescent, (1) 48", T-8 lamp
	Mag-ES
	1
	32
	35

	F41LL
	F32T8
	Fluorescent, (1) 48", T-8 lamp, Rapid Start Ballast, NLO (BF: .85-.95)
	Electronic
	1
	32
	32

	F41LL/T2
	F32T8
	Fluorescent, (1) 48", T-8 lamp, Rapid Start Ballast, NLO (BF: .85-.95), Tandem 2 Lamp Ballast
	Electronic
	1
	32
	30

	F41LL/T2-H
	F32T8
	Fluorescent, (1) 48", T-8 lamp, Rapid Start Ballast, HLO (BF:.96-1.1), Tandem 2 Lamp Ballast
	Electronic
	1
	32
	39

	F41LL/T2-R
	F32T8
	Fluorescent, (1) 48", T-8 lamp, Rapid Start Ballast, RLO (BF<0.85), Tandem 2 Lamp Ballast
	Electronic
	1
	32
	27

	F41LL/T3
	F32T8
	Fluorescent, (1) 48", T-8 lamp, Rapid Start Ballast, NLO (BF: .85-.95), Tandem 3 Lamp Ballast
	Electronic
	1
	32
	31


	
	
	




	Fixture Code
	Lamp Code
	Description
	Ballast
	Lamp/
Fixture
	Watt/
Lamp
	Watt/
Fixture

	F41LL/T3-H
	F32T8
	Fluorescent, (1) 48", T-8 lamp, Rapid Start Ballast, HLO (BF:.96-1.1), Tandem 3 Lamp Ballast
	Electronic
	1
	32
	33

	F41LL/T3-R
	F32T8
	Fluorescent, (1) 48", T-8 lamp, Rapid Start Ballast, RLO (BF<0.85), Tandem 3 Lamp Ballast
	Electronic
	1
	32
	25

	F41LL/T4
	F32T8
	Fluorescent, (1) 48", T-8 lamp, Rapid Start Ballast, NLO (BF: .85-.95), Tandem 4 Lamp Ballast
	Electronic
	1
	32
	30

	F41LL/T4-R
	F32T8
	Fluorescent, (1) 48", T-8 lamp, Rapid Start Ballast, RLO (BF<0.85), Tandem 4 Lamp Ballast
	Electronic
	1
	32
	26

	F41LL-H
	F32T8
	Fluorescent, (1) 48", T-8 lamp, Rapid Start Ballast, HLO (BF:.96-1.1)
	Electronic
	1
	32
	39

	F41LL-R
	F32T8
	Fluorescent, (1) 48", T-8 lamp, Rapid Start Ballast, RLO (BF<0.85)
	Electronic
	1
	32
	27

	F41SE
	F40T12
	Fluorescent, (1) 48", STD lamp
	Mag-ES
	1
	40
	50

	F41GHL
	F48T5/HO
	Fluorescent, (1) 48", STD HO T5 lamp
	Electronic
	1
	54
	59

	F41SHS
	F48T12/HO
	Fluorescent, (1) 48", STD HO lamp
	Mag-STD
	1
	60
	85

	F41SIL
	F48T12
	Fluorescent, (1) 48", STD IS lamp, Electronic ballast
	Electronic
	1
	39
	46

	F41SIL/T2
	F48T12
	Fluorescent, (1) 48", STD IS lamp, Electronic ballast, tandem wired
	Electronic
	1
	39
	37

	F41SIS
	F48T12
	Fluorescent, (1) 48", STD IS lamp
	Mag-STD
	1
	39
	60

	F41SIS/T2
	F48T12
	Fluorescent, (1) 48", STD IS lamp, tandem to 2-lamp ballast
	Mag-STD
	1
	39
	52

	F41GL
	F48T5
	Fluorescent, (1) 48", STD T5 lamp
	Electronic
	1
	28
	32

	F41SL/T2
	F40T12
	Fluorescent, (1) 48", T-12 STD lamp, Rapid Start Ballast, NLO (BF: .85-.95), Tandem 2 Lamp Ballast
	Electronic
	1
	40
	36


	
	
	




	Fixture Code
	Lamp Code
	Description
	Ballast
	Lamp/
Fixture
	Watt/
Lamp
	Watt/
Fixture

	F41SS
	F40T12
	Fluorescent, (1) 48", STD lamp
	Mag-STD
	1
	40
	57

	F41SVS
	F48T12/VHO
	Fluorescent, (1) 48", STD VHO lamp
	Mag-STD
	1
	110
	135

	F41TS
	F40T10
	Fluorescent, (1) 48", T-10 lamp
	Mag-STD
	1
	40
	51

	F42EE
	F40T12/ES
	Fluorescent, (2) 48", ES lamp
	Mag-ES
	2
	34
	72

	F42EE/D2
	F40T12/ES
	Fluorescent, (2) 48", ES lamp, 2 Ballasts (delamped)
	Mag-ES
	2
	34
	76

	F42EHS
	F48T12/HO/ES
	Fluorescent, (2) 42", HO lamp (3.5' lamp)
	Mag-STD
	2
	55
	135

	F42EIS
	F48T12/ES
	Fluorescent, (2) 48" ES Instant Start lamp. Magnetic ballast
	Mag-STD
	2
	30
	82

	F42EL
	F40T12/ES
	Fluorescent, (2) 48", T12 ES lamps, Electronic Ballast
	Electronic
	2
	34
	60

	F42ES
	F40T12/ES
	Fluorescent, (2) 48", ES lamp
	Mag-STD
	2
	34
	80

	F42EVS
	F48T12/VHO/ES
	Fluorescent, (2) 48", VHO ES lamp
	Mag-STD
	2
	210
	

	F42IAL/T4-R
	F25T12
	Fluorescent, (2) 48", F25T12 lamp, Instant Start, Tandem 4-Lamp Ballast, RLO (BF<0.85)
	Electronic
	2
	25
	40

	F42IAL-R
	F25T12
	Fluorescent, (2) 48", F25T12 lamp, Instant Start Ballast, RLO (BF<0.85)
	Electronic
	2
	25
	39

	F42ILL
	F32T8
	Fluorescent, (2) 48", T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95)
	Electronic
	2
	32
	59

	F42SILL
	F30T8
	Fluorescent, (2) 48", Super T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95)
	Electronic
	2
	30
	53

	F41SILL/T4
	F30T8
	Fluorescent, (2) 48", Super T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95), Tandem 4 Lamp Ballast
	Electronic
	2
	30
	52

	F42SILL-R
	F30T8
	Fluorescent, (2) 48", Super T-8 lamp, Instant Start Ballast, RLO (BF<0.85)
	Electronic
	2
	30
	47


	
	
	




	Fixture Code
	Lamp Code
	Description
	Ballast
	Lamp/
Fixture
	Watt/
Lamp
	Watt/
Fixture

	F41SILL/T4-R
	F30T8
	Fluorescent, (2) 48", Super T-8 lamp, IS Ballast, RLO (BF<0.85), Tandem 4 Lamp Ballast
	Electronic
	2
	30
	46

	F42SILL-H
	F30T8
	Fluorescent, (2) 48", Super T-8 lamp, Instant Start Ballast, HLO (BF:.96-2.2)
	Electronic
	2
	30
	72

	F42SSILL
	F28T8
	Fluorescent, (2) 48", Super T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95)
	Electronic
	2
	28
	48

	F41SSILL/T4
	F28T8
	Fluorescent, (2) 48", Super T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95), Tandem 4 Lamp Ballast
	Electronic
	2
	28
	47

	F42SSILL-R
	F28T8
	Fluorescent, (2) 48", Super T-8 lamp, Instant Start Ballast, RLO (BF<0.85)
	Electronic
	2
	28
	45

	F41SSILL/T4-R
	F28T8
	Fluorescent, (2) 48", Super T-8 lamp, IS Ballast, RLO (BF<0.85), Tandem 4 Lamp Ballast
	Electronic
	2
	28
	44

	F42SSILL-H
	F28T8
	Fluorescent, (2) 48", Super T-8 lamp, Instant Start Ballast, HLO (BF:.96-2.2)
	Electronic
	2
	28
	67

	F42ILL/T4
	F32T8
	Fluorescent, (2) 48", T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95), Tandem 4 Lamp Ballast
	Electronic
	2
	32
	56

	F42ILL/T4-R
	F32T8
	Fluorescent, (2) 48", T-8 lamp, Instant Start Ballast, RLO (BF<0.85), Tandem 4 Lamp Ballast
	Electronic
	2
	32
	51

	F42ILL-H
	F32T8
	Fluorescent, (2) 48", T-8 lamp, Instant Start Ballast, HLO (BF:.96-1.1)
	Electronic
	2
	32
	65

	F42ILL-R
	F32T8
	Fluorescent, (2) 48", T-8 lamp, Instant Start Ballast, RLO (BF<0.85)
	Electronic
	2
	32
	52

	F42ILL-V
	F32T8
	Fluorescent, (2) 48", T-8 lamp, Instant Start Ballast, VHLO (BF>1.1)
	Electronic
	2
	32
	79

	F42ILX-H
	F32T8
	Fluorescent, (2) 48", T-8 lamp, HE Instant/Program Start Ballast, HLO (BF:.96- 1.1)
	Electronic
	2
	32
	63



	
	
	




	Fixture Code
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	Lamp/
Fixture
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Lamp
	Watt/
Fixture

	F42ILX-R
	F32T8
	Fluorescent, (2) 48", T-8 lamp, HE Instant/Program Start Ballast, RLO (BF<0.85)
	Electronic
	2
	32
	48

	F42ILX-V
	F32T8
	Fluorescent, (2) 48", T-8 lamp, HE Instant/Program Start Ballast, VHLO (BF>1.1)
	Electronic
	2
	32
	74

	F42LE
	F32T8
	Fluorescent, (2) 48", T-8 lamp
	Mag-ES
	2
	32
	71

	F42LL
	F32T8
	Fluorescent, (2) 48", T-8 lamp, Rapid Start Ballast, NLO (BF: .85-.95)
	Electronic
	2
	32
	60

	F42LL/T4
	F32T8
	Fluorescent, (2) 48", T-8 lamp, Rapid Start Ballast, NLO (BF: .85-.95), Tandem 4 Lamp Ballast
	Electronic
	2
	32
	59

	F42LL/T4-R
	F32T8
	Fluorescent, (2) 48", T-8 lamp, Rapid Start Ballast, RLO (BF<0.85), Tandem 4 Lamp Ballast
	Electronic
	2
	32
	53

	F42LL-H
	F32T8
	Fluorescent, (2) 48", T-8 lamp, Rapid Start Ballast, HLO (BF:.96-1.1)
	Electronic
	2
	32
	70

	F42LL-R
	F32T8
	Fluorescent, (2) 48", T-8 lamp, Rapid Start Ballast, RLO (BF<0.85)
	Electronic
	2
	32
	54

	F42LL-V
	F32T8
	Fluorescent, (2) 48", T-8 lamp, Rapid Start Ballast, VHLO (BF>1.1)
	Electronic
	2
	32
	85

	F42SE
	F40T12
	Fluorescent, (2) 48", STD lamp
	Mag-ES
	2
	40
	86

	F42GHL
	F48T5/HO
	Fluorescent, (2) 48", STD HO T5 lamp
	Electronic
	2
	54
	117

	F42SHS
	F48T12/HO
	Fluorescent, (2) 48", STD HO lamp
	Mag-STD
	2
	60
	145

	F42SIL
	F48T12
	Fluorescent, (2) 48", STD IS lamp, Electronic ballast
	Electronic
	2
	39
	74

	F42SIS
	F48T12
	Fluorescent, (2) 48", STD IS lamp
	Mag-STD
	2
	39
	103

	F42GL
	F48T5
	Fluorescent, (2) 48", STD T5 lamp
	Electronic
	2
	28
	63

	F42SS
	F40T12
	Fluorescent, (2) 48", STD lamp
	Mag-STD
	2
	40
	94


	
	
	




	Fixture Code
	Lamp Code
	Description
	Ballast
	Lamp/
Fixture
	Watt/
Lamp
	Watt/
Fixture

	F42SVS
	F48T12/VHO
	Fluorescent, (2) 48", STD VHO lamp
	Mag-STD
	2
	110
	242

	F43EE
	F40T12/ES
	Fluorescent, (3) 48", ES lamp
	Mag-ES
	3
	34
	115

	F43EHS
	F48T12/HO/ES
	Fluorescent, (3) 48", ES HO lamp (3.5' lamp)
	Mag-STD
	3
	55
	215

	F43EIS
	F48T12/ES
	Fluorescent, (3) 48" ES Instant Start lamp. Magnetic ballast
	Mag-STD
	3
	30
	133

	F43EL
	F40T12/ES
	Fluorescent, (3) 48", T12 ES lamps, Electronic Ballast
	Electronic
	3
	34
	92

	F43ES
	F40T12/ES
	Fluorescent, (3) 48", ES lamp
	Mag-STD
	3
	34
	130

	F43EVS
	F48T12/VHO/ES
	Fluorescent, (3) 48", VHO ES lamp
	Mag-STD
	3
	333
	

	F43IAL-R
	F25T12
	Fluorescent, (3) 48", F25T12 lamp, Instant Start Ballast, RLO (BF<0.85)
	Electronic
	3
	25
	60

	F43ILL
	F32T8
	Fluorescent, (3) 48", T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95)
	Electronic
	3
	32
	89

	F43SILL
	F30T8
	Fluorescent, (3) 48", Super T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95)
	Electronic
	3
	30
	78

	F43SILL-R
	F30T8
	Fluorescent, (3) 48", Super T-8 lamp, Instant Start Ballast, RLO (BF<0.85)
	Electronic
	3
	30
	70

	F43SILL-H
	F30T8
	Fluorescent, (3) 48", Super T-8 lamp, Instant Start Ballast, HLO (BF:.96-3.3)
	Electronic
	3
	30
	105

	F43SSILL
	F28T8
	Fluorescent, (3) 48", Super T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95)
	Electronic
	3
	28
	72

	F43SSILL-R
	F28T8
	Fluorescent, (3) 48", Super T-8 lamp, Instant Start Ballast, RLO (BF<0.85)
	Electronic
	3
	28
	66

	F43SSILL-H
	F28T8
	Fluorescent, (3) 48", Super T-8 lamp, Instant Start Ballast, HLO (BF:.96-3.3)
	Electronic
	3
	28
	98


	
	
	




	Fixture Code
	Lamp Code
	Description
	Ballast
	Lamp/
Fixture
	Watt/
Lamp
	Watt/
Fixture

	F43ILL/2
	F32T8
	Fluorescent, (3) 48", T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95), (2) ballast
	Electronic
	3
	32
	90

	F43ILL-H
	F32T8
	Fluorescent, (3) 48", T-8 lamp, Instant Start Ballast, HLO (BF:.96-1.1)
	Electronic
	3
	32
	93

	F43ILL-R
	F32T8
	Fluorescent, (3) 48", T-8 lamp, Instant Start Ballast, RLO (BF<0.85)
	Electronic
	3
	32
	78

	F43ILL-V
	F32T8
	Fluorescent, (3) 48", T-8 lamp, Instant Start Ballast, VHLO (BF>1.1)
	Electronic
	3
	32
	112

	F43ILX-H
	F32T8
	Fluorescent, (3) 48", T-8 lamp, HE Instant/Program Start Ballast, HLO (BF:.96- 1.1)
	Electronic
	3
	32
	90

	F43ILX-R
	F32T8
	Fluorescent, (3) 48", T-8 lamp, HE Instant/Program Start Ballast, RLO (BF<0.85)
	Electronic
	3
	32
	73

	F43ILX-R/2
	F32T8
	Fluorescent, (3) 48", T-8 lamp, HE Instant/Program Start Ballast, RLO (BF<0.85), (2) ballast
	Electronic
	3
	32
	73

	F43LE
	F32T8
	Fluorescent, (3) 48", T-8 lamp
	Mag-ES
	3
	32
	110

	F43LL
	F32T8
	Fluorescent, (3) 48", T-8 lamp, Rapid Start Ballast, NLO (BF: .85-.95)
	Electronic
	3
	32
	93

	F43LL/2
	F32T8
	Fluorescent, (3) 48", T-8 lamp, Rapid Start Ballast, NLO (BF: .85-.95), (2) ballast
	Electronic
	3
	32
	92

	F43LL-H
	F32T8
	Fluorescent, (3) 48", T-8 lamp, Rapid Start Ballast, HLO (BF:.96-1.1)
	Electronic
	3
	32
	98

	F43LL-R
	F32T8
	Fluorescent, (3) 48", T-8 lamp, Rapid Start Ballast, RLO (BF<0.85)
	Electronic
	3
	32
	76

	F43SE
	F40T12
	Fluorescent, (3) 48", STD lamp
	Mag-ES
	3
	40
	136

	F43GHL
	F48T5/HO
	Fluorescent, (3) 48", STD HO T5 lamp
	Electronic
	3
	54
	177


	
	
	




	Fixture Code
	Lamp Code
	Description
	Ballast
	Lamp/
Fixture
	Watt/
Lamp
	Watt/
Fixture

	F43SHS
	F48T12/HO
	Fluorescent, (3) 48", STD HO lamp
	Mag-STD
	3
	60
	230

	F43SIL
	F40T12
	Fluorescent, (3) 48", STD IS lamp, Electronic ballast
	Electronic
	3
	39
	120

	F43SIS
	F48T12
	Fluorescent, (3) 48", STD IS lamp
	Mag-STD
	3
	39
	162

	F43SS
	F40T12
	Fluorescent, (3) 48", STD lamp
	Mag-STD
	3
	40
	151

	F43SVS
	F48T12/VHO
	Fluorescent, (3) 48", STD VHO lamp
	Mag-STD
	3
	110
	377

	F44EE
	F40T12/ES
	Fluorescent, (4) 48", ES lamp
	Mag-ES
	4
	34
	144

	F44EE/D4
	F40T12/ES
	Fluorescent, (4) 48", ES lamp, 4 Ballasts (delamped)
	Mag-ES
	4
	34
	152

	F44EHS
	F48T12/HO/ES
	Fluorescent, (4) 48", ES HO lamp
	Mag-STD
	4
	55
	270

	F44EIS
	F48T12/ES
	Fluorescent, (4) 48" ES Instant Start lamp, Magnetic ballast
	Mag-STD
	4
	30
	164

	F44EL
	F40T12/ES
	Fluorescent, (4) 48", T12 ES lamp, Electronic Ballast
	Electronic
	4
	34
	120

	F44ES
	F40T12/ES
	Fluorescent, (4) 48", ES lamp
	Mag-STD
	4
	34
	160

	F44EVS
	F48T12/VHO/ES
	Fluorescent, (4) 48", VHO ES lamp
	Mag-STD
	4
	420
	

	F44IAL-R
	F25T12
	Fluorescent, (4) 48", F25T12 lamp, Instant Start Ballast, RLO (BF<0.85)
	Electronic
	4
	25
	80

	F44ILL
	F32T8
	Fluorescent, (4) 48", T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95)
	Electronic
	4
	32
	112

	F44SILL
	F30T8
	Fluorescent, (4) 48", Super T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95)
	Electronic
	4
	30
	105

	F44SILL-R
	F30T8
	Fluorescent, (4) 48", Super T-8 lamp, Instant Start Ballast, RLO (BF<0.85)
	Electronic
	4
	30
	91

	F44SILL-H
	F30T8
	Fluorescent, (4) 48", Super T-8 lamp, Instant Start Ballast, HLO (BF:.96-4.4)
	Electronic
	4
	30
	140


	
	
	




	Fixture Code
	Lamp Code
	Description
	Ballast
	Lamp/
Fixture
	Watt/
Lamp
	Watt/
Fixture

	F44SSILL
	F28T8
	Fluorescent, (4) 48", Super T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95)
	Electronic
	4
	28
	96

	F44SSILL-R
	F28T8
	Fluorescent, (4) 48", Super T-8 lamp, Instant Start Ballast, RLO (BF<0.85)
	Electronic
	4
	28
	86

	F44SSILL-H
	F28T8
	Fluorescent, (4) 48", Super T-8 lamp, Instant Start Ballast, HLO (BF:.96-4.4)
	Electronic
	4
	28
	131

	F44ILL/2
	F32T8
	Fluorescent, (4) 48", T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95), (2) ballast
	Electronic
	4
	32
	118

	F44ILL-R
	F32T8
	Fluorescent, (4) 48", T-8 lamp, Instant Start Ballast, RLO (BF<0.85)
	Electronic
	4
	32
	102

	F44ILX-R
	F32T8
	Fluorescent, (4) 48", T-8 lamp, HE Instant/Program Start Ballast, RLO (BF<0.85)
	Electronic
	4
	32
	96

	F44ILX-R/2
	F32T8
	Fluorescent, (4) 48", T-8 lamp, HE Instant/Program Start Ballast, RLO (BF<0.85), (2) ballast
	Electronic
	4
	32
	96

	F44LE
	F32T8
	Fluorescent, (4) 48", T-8 lamp
	Mag-ES
	4
	32
	142

	F44LL
	F32T8
	Fluorescent, (4) 48", T-8 lamp, Rapid Start Ballast, NLO (BF: .85-.95)
	Electronic
	4
	32
	118

	F44LL/2
	F32T8
	Fluorescent, (4) 48", T-8 lamp, Rapid Start Ballast, NLO (BF: .85-.95), (2) ballast
	Electronic
	4
	32
	120

	F44LL-R
	F32T8
	Fluorescent, (4) 48", T-8 lamp, Rapid Start Ballast, RLO (BF<0.85)
	Electronic
	4
	32
	105

	F44SE
	F40T12
	Fluorescent, (4) 48", STD lamp
	Mag-ES
	4
	40
	172

	F44GHL
	F48T5/HO
	Fluorescent, (4) 48", STD HO T5 lamp
	Electronic
	4
	54
	234

	F44SHS
	F48T12/HO
	Fluorescent, (4) 48", STD HO lamp
	Mag-STD
	4
	60
	290

	F44SIL
	F48T12
	Fluorescent, (4) 48", STD IS lamp, Electronic ballast
	Electronic
	4
	39
	148


	
	
	




	Fixture Code
	Lamp Code
	Description
	Ballast
	Lamp/
Fixture
	Watt/
Lamp
	Watt/
Fixture

	F44SIS
	F48T12
	Fluorescent, (4) 48", STD IS lamp
	Mag-STD
	4
	39
	204

	F44SS
	F40T12
	Fluorescent, (4) 48", STD lamp
	Mag-STD
	4
	40
	188

	F44SVS
	F48T12/VHO
	Fluorescent, (4) 48", STD VHO lamp
	Mag-STD
	4
	110
	484

	F45ILL
	F32T8
	Fluorescent, (5) 48", T-8 lamp, (1) 3-lamp IS ballast and
(1) 2-lamp IS ballast, NLO (BF: .85-.95)
	Electronic
	5
	32
	148

	F45GHL
	F48T5/HO
	Fluorescent, (5) 48", STD HO T5 lamp
	Electronic
	5
	54
	294

	F46EE
	F40T12/ES
	Fluorescent, (6) 48", ES lamp
	Mag-ES
	6
	34
	216

	F46EL
	F40T12/ES
	Fluorescent, (6) 48", ES lamp
	Electronic
	6
	34
	186

	F46ES
	F40T12/ES
	Fluorescent, (6) 48", ES lamp
	Mag-STD
	6
	34
	236

	F46ILL
	F32T8
	Fluorescent, (6) 48", T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95)
	Electronic
	6
	32
	175

	F46ILL-R
	F32T8
	Fluorescent, (6) 48", T-8 lamp, Instant Start Ballast, RLO (BF< .85)
	Electronic
	6
	32
	156

	F46ILX-R
	F32T8
	Fluorescent, (6) 48", T-8 lamp, HE Instant/Program Start Ballast, RLO (BF< .85)
	Electronic
	6
	32
	146

	F46LL
	F32T8
	Fluorescent, (6) 48", T-8 lamp, NLO (BF: .85- .95)
	Electronic
	6
	32
	182

	F46GHL
	F48T5/HO
	Fluorescent, (6) 48", STD HO T5 lamp
	Electronic
	6
	54
	351

	F46SE
	F40T12
	Fluorescent, (6) 48", STD lamp
	Mag-ES
	6
	40
	258

	F46SS
	F40T12
	Fluorescent, (6) 48", STD lamp
	Mag-STD
	6
	40
	282

	F48EE
	F40T12/ES
	Fluorescent, (8) 48", ES lamp
	Mag-ES
	8
	34
	288

	F48ILL
	F32T8
	Fluorescent, (8) 48", T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95)
	Electronic
	8
	32
	224

	F48ILL-R
	F32T8
	Fluorescent, (8) 48", T-8 lamp, Instant Start Ballast, RLO
	Electronic
	8
	32
	204


	
	
	




	Fixture Code
	Lamp Code
	Description
	Ballast
	Lamp/Fixture
	Watt/Lamp
	Watt/Fixture

	
	
	(BF<0.85)
	
	
	
	

	F48ILX-R
	F32T8
	Fluorescent, (8) 48", T-8 lamp, HE Instant/Program Start Ballast, RLO (BF<0.85)
	Electronic
	8
	32
	192

	F48GHL
	F48T5/HO
	Fluorescent, (8) 48", STD HO T5 lamp
	Electronic
	8
	54
	468

	F51ILHL
	F60T12/HO
	Fluorescent, (1) 60", T-8 HO lamp, Instant Start Ballast
	Electronic
	1
	55
	59

	F51ILL
	F40T8
	Fluorescent, (1) 60", T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95)
	Electronic
	1
	40
	36

	F51ILL/T2
	F40T8
	Fluorescent, (1) 60", T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95), Tandem 2 Lamp Ballast
	Electronic
	1
	40
	36

	F51ILL/T3
	F40T8
	Fluorescent, (1) 60", T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95), Tandem 3 Lamp Ballast
	Electronic
	1
	40
	35

	F51ILL/T4
	F40T8
	Fluorescent, (1) 60", T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95), Tandem 4 Lamp Ballast
	Electronic
	1
	40
	34

	F51ILL-R
	F40T8
	Fluorescent, (1) 60", T-8 lamp, Instant Start Ballast, RLO (BF<0.85)
	Electronic
	1
	40
	43

	F51SHE
	F60T12/HO
	Fluorescent, (1) 60", STD HO lamp
	Mag-ES
	1
	75
	88

	F51SHL
	F60T12/HO
	Fluorescent, (1) 60", STD HO lamp
	Electronic
	1
	75
	69

	F51GHL
	F60T5/HO
	Fluorescent, (1) 60", STD HO T5 lamp
	Electronic
	1
	80
	89

	F51SHS
	F60T12/HO
	Fluorescent, (1) 60", STD HO lamp
	Mag-STD
	1
	75
	92

	F51SL
	F60T12
	Fluorescent, (1) 60", STD lamp
	Electronic
	1
	50
	44

	F51GL
	F60T5
	Fluorescent, (1) 60", STD T5 lamp
	Electronic
	1
	35
	39

	F51SS
	F60T12
	Fluorescent, (1) 60", STD lamp
	Mag-STD
	1
	50
	63

	F51SVS
	F60T12/VHO
	Fluorescent, (1) 60", VHO ES lamp
	Mag-STD
	1
	135
	165


	
	
	




	Fixture Code
	Lamp Code
	Description
	Ballast
	Lamp/
Fixture
	Watt/
Lamp
	Watt/
Fixture

	F52ILHL
	F60T12/HO
	Fluorescent, (2) 60", T-8 HO lamp, Instant Start Ballast
	Electronic
	2
	55
	123

	F52ILL
	F40T8
	Fluorescent, (2) 60", T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95)
	Electronic
	2
	40
	72

	F52ILL/T4
	F40T8
	Fluorescent, (2) 60", T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95), Tandem 2 Lamp Ballast
	Electronic
	2
	40
	67

	F52ILL-H
	F40T8
	Fluorescent, (2) 60", T-8 lamp, Instant Start Ballast, HLO (BF:.96-1.1)
	Electronic
	2
	40
	80

	F52ILL-R
	F40T8
	Fluorescent, (2) 60", T-8 lamp, Instant Start Ballast, RLO (BF<0.85)
	Electronic
	2
	40
	73

	F52SHE
	F60T12/HO
	Fluorescent, (2) 60", STD HO lamp
	Mag-ES
	2
	75
	176

	F52SHL
	F60T12/HO
	Fluorescent, (2) 60", STD HO lamp
	Electronic
	2
	75
	138

	F52GHL
	F60T5/HO
	Fluorescent, (2) 60", STD HO T5 lamp
	Electronic
	2
	49
	106

	F52SHS
	F60T12/HO
	Fluorescent, (2) 60", STD HO lamp
	Mag-STD
	2
	75
	168

	F52SL
	F60T12
	Fluorescent, (2) 60", STD lamp
	Electronic
	2
	50
	88

	F52GL
	F60T5
	Fluorescent, (2) 60", STD T5 lamp
	Electronic
	2
	35
	76

	F52SS
	F60T12
	Fluorescent, (2) 60", STD lamp
	Mag-STD
	2
	50
	128

	F52SVS
	F60T12/VHO
	Fluorescent, (2) 60", VHO ES lamp
	Mag-STD
	2
	135
	310

	F53ILL
	F40T8
	Fluorescent, (3) 60", T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95)
	Electronic
	3
	40
	106

	F53ILL-H
	F40T8
	Fluorescent, (3) 60", T-8 lamp, Instant Start Ballast, HLO (BF:.96-1.1)
	Electronic
	3
	40
	108

	F54ILL
	F40T8
	Fluorescent, (4) 60", T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95)
	Electronic
	4
	40
	134


	
	
	




	Fixture Code
	Lamp Code
	Description
	Ballast
	Lamp/Fixture
	Watt/Lamp
	Watt/Fixture

	F54ILL-H
	F40T8
	Fluorescent, (4) 60", T-8 lamp, Instant Start Ballast, HLO (BF:.96-1.1)
	Electronic
	4
	40
	126

	F61ISL
	F72T12
	Fluorescent, (1) 72", STD lamp, IS electronic ballast
	Electronic
	1
	55
	68

	F61SE
	F72T12
	Fluorescent, (1) 72", STD lamp
	Mag-ES
	1
	55
	76

	F61SHS
	F72T12/HO
	Fluorescent, (1) 72", STD HO lamp
	Mag-STD
	1
	85
	120

	F61SS
	F72T12
	Fluorescent, (1) 72", STD lamp
	Mag-STD
	1
	55
	90

	F61SVS
	F72T12/VHO
	Fluorescent, (1) 72", VHO lamp
	Mag-STD
	1
	160
	180

	F62ILHL
	F72T8
	Fluorescent, (2) 72", T-8 HO lamp, Instant Start Ballast
	Electronic
	2
	65
	147

	F62ISL
	F72T12
	Fluorescent, (2) 72", STD lamp, IS electronic ballast
	Electronic
	2
	55
	108

	F62SE
	F72T12
	Fluorescent, (2) 72", STD lamp
	Mag-ES
	2
	55
	122

	F62SHE
	F72T12/HO
	Fluorescent, (2) 72", STD HO lamp
	Mag-ES
	2
	85
	194

	F62SHS
	F72T12/HO
	Fluorescent, (2) 72", STD HO lamp
	Mag-STD
	2
	85
	220

	F62SL
	F72T12
	Fluorescent, (2) 72", STD lamp
	Electronic
	2
	55
	108

	F62SS
	F72T12
	Fluorescent, (2) 72", STD lamp
	Mag-STD
	2
	55
	145

	F62SVS
	F72T12/VHO
	Fluorescent, (2) 72", VHO lamp
	Mag-STD
	2
	160
	330

	F63ISL
	F72T12
	Fluorescent, (3) 72", STD lamp, IS electronic ballast
	Electronic
	3
	55
	176

	F63SS
	F72T12
	Fluorescent, (3) 72", STD lamp
	Mag-STD
	3
	55
	202

	F64ISL
	F72T12
	Fluorescent, (4) 72", STD lamp, IS electronic ballast
	Electronic
	4
	55
	216

	F64SE
	F72T12
	Fluorescent, (4) 72", STD lamp
	Mag-ES
	4
	55
	230

	F64SHE
	F72T12/HO
	Fluorescent, (4) 72", STD HO lamp
	Mag-ES
	4
	85
	388

	F64SS
	F72T12
	Fluorescent, (4) 72", STD lamp
	Mag-STD
	4
	55
	244


	
	
	




	Fixture Code
	Lamp Code
	Description
	Ballast
	Lamp/
Fixture
	Watt/
Lamp
	Watt/
Fixture

	F81EE/T2
	F96T12/ES
	Fluorescent, (1) 96", ES lamp, tandem to 2- lamp ballast
	Mag-ES
	1
	60
	62

	F81EHL
	F96T12/HO/ES
	Fluorescent, (1) 96", ES HO lamp
	Electronic
	1
	95
	80

	F81EHL/T2
	F96T12/HO/ES
	Fluorescent, (1) 96", ES HO lamp, Rapid Start Ballast, NLO (BF: .85-.95), Tandem 2 Lamp Ballast
	Electronic
	1
	95
	85

	F81EHS
	F96T12/HO/ES
	Fluorescent, (1) 96", ES HO lamp
	Mag-STD
	1
	95
	125

	F81EL
	F96T12/ES
	Fluorescent, (1) 96", ES lamp
	Electronic
	1
	60
	60

	F81EL/T2
	F96T12/ES
	Fluorescent, (1) 96", ES lamp, Rapid Start Ballast, NLO (BF: .85-.95), Tandem 2 Lamp Ballast
	Electronic
	1
	60
	55

	F81ES
	F96T12/ES
	Fluorescent, (1) 96", ES lamp
	Mag-STD
	1
	60
	83

	F81ES/T2
	F96T12/ES
	Fluorescent, (1) 96", ES lamp, tandem to 2- lamp ballast
	Mag-STD
	1
	60
	64

	F81EVS
	F96T12/VHO/ES
	Fluorescent, (1) 96", ES VHO lamp
	Mag-STD
	1
	185
	200

	F81ILL
	F96T8
	Fluorescent, (1) 96", T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95)
	Electronic
	1
	59
	58

	F81ILL/T2
	F96T8
	Fluorescent, (1) 96", T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95), Tandem 2 Lamp Ballast
	Electronic
	1
	59
	55

	F81ILL/T2-R
	F96T8
	Fluorescent, (1) 96", T-8 lamp, Instant Start Ballast, RLO (BF<.85), Tandem 2 Lamp Ballast
	Electronic
	1
	59
	49

	F81ILL-H
	F96T8
	Fluorescent, (1) 96", T-8 lamp, Instant Start Ballast, HLO (BF:.96-1.1)
	Electronic
	1
	59
	68

	F81ILL-R
	F96T8
	Fluorescent, (1) 96", T-8 lamp, Instant Start Ballast, RLO (BF<0.85)
	Electronic
	1
	59
	57

	F81ILL-V
	F96T8
	Fluorescent, (1) 96", T-8 lamp, Instant Start Ballast, VHLO (BF>1.1)
	Electronic
	1
	59
	71

	F81LHL
	F96T8/HO
	Fluorescent, (1) 96", T8 HO lamp
	Electronic
	1
	86
	85


	
	
	




	Fixture Code
	Lamp Code
	Description
	Ballast
	Lamp/
Fixture
	Watt/
Lamp
	Watt/
Fixture

	F81LHL/T2
	F96T8/HO
	Fluorescent, (1) 96", T8 HO lamp, tandem wired to 2- lamp ballast
	Electronic
	1
	86
	80

	F81SE
	F96T12
	Fluorescent, (1) 96", STD lamp
	Mag-ES
	1
	75
	91

	F81EHS
	F96T12/HO
	Fluorescent, (1) 96", ES HO lamp
	Mag-STD
	1
	95
	125

	F81SHE
	F96T12/HO
	Fluorescent, (1) 96", STD HO lamp
	Mag-ES
	1
	110
	132

	F81SHL/T2
	F96T12/HO
	Fluorescent, (1) 96", STD HO lamp, Rapid Start Ballast, NLO (BF: .85-.95), Tandem 2 Lamp Ballast
	Electronic
	1
	110
	98

	F81SHS
	F96T12/HO
	Fluorescent, (1) 96", STD HO lamp
	Mag-STD
	1
	110
	145

	F81SL
	F96T12
	Fluorescent, (1) 96", STD lamp, Instant Start Ballast, NLO (BF: .85-.95)
	Electronic
	1
	75
	70

	F81SL/T2
	F96T12
	Fluorescent, (1) 96", STD lamp, Rapid Start Ballast, NLO (BF: .85-.95), Tandem 2 Lamp Ballast
	Electronic
	1
	75
	67

	F81SS
	F96T12
	Fluorescent, (1) 96", STD lamp
	Mag-STD
	1
	75
	100

	F81SVS
	F96T12/VHO
	Fluorescent, (1) 96", STD VHO lamp
	Mag-STD
	1
	215
	230

	F82EE
	F96T12/ES
	Fluorescent, (2) 96", ES lamp
	Mag-ES
	2
	60
	123

	F82EHE
	F96T12/HO/ES
	Fluorescent, (2) 96", ES HO lamp
	Mag-ES
	2
	95
	207

	F82EHL
	F96T12/HO/ES
	Fluorescent, (2) 96", ES HO lamp
	Electronic
	2
	95
	170

	F82EHS
	F96T12/HO/ES
	Fluorescent, (2) 96", ES HO lamp
	Mag-STD
	2
	95
	227

	F82EL
	F96T12/ES
	Fluorescent, (2) 96", ES lamp
	Electronic
	2
	60
	110

	F82ES
	F96T12/ES
	Fluorescent, (2) 96", ES lamp
	Mag-STD
	2
	60
	138

	F82EVS
	F96T12/VHO/ES
	Fluorescent, (2) 96", ES VHO lamp
	Mag-STD
	2
	185
	390

	F82ILL
	F96T8
	Fluorescent, (2) 96", T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95)
	Electronic
	2
	59
	109


	
	
	




	Fixture Code
	Lamp Code
	Description
	Ballast
	Lamp/
Fixture
	Watt/
Lamp
	Watt/
Fixture

	F82ILL-R
	F96T8
	Fluorescent, (2) 96", T-8 lamp, Instant Start Ballast, RLO (BF<0.85)
	Electronic
	2
	59
	98

	F82LHL
	F96T8/HO
	Fluorescent, (2) 96", T8 HO lamp
	Electronic
	2
	86
	160

	F82SE
	F96T12
	Fluorescent, (2) 96", STD lamp
	Mag-ES
	2
	75
	158

	F82SHE
	F96T12/HO
	Fluorescent, (2) 96", STD HO lamp
	Mag-ES
	2
	110
	237

	F82SHL
	F96T12/HO
	Fluorescent, (2) 96", STD HO lamp
	Electronic
	2
	110
	195

	F82SHS
	F96T12/HO
	Fluorescent, (2) 96", STD HO lamp
	Mag-STD
	2
	110
	257

	F82SL
	F96T12
	Fluorescent, (2) 96", STD lamp, Instant Start Ballast, NLO (BF: .85-.95)
	Electronic
	2
	75
	134

	F82SS
	F96T12
	Fluorescent, (2) 96", STD lamp
	Mag-STD
	2
	75
	173

	F82SVS
	F96T12/VHO
	Fluorescent, (2) 96", STD VHO lamp
	Mag-STD
	2
	215
	450

	F83EE
	F96T12/ES
	Fluorescent, (3) 96", ES lamp
	Mag-ES
	3
	60
	210

	F83EHE
	F96T12/HO/ES
	Fluorescent, (3) 96", ES HO lamp, (1) 2-lamp ES Ballast,
(1) 1-lamp STD Ballast
	Mag ES/STD
	3
	95
	319

	F83EHS
	F96T12/HO/ES
	Fluorescent, (3) 96", ES HO lamp
	Mag-STD
	3
	95
	352

	F83EL
	F96T12/ES
	Fluorescent, (3) 96", ES lamp
	Electronic
	3
	60
	179

	F83ES
	F96T12/ES
	Fluorescent, (3) 96", ES lamp
	Mag-STD
	3
	60
	221

	F83EVS
	F96T12/VHO/ES
	Fluorescent, (3) 96", ES VHO lamp
	Mag-STD
	3
	185
	590

	F83ILL
	F96T8
	Fluorescent, (3) 96", T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95)
	Electronic
	3
	59
	167

	F83SHS
	F96T12/HO
	Fluorescent, (3) 96", STD HO lamp
	Mag-STD
	3
	110
	392

	F83SS
	F96T12
	Fluorescent, (3) 96", STD lamp
	Mag-STD
	3
	75
	273


	
	
	




	Fixture Code
	Lamp Code
	Description
	Ballast
	Lamp/
Fixture
	Watt/
Lamp
	Watt/
Fixture

	F83SVS
	F96T12/VHO
	Fluorescent, (3) 96", STD VHO lamp
	Mag-STD
	3
	215
	680

	F84EE
	F96T12/ES
	Fluorescent, (4) 96", ES lamp
	Mag-ES
	4
	60
	246

	F84EHE
	F96T12/HO/ES
	Fluorescent, (4) 96", ES HO lamp
	Mag-ES
	4
	95
	414

	F84EHL
	F96T12/HO/ES
	Fluorescent, (4) 96", ES HO lamp
	Electronic
	4
	95
	340

	F84EHS
	F96T12/HO/ES
	Fluorescent, (4) 96", ES HO lamp
	Mag-STD
	4
	95
	454

	F84EL
	F96T12/ES
	Fluorescent, (4) 96", ES lamp
	Electronic
	4
	60
	220

	F84ES
	F96T12/ES
	Fluorescent, (4) 96", ES lamp
	Mag-STD
	4
	60
	276

	F84EVS
	F96T12/VHO/ES
	Fluorescent, (4) 96", ES VHO lamp
	Mag-STD
	4
	185
	780

	F84ILL
	F96T8
	Fluorescent, (4) 96", T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95)
	Electronic
	4
	59
	219

	F84LHL
	F96T8/HO
	Fluorescent, (4) 96", T8 HO lamp
	Electronic
	4
	86
	320

	F84SE
	F96T12
	Fluorescent, (4) 96", STD lamp
	Mag-ES
	4
	75
	316

	F84SHE
	F96T12/HO
	Fluorescent, (4) 96", STD HO lamp
	Mag-ES
	4
	110
	474

	F84SHL
	F96T12/HO
	Fluorescent, (3) 96", STD HO lamp
	Electronic
	4
	110
	390

	F84SHS
	F96T12/HO
	Fluorescent, (4) 96", STD HO lamp
	Mag-STD
	4
	110
	514

	F84SL
	F96T12
	Fluorescent, (4) 96", STD lamp, Instant Start Ballast, NLO (BF: .85-.95)
	Electronic
	4
	75
	268

	F84SS
	F96T12
	Fluorescent, (4) 96", STD lamp
	Mag-STD
	4
	75
	346

	F84SVS
	F96T12/VHO
	Fluorescent, (4) 96", STD VHO lamp
	Mag-STD
	4
	215
	900

	F86EHS
	F96T12/HO/ES
	Fluorescent, (6) 96", ES HO lamp
	Mag-STD
	6
	95
	721

	F86ILL
	F96T8
	Fluorescent, (6) 96", T-8 lamp, Instant Start Ballast, NLO (BF: .85-.95)
	Electronic
	6
	59
	328


	
	
	




	Fixture Code
	Lamp Code
	Description
	Ballast
	Lamp/
Fixture
	Watt/
Lamp
	Watt/
Fixture

	FC12/1
	FC12T9
	Fluorescent, (1) 12" circular lamp, RS ballast
	Mag-STD
	1
	32
	31

	FC12/2
	FC12T9
	Fluorescent, (2) 12" circular lamp, RS ballast
	Mag-STD
	2
	32
	62

	FC16/1
	FC16T9
	Fluorescent, (1) 16" circular lamp
	Mag-STD
	1
	40
	35

	FC20
	FC6T9
	Fluorescent, Circlite, (1) 20W lamp, Preheat ballast
	Mag-STD
	1
	20
	20

	FC22/1
	FC8T9
	Fluorescent, Circlite, (1) 22W lamp, preheat ballast
	Mag-STD
	1
	22
	20

	FC22/32/1
	FC22/32T9
	Fluorescent, Circlite, (1) 22W/32W lamp, preheat ballast
	Mag-STD
	1
	22/32
	58

	FC32/1
	FC12T9
	Fluorescent, Circline, (1) 32W lamp, preheat ballast
	Mag-STD
	1
	32
	40

	FC32/40/1
	FC32/40T9
	Fluorescent, Circlite, (1) 32W/40W lamp, preheat ballast
	Mag-STD
	1
	32/40
	80

	FC40/1
	FC16T9
	Fluorescent, Circline, (1) 32W lamp, preheat ballast
	Mag-STD
	1
	32
	42

	FC44/1
	FC44T9
	Fluorescent, Circlite, (1) 44W lamp, preheat ballast
	Mag-STD
	1
	44
	46

	FC6/1
	FC6T9
	Fluorescent, (1) 6" circular lamp, RS ballast
	Mag-STD
	1
	20
	25

	FC8/1
	FC8T9
	Fluorescent, (1) 8" circular lamp, RS ballast
	Mag-STD
	1
	22
	26

	FC8/2
	FC8T9
	Fluorescent, (2) 8" circular lamp, RS ballast
	Mag-STD
	2
	22
	52

	FU1EE
	FU40T12/ES
	Fluorescent, (1) U-Tube, ES lamp
	Mag-ES
	1
	34
	43

	FU1ILL
	FU31T8/6
	Fluorescent, (1) U-Tube, T-8 lamp, Instant Start ballast
	Electronic
	1
	32
	31

	FU1LL
	FU31T8/6
	Fluorescent, (1) U-Tube, T-8 lamp
	Electronic
	1
	32
	32

	FU1LL-R
	FU31T8/6
	Fluorescent, (1) U-Tube, T-8 lamp, RLO (BF<0.85)
	Electronic
	1
	31
	27

	FU1ILX-R
	FU31T8/6
	Fluorescent, (1) U-Tube, T-8 lamp, HE Instant/Program Start Ballast RLO (BF<0.85)
	Electronic
	1
	31
	25

	FU2SS
	FU40T12
	Fluorescent, (2) U-Tube, STD lamp
	Mag-STD
	2
	40
	96


	
	
	




	Fixture Code
	Lamp Code
	Description
	Ballast
	Lamp/
Fixture
	Watt/
Lamp
	Watt/
Fixture

	FU2SE
	FU40T12
	Fluorescent, (2) U-Tube, STD lamp
	Mag-ES
	2
	40
	85

	FU2EE
	FU40T12/ES
	Fluorescent, (2) U-Tube, ES lamp
	Mag-ES
	2
	34
	72

	FU2ES
	FU40T12/ES
	Fluorescent, (2) U-Tube, ES lamp
	Mag-STD
	2
	34
	82

	FU2ILL
	FU31T8/6
	Fluorescent, (2) U-Tube, T-8 lamp, Instant Start Ballast
	Electronic
	2
	32
	59

	FU2ILL/T4
	FU31T8/6
	Fluorescent, (2) U-Tube, T-8 lamp, Instant Start Ballast, tandem wired
	Electronic
	2
	32
	56

	FU2ILL/T4-R
	FU31T8/6
	Fluorescent, (2) U-Tube, T-8 lamp, Instant Start Ballast, RLO, tandem wired
	Electronic
	2
	32
	51

	FU2ILL-H
	FU31T8/6
	Fluorescent, (2) U-Tube, T-8 lamp, Instant Start HLO Ballast
	Electronic
	2
	32
	65

	FU2ILL-R
	FU31T8/6
	Fluorescent, (2) U-Tube, T-8 lamp, Instant Start RLO Ballast
	Electronic
	2
	32
	52

	FU2ILX-R
	FU31T8/6
	Fluorescent, (2) U-Tube, T-8 lamp, HE Instant/Program Start Ballast RLO (BF<0.85)
	Electronic
	2
	31
	48

	FU2LL
	FU31T8/6
	Fluorescent, (2) U-Tube, T-8 lamp
	Electronic
	2
	32
	60

	FU2LL/T2
	FU31T8/6
	Fluorescent, (2) U-Tube, T-8 lamp, Tandem 4 lamp ballast
	Electronic
	2
	32
	59

	FU2LL-R
	FU31T8/6
	Fluorescent, (2) U-Tube, T-8 lamp, RLO (BF<0.85)
	Electronic
	54
	31
	54

	FU3EE
	FU40T12/ES
	Fluorescent, (3) U-Tube, ES lamp
	Mag-ES
	3
	35
	115

	FU3ILL
	FU31T8/6
	Fluorescent, (3) U-Tube, T-8 lamp, Instant Start Ballast
	Electronic
	3
	32
	89

	FU3ILL-R
	FU31T8/6
	Fluorescent, (3) U-Tube, T-8 lamp, Instant Start RLO Ballast
	Electronic
	3
	32
	78

	I100/1
	I100
	Incandescent, (1) 100W lamp
	N/A
	1
	100
	100


	
	
	




	Fixture Code
	Lamp Code
	Description
	Ballast
	Lamp/
Fixture
	Watt/
Lamp
	Watt/
Fixture

	I100/2
	I100
	Incandescent, (2) 100W lamp
	N/A
	2
	100
	200

	I100/3
	I100
	Incandescent, (3) 100W lamp
	N/A
	3
	100
	300

	I100/4
	I100
	Incandescent, (4) 100W lamp
	N/A
	4
	100
	400

	I100/5
	I100
	Incandescent, (5) 100W lamp
	N/A
	5
	100
	500

	I1000/1
	I1000
	Incandescent, (1) 1000W lamp
	N/A
	1
	1000
	1000

	I100E/1
	I100/ES
	Incandescent, (1) 100W ES lamp
	N/A
	1
	90
	90

	I100EL/1
	I100/ES/LL
	Incandescent, (1) 100W ES/LL lamp
	N/A
	1
	90
	90

	I120/1
	I120
	Incandescent, (1) 120W lamp
	N/A
	1
	120
	120

	I120/2
	I120
	Incandescent, (2) 120W lamp
	N/A
	2
	120
	240

	I125/1
	I125
	Incandescent, (1) 125W lamp
	N/A
	1
	125
	125

	I135/1
	I135
	Incandescent, (1) 135W lamp
	N/A
	1
	135
	135

	I135/2
	I135
	Incandescent, (2) 135W lamp
	N/A
	2
	135
	270

	I15/1
	I15
	Incandescent, (1) 15W lamp
	N/A
	1
	15
	15

	I15/2
	I15
	Incandescent, (2) 15W lamp
	N/A
	2
	15
	30

	I150/1
	I150
	Incandescent, (1) 150W lamp
	N/A
	1
	150
	150

	I150/2
	I150
	Incandescent, (2) 150W lamp
	N/A
	2
	150
	300

	I1500/1
	I1500
	Incandescent, (1) 1500W lamp
	N/A
	1
	1500
	1500

	I150E/1
	I150/ES
	Incandescent, (1) 150W ES lamp
	N/A
	1
	135
	135

	I150EL/1
	I150/ES/LL
	Incandescent, (1) 150W ES/LL lamp
	N/A
	1
	135
	135

	I170/1
	I170
	Incandescent, (1) 170W lamp
	N/A
	1
	170
	170

	I20/1
	I20
	Incandescent, (1) 20W lamp
	N/A
	1
	20
	20


	
	
	




	Fixture Code
	Lamp Code
	Description
	Ballast
	Lamp/
Fixture
	Watt/
Lamp
	Watt/
Fixture

	I20/2
	I20
	Incandescent, (2) 20W lamp
	N/A
	2
	20
	40

	I200/1
	I200
	Incandescent, (1) 200W lamp
	N/A
	1
	200
	200

	I200/2
	I200
	Incandescent, (2) 200W lamp
	N/A
	2
	200
	400

	I2000/1
	I2000
	Incandescent, (1) 2000W lamp
	N/A
	1
	2000
	2000

	I200L/1
	I200/LL
	Incandescent, (1) 200W LL lamp
	N/A
	1
	200
	200

	I25/1
	I25
	Incandescent, (1) 25W lamp
	N/A
	1
	25
	25

	I25/2
	I25
	Incandescent, (2) 25W lamp
	N/A
	2
	25
	50

	I25/4
	I25
	Incandescent, (4) 25W lamp
	N/A
	4
	25
	100

	I250/1
	I250
	Incandescent, (1) 250W lamp
	N/A
	1
	250
	250

	I300/1
	I300
	Incandescent, (1) 300W lamp
	N/A
	1
	300
	300

	I34/1
	I34
	Incandescent, (1) 34W lamp
	N/A
	1
	34
	34

	I34/2
	I34
	Incandescent, (2) 34W lamp
	N/A
	2
	34
	68

	I36/1
	I36
	Incandescent, (1) 36W lamp
	N/A
	1
	36
	36

	I40/1
	I40
	Incandescent, (1) 40W lamp
	N/A
	1
	40
	40

	I40/2
	I40
	Incandescent, (2) 40W lamp
	N/A
	2
	40
	80

	I400/1
	I400
	Incandescent, (1) 400W lamp
	N/A
	1
	400
	400

	I40E/1
	I40/ES
	Incandescent, (1) 40W ES lamp
	N/A
	1
	34
	34

	I40EL/1
	I40/ES/LL
	Incandescent, (1) 40W ES/LL lamp
	N/A
	1
	34
	34

	I42/1
	I42
	Incandescent, (1) 42W lamp
	N/A
	1
	42
	42

	I448/1
	I448
	Incandescent, (1) 448W lamp
	N/A
	1
	448
	448

	I45/1
	I45
	Incandescent, (1) 45W lamp
	N/A
	1
	45
	45


	
	
	




	Fixture Code
	Lamp Code
	Description
	Ballast
	Lamp/
Fixture
	Watt/
Lamp
	Watt/
Fixture

	I50/1
	I50
	Incandescent, (1) 50W lamp
	N/A
	1
	50
	50

	I50/2
	I50
	Incandescent, (2) 50W lamp
	N/A
	2
	50
	100

	I500/1
	I500
	Incandescent, (1) 500W lamp
	N/A
	1
	500
	500

	I52/1
	I52
	Incandescent, (1) 52W lamp
	N/A
	1
	52
	52

	I52/2
	I52
	Incandescent, (2) 52W lamp
	N/A
	2
	52
	104

	I54/1
	I54
	Incandescent, (1) 54W lamp
	N/A
	1
	54
	54

	I54/2
	I54
	Incandescent, (2) 54W lamp
	N/A
	2
	54
	108

	I55/1
	I55
	Incandescent, (1) 55W lamp
	N/A
	1
	55
	55

	I55/2
	I55
	Incandescent, (2) 55W lamp
	N/A
	2
	55
	110

	I60/1
	I60
	Incandescent, (1) 60W lamp
	N/A
	1
	60
	60

	I60/2
	I60
	Incandescent, (2) 60W lamp
	N/A
	2
	60
	120

	I60/3
	I60
	Incandescent, (3) 60W lamp
	N/A
	3
	60
	180

	I60/4
	I60
	Incandescent, (4) 60W lamp
	N/A
	4
	60
	240

	I60/5
	I60
	Incandescent, (5) 60W lamp
	N/A
	5
	60
	300

	I60E/1
	I60/ES
	Incandescent, (1) 60W ES lamp
	N/A
	1
	52
	52

	I60EL/1
	I60/ES/LL
	Incandescent, (1) 60W ES/LL lamp
	N/A
	1
	52
	52

	I65/1
	I65
	Incandescent, (1) 65W lamp
	N/A
	1
	65
	65

	I65/2
	I65
	Incandescent, (2) 65W lamp
	N/A
	2
	65
	130

	I67/1
	I67
	Incandescent, (1) 67W lamp
	N/A
	1
	67
	67

	I67/2
	I67
	Incandescent, (2) 67W lamp
	N/A
	2
	67
	134

	I67/3
	I67
	Incandescent, (3) 67W lamp
	N/A
	3
	67
	201


	
	
	




	Fixture Code
	Lamp Code
	Description
	Ballast
	Lamp/Fixture
	Watt/Lamp
	Watt/Fixture

	I69/1
	I69
	Incandescent, (1) 69W lamp
	N/A
	1
	69
	69

	I7.5/1
	I7.5
	Tungsten exit light, (1) 7.5 W lamp, used in night light application
	N/A
	1
	7.5
	8

	I7.5/2
	I7.5
	Tungsten exit light, (2) 7.5 W lamp, used in night light application
	N/A
	2
	7.5
	15

	I72/1
	I72
	Incandescent, (1) 72W lamp
	N/A
	1
	72
	72

	I75/1
	I75
	Incandescent, (1) 75W lamp
	N/A
	1
	75
	75

	I75/2
	I75
	Incandescent, (2) 75W lamp
	N/A
	2
	75
	150

	I75/3
	I75
	Incandescent, (3) 75W lamp
	N/A
	3
	75
	225

	I75/4
	I75
	Incandescent, (4) 75W lamp
	N/A
	4
	75
	300

	I750/1
	I750
	Incandescent, (1) 750W lamp
	N/A
	1
	750
	750

	I75E/1
	I75/ES
	Incandescent, (1) 75W ES lamp
	N/A
	1
	67
	67

	I75EL/1
	I75/ES/LL
	Incandescent, (1) 75W ES/LL lamp
	N/A
	1
	67
	67

	I80/1
	I80
	Incandescent, (1) 80W lamp
	N/A
	1
	80
	80

	I85/1
	I85
	Incandescent, (1) 85W lamp
	N/A
	1
	85
	85

	I90/1
	I90
	Incandescent, (1) 90W lamp
	N/A
	1
	90
	90

	I90/2
	I90
	Incandescent, (2) 90W lamp
	N/A
	2
	90
	180

	I90/3
	I90
	Incandescent, (3) 90W lamp
	N/A
	3
	90
	270

	I93/1
	I93
	Incandescent, (1) 93W lamp
	N/A
	1
	93
	93

	I95/1
	I95
	Incandescent, (1) 95W lamp
	N/A
	1
	95
	95

	I95/2
	I95
	Incandescent, (2) 95W lamp
	N/A
	2
	95
	190

	H100/1
	H100
	Halogen Incandescent, (1) 100W lamp
	N/A
	1
	100
	100


	
	
	




	Fixture Code
	Lamp Code
	Description
	Ballast
	Lamp/
Fixture
	Watt/
Lamp
	Watt/
Fixture

	H1000/1
	H1000
	Halogen Incandescent, (1) 1000W lamp
	N/A
	1
	1000
	1000

	H1200/1
	H1200
	Halogen Incandescent, (1) 1200W lamp
	N/A
	1
	1200
	1200

	H150/1
	H150
	Halogen Incandescent, (1) 150W lamp
	N/A
	1
	150
	150

	H150/2
	H150
	Halogen Incandescent, (2) 150W lamp
	N/A
	2
	150
	300

	H1500/1
	H1500
	Halogen Incandescent, (1) 1500W lamp
	N/A
	1
	1500
	1500

	H200/1
	H200
	Halogen Incandescent, (1) 200W lamp
	N/A
	1
	200
	200

	H250/1
	H250
	Halogen Incandescent, (1) 250W lamp
	N/A
	1
	250
	250

	H300/1
	H300
	Halogen Incandescent, (1) 300W lamp
	N/A
	1
	300
	300

	H35/1
	H35
	Halogen Incandescent, (1) 35W lamp
	N/A
	1
	35
	35

	H350/1
	H350
	Halogen Incandescent, (1) 350W lamp
	N/A
	1
	350
	350

	H40/1
	H40
	Halogen Incandescent, (1) 40W lamp
	N/A
	1
	40
	40

	H400/1
	H400
	Halogen Incandescent, (1) 400W lamp
	N/A
	1
	400
	400

	H42/1
	H42
	Halogen Incandescent, (1) 42W lamp
	N/A
	1
	42
	42

	H425/1
	H425
	Halogen Incandescent, (1) 425W lamp
	N/A
	1
	425
	425

	H45/1
	H45
	Halogen Incandescent, (1) 45W lamp
	N/A
	1
	45
	45

	H45/2
	H45
	Halogen Incandescent, (2) 45W lamp
	N/A
	2
	45
	90

	H50/1
	H50
	Halogen Incandescent, (1) 50W lamp
	N/A
	1
	50
	50

	H50/2
	H50
	Halogen Incandescent, (2) 50W lamp
	N/A
	2
	50
	100

	H500/1
	H500
	Halogen Incandescent, (1) 500W lamp
	N/A
	1
	500
	500

	H52/1
	H52
	Halogen Incandescent, (1) 52W lamp
	N/A
	1
	52
	52

	H55/1
	H55
	Halogen Incandescent, (1) 55W lamp
	N/A
	1
	55
	55


	
	
	




	Fixture Code
	Lamp Code
	Description
	Ballast
	Lamp/
Fixture
	Watt/
Lamp
	Watt/
Fixture

	H55/2
	H55
	Halogen Incandescent, (2) 55W lamp
	N/A
	2
	55
	110

	H60/1
	H60
	Halogen Incandescent, (1) 60W lamp
	N/A
	1
	60
	60

	H72/1
	H72
	Halogen Incandescent, (1) 72W lamp
	N/A
	1
	72
	72

	H75/1
	H75
	Halogen Incandescent, (1) 75W lamp
	N/A
	1
	75
	75

	H75/2
	H75
	Halogen Incandescent, (2) 75W lamp
	N/A
	2
	75
	150

	H750/1
	H750
	Halogen Incandescent, (1) 750W lamp
	N/A
	1
	750
	750

	H90/1
	H90
	Halogen Incandescent, (1) 90W lamp
	N/A
	1
	90
	90

	H90/2
	H90
	Halogen Incandescent, (2) 90W lamp
	N/A
	2
	90
	180

	H900/1
	H900
	Halogen Incandescent, (1) 900W lamp
	N/A
	1
	900
	900

	HLV20/1
	H20/LV
	Halogen Low Voltage Incandescent, (1) 20W lamp
	N/A
	1
	20
	30

	HLV25/1
	H25/LV
	Halogen Low Voltage Incandescent, (1) 25W lamp
	N/A
	1
	25
	35

	HLV35/1
	H35/LV
	Halogen Low Voltage Incandescent, (1) 35W lamp
	N/A
	1
	35
	45

	HLV42/1
	H42/LV
	Halogen Low Voltage Incandescent, (1) 42W lamp
	N/A
	1
	42
	52

	HLV50/1
	H50/LV
	Halogen Low Voltage Incandescent, (1) 50W lamp
	N/A
	1
	50
	60

	HLV65/1
	H65/LV
	Halogen Low Voltage Incandescent, (1) 65W lamp
	N/A
	1
	65
	75

	HLV75/1
	H75/LV
	Halogen Low Voltage Incandescent, (1) 75W lamp
	N/A
	1
	75
	85

	QL55/1
	QL55
	QL Induction, (1) 55W lamp
	Generator
	1
	55
	55

	QL85/1
	QL85
	QL Induction, (1) 85W lamp
	Generator
	1
	85
	85

	QL165/1
	QL165
	QL Induction, (1) 165W lamp
	Generator
	1
	165
	165

	HPS100/1
	HPS100
	High Pressure Sodium, (1) 100W lamp
	CWA
	1
	100
	138

	HPS1000/1
	HPS1000
	High Pressure Sodium, (1) 1000W lamp
	CWA
	1
	1000
	1100


	
	
	




	Fixture Code
	Lamp Code
	Description
	Ballast
	Lamp/
Fixture
	Watt/
Lamp
	Watt/
Fixture

	HPS150/1
	HPS150
	High Pressure Sodium, (1) 150W lamp
	CWA
	1
	150
	188

	HPS200/1
	HPS200
	High Pressure Sodium, (1) 200W lamp
	CWA
	1
	200
	250

	HPS225/1
	HPS225
	High Pressure Sodium, (1) 225W lamp
	CWA
	1
	225
	275

	HPS250/1
	HPS250
	High Pressure Sodium, (1) 250W lamp
	CWA
	1
	250
	295

	HPS310/1
	HPS310
	High Pressure Sodium, (1) 310W lamp
	CWA
	1
	310
	365

	HPS35/1
	HPS35
	High Pressure Sodium, (1) 35W lamp
	CWA
	1
	35
	46

	HPS360/1
	HPS360
	High Pressure Sodium, (1) 360W lamp
	CWA
	1
	360
	414

	HPS400/1
	HPS400
	High Pressure Sodium, (1) 400W lamp
	CWA
	1
	400
	465

	HPS50/1
	HPS50
	High Pressure Sodium, (1) 50W lamp
	CWA
	1
	50
	66

	HPS600/1
	HPS600
	High Pressure Sodium, (1) 600W lamp
	CWA
	1
	600
	675

	HPS70/1
	HPS70
	High Pressure Sodium, (1) 70W lamp
	CWA
	1
	70
	95

	HPS750/1
	HPS750
	High Pressure Sodium, (1) 750W lamp
	CWA
	1
	750
	835

	MH100/1
	MH100
	Metal Halide, (1) 100W lamp
	CWA
	1
	100
	128

	MH1000/1
	MH1000
	Metal Halide, (1) 1000W lamp
	CWA
	1
	1000
	1080

	MH150/1
	MH150
	Metal Halide, (1) 150W lamp
	CWA
	1
	150
	190

	MH1500/1
	MH1500
	Metal Halide, (1) 1500W lamp
	CWA
	1
	1500
	1610

	MH175/1
	MH175
	Metal Halide, (1) 175W lamp
	CWA
	1
	175
	215

	MH1800/1
	MH1800
	Metal Halide, (1) 1800W lamp
	CWA
	1
	1800
	1875

	MH200/1
	MH200
	Metal Halide, (1) 200W lamp
	CWA
	1
	200
	232

	MH250/1
	MH250
	Metal Halide, (1) 250W lamp
	CWA
	1
	250
	295

	MH32/1
	MH32
	Metal Halide, (1) 32W lamp
	CWA
	1
	32
	43


	
	
	




	Fixture Code
	Lamp Code
	Description
	Ballast
	Lamp/
Fixture
	Watt/
Lamp
	Watt/
Fixture

	MH300/1
	MH300
	Metal Halide, (1) 300W lamp
	CWA
	1
	300
	342

	MH320/1
	MH320
	Metal Halide, (1) 320W lamp
	CWA
	1
	320
	365

	MH350/1
	MH350
	Metal Halide, (1) 350W lamp
	CWA
	1
	350
	400

	MH360/1
	MH360
	Metal Halide, (1) 360W lamp
	CWA
	1
	360
	430

	MH400/1
	MH400
	Metal Halide, (1) 400W lamp
	CWA
	1
	400
	458

	MH400/2
	MH400
	Metal Halide, (2) 400W lamp
	CWA
	2
	400
	916

	MH450/1
	MH450
	Metal Halide, (1) 450W lamp
	CWA
	1
	450
	508

	MH35/1
	MH35
	Metal Halide, (1) 35W lamp
	CWA
	1
	35
	44

	MH50/1
	MH50
	Metal Halide, (1) 50W lamp
	CWA
	1
	50
	72

	MH70/1
	MH70
	Metal Halide, (1) 70W lamp
	CWA
	1
	70
	95

	MH750/1
	MH750
	Metal Halide, (1) 750W lamp
	CWA
	1
	750
	850

	MHPS/LR/100/1
	MHPS100
	Metal Halide Pulse Start, (1) 100W lamp w/ Linear Reactor Ballast
	LR
	1
	100
	118

	MHPS/LR/150/1
	MHPS150
	Metal Halide Pulse Start, (1) 150W lamp w/ Linear Reactor Ballast
	LR
	1
	150
	170

	MHPS/LR/175/1
	MHPS175
	Metal Halide Pulse Start, (1) 175W lamp w/ Linear Reactor Ballast
	LR
	1
	175
	194

	MHPS/LR/200/1
	MHPS200
	Metal Halide Pulse Start, (1) 200W lamp w/ Linear Reactor Ballast
	LR
	1
	200
	219

	MHPS/LR/250/1
	MHPS250
	Metal Halide Pulse Start, (1) 250W lamp w/ Linear Reactor Ballast
	LR
	1
	250
	275

	MHPS/LR/300/1
	MHPS300
	Metal Halide Pulse Start, (1) 300W lamp w/ Linear Reactor Ballast
	LR
	1
	300
	324


	
	
	




	Fixture Code
	Lamp Code
	Description
	Ballast
	Lamp/
Fixture
	Watt/
Lamp
	Watt/
Fixture

	MHPS/LR/320/1
	MHPS320
	Metal Halide Pulse Start, (1) 320W lamp w/ Linear Reactor Ballast
	LR
	1
	320
	349

	MHPS/LR/350/1
	MHPS350
	Metal Halide Pulse Start, (1) 350W lamp w/ Linear Reactor Ballast
	LR
	1
	350
	380

	MHPS/LR/400/1
	MHPS400
	Metal Halide Pulse Start, (1) 400W lamp w/ Linear Reactor Ballast
	LR
	1
	400
	435

	MHPS/LR/450/1
	MHPS450
	Metal Halide Pulse Start, (1) 450W lamp w/ Linear Reactor Ballast
	LR
	1
	450
	485

	MHPS/LR/750/1
	MHPS750
	Metal Halide Pulse Start, (1) 750W lamp w/ Linear Reactor Ballast
	LR
	1
	750
	805

	MHPS/SCWA/100/1
	MHPS100
	Metal Halide Pulse Start, (1) 100W lamp w/ Super Constant Wattage Autotransformer Ballast
	SCWA
	1
	100
	128

	MHPS/SCWA/1000/1
	MHPS1000
	Metal Halide Pulse Start, (1) 1000W lamp w/ Super Constant Wattage Autotransformer Ballast
	SCWA
	1
	1000
	1080

	MHPS/SCWA/150/1
	MHPS150
	Metal Halide Pulse Start, (1) 150W lamp w/ Super Constant Wattage Autotransformer Ballast
	SCWA
	1
	150
	190

	MHPS/SCWA/175/1
	MHPS175
	Metal Halide Pulse Start, (1) 175W lamp w/ Super Constant Wattage Autotransformer Ballast
	SCWA
	1
	175
	208

	MHPS/SCWA/200/1
	MHPS200
	Metal Halide Pulse Start, (1) 200W lamp w/ Super Constant Wattage Autotransformer Ballast
	SCWA
	1
	200
	232

	MHPS/SCWA/250/1
	MHPS250
	Metal Halide Pulse Start, (1) 250W lamp w/ Super Constant Wattage Autotransformer Ballast
	SCWA
	1
	250
	288

	MHPS/SCWA/300/1
	MHPS300
	Metal Halide Pulse Start, (1) 300W lamp w/ Super Constant Wattage Autotransformer Ballast
	SCWA
	1
	300
	342

	MHPS/SCWA/320/1
	MHPS320
	Metal Halide Pulse Start, (1) 320W lamp w/ Super Constant Wattage Autotransformer Ballast
	SCWA
	1
	320
	368


	
	
	




	Fixture Code
	Lamp Code
	Description
	Ballast
	Lamp/
Fixture
	Watt/
Lamp
	Watt/
Fixture

	MHPS/SCWA/350/1
	MHPS350
	Metal Halide Pulse Start, (1) 350W lamp w/ Super Constant Wattage Autotransformer Ballast
	SCWA
	1
	350
	400

	MHPS/SCWA/400/1
	MHPS400
	Metal Halide Pulse Start, (1) 400W lamp w/ Super Constant Wattage Autotransformer Ballast
	SCWA
	1
	400
	450

	MHPS/SCWA/450/1
	MHPS450
	Metal Halide Pulse Start, (1) 450W lamp w/ Super Constant Wattage Autotransformer Ballast
	SCWA
	1
	450
	506

	MHPS/SCWA/750/1
	MHPS750
	Metal Halide Pulse Start, (1) 750W lamp w/ Super Constant Wattage Autotransformer Ballast
	SCWA
	1
	750
	815

	MV100/1
	MV100
	Mercury Vapor, (1) 100W lamp
	CWA
	1
	100
	125

	MV1000/1
	MV1000
	Mercury Vapor, (1) 1000W lamp
	CWA
	1
	1000
	1075

	MV175/1
	MV175
	Mercury Vapor, (1) 175W lamp
	CWA
	1
	175
	205

	MV250/1
	MV250
	Mercury Vapor, (1) 250W lamp
	CWA
	1
	250
	290

	MV40/1
	MV40
	Mercury Vapor, (1) 40W lamp
	CWA
	1
	40
	50

	MV400/1
	MV400
	Mercury Vapor, (1) 400W lamp
	CWA
	1
	400
	455

	MV400/2
	MV400
	Mercury Vapor, (2) 400W lamp
	CWA
	2
	400
	910

	MV50/1
	MV50
	Mercury Vapor, (1) 50W lamp
	CWA
	1
	50
	74

	MV700/1
	MV700
	Mercury Vapor, (1) 700W lamp
	CWA
	1
	700
	780

	MV75/1
	MV75
	Mercury Vapor, (1) 75W lamp
	CWA
	1
	75
	93

	ECF5/1
	CFT5W
	EXIT Compact Fluorescent, (1) 5W lamp
	Mag-STD
	1
	5
	9

	ECF5/2
	CFT5W
	EXIT Compact Fluorescent, (2) 5W lamp
	Mag-STD
	2
	5
	20

	ECF7/1
	CFT7W
	EXIT Compact Fluorescent, (1) 7W lamp
	Mag-STD
	1
	7
	10

	ECF7/2
	CFT7W
	EXIT Compact Fluorescent, (2) 7W lamp
	Mag-STD
	2
	7
	21


	
	
	




	Fixture Code
	Lamp Code
	Description
	Ballast
	Lamp/
Fixture
	Watt/
Lamp
	Watt/
Fixture

	ECF8/1
	F8T5
	EXIT T5 Fluorescent, (1) 8W lamp
	Mag-STD
	1
	8
	12

	ECF8/2
	F8T5
	EXIT T5 Fluorescent, (2) 8W lamp
	Mag-STD
	2
	8
	24

	ECF9/1
	CFT9W
	EXIT Compact Fluorescent, (1) 9W lamp
	Mag-STD
	1
	9
	12

	ECF9/2
	CFT9W
	EXIT Compact Fluorescent, (2) 9W lamp
	Mag-STD
	2
	9
	20

	EI10/2
	I10
	EXIT Incandescent, (2) 10W lamp
	
	2
	10
	20

	EI15/1
	I15
	EXIT Incandescent, (1) 15W lamp
	
	1
	15
	15

	EI15/2
	I15
	EXIT Incandescent, (2) 15W lamp
	
	2
	15
	30

	EI20/1
	I20
	EXIT Incandescent, (1) 20W lamp
	
	1
	20
	20

	EI20/2
	I20
	EXIT Incandescent, (2) 20W lamp
	
	2
	20
	40

	EI25/1
	I25
	EXIT Incandescent, (1) 25W lamp
	
	1
	25
	25

	EI25/2
	I25
	EXIT Incandescent, (2) 25W lamp
	
	2
	25
	50

	EI34/1
	I34
	EXIT Incandescent, (1) 34W lamp
	
	1
	34
	34

	EI34/2
	I34
	EXIT Incandescent, (2) 34W lamp
	
	2
	34
	68

	EI40/1
	I40
	EXIT Incandescent, (1) 40W lamp
	
	1
	40
	40

	EI40/2
	I40
	EXIT Incandescent, (2) 40W lamp
	
	2
	40
	80

	EI5/1
	I5
	EXIT Incandescent, (1) 5W lamp
	
	1
	5
	5

	EI5/2
	I5
	EXIT Incandescent, (2) 5W lamp
	
	2
	5
	10

	EI50/2
	I50
	EXIT Incandescent, (2) 50W lamp
	
	2
	50
	100

	EI7.5/1
	I7.5
	EXIT Tungsten, (1) 7.5 W lamp
	
	1
	7.5
	8

	EI7.5/2
	I7.5
	EXIT Tungsten, (2) 7.5 W lamp
	
	2
	7.5
	15

	ELED0.5/1
	LED0.5W
	EXIT Light Emitting Diode, (1) 0.5W lamp, Single Sided
	
	1
	0.5
	0.5


	
	
	




	Fixture Code
	Lamp Code
	Description
	Ballast
	Lamp/
Fixture
	Watt/
Lamp
	Watt/
Fixture

	ELED0.5/2
	LED0.5W
	EXIT Light Emitting Diode, (2) 0.5W lamp, Dual Sided
	
	2
	0.5
	1

	ELED1.5/1
	LED1.5W
	EXIT Light Emitting Diode, (1) 1.5W lamp, Single Sided
	
	1
	1.5
	1.5

	ELED1.5/2
	LED1.5W
	EXIT Light Emitting Diode, (2) 1.5W lamp, Dual Sided
	
	2
	1.5
	3

	ELED10.5/1
	LED10.5W
	EXIT Light Emitting Diode, (1) 10.5W lamp, Single Sided
	
	1
	10.5
	10.5

	ELED10.5/2
	LED10.5W
	EXIT Light Emitting Diode, (2) 10.5W lamp, Dual Sided
	
	2
	10.5
	21

	ELED2/1
	LED2W
	EXIT Light Emitting Diode, (1) 2W lamp, Single Sided
	
	1
	2
	2

	ELED2/2
	LED2W
	EXIT Light Emitting Diode, (2) 2W lamp, Dual Sided
	
	2
	2
	4

	ELED3/1
	LED3W
	EXIT Light Emitting Diode, (1) 3W lamp, Single Sided
	
	1
	3
	3

	ELED3/2
	LED3W
	EXIT Light Emitting Diode, (2) 3W lamp, Dual Sided
	
	2
	3
	6

	ELED5/1
	LED5W
	EXIT Light Emitting Diode, (1) 5W lamp, Single Sided
	
	1
	5
	5

	ELED5/2
	LED5W
	EXIT Light Emitting Diode, (2) 5W lamp, Dual Sided
	
	2
	5
	10

	ELED8/1
	LED8W
	EXIT Light Emitting Diode, (1) 8W lamp, Single Sided
	
	1
	8
	8

	ELED8/2
	LED8W
	EXIT Light Emitting Diode, (2) 8W lamp, Dual Sided
	
	2
	8
	16
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	Location
	Building Component
	ELA, SqIn/unit
	Unit

	Ceiling/ Ceiling Penetrations
	General Ceiling (well-sealed)
	0.011
	ft2

	
	General Ceiling (average)
	0.026
	ft2

	
	General Ceiling (very leaky)
	0.04
	ft2

	
	Ceiling/ Flue vents (well-sealed)
	4.3
	each

	
	Ceiling/ Flue vents (average to very leaky)
	4.8
	each

	
	Lights, Recessed (well-sealed)
	0.23
	each

	
	Lights, Recessed (average)
	1.6
	each

	
	Lights, Recessed (very leaky)
	3.3
	each

	
	Lights, Surface Mounted (average)
	0.13
	each

	Crawl Space
	Crawl Space/ Open chase (well- sealed)
	0.1
	ft2

	
	Crawl Space/ Open chase (average)
	0.144
	ft2

	
	Crawl Space/ Open chase (very leaky)
	0.24
	ft2

	Doors
	Framing- General (well-sealed)
	0.37
	each

	
	Framing- General (average)
	1.9
	each

	
	Framing- General (very leaky)
	3.9
	each

	
	Framing- Masonry, caulked
	0.014
	ft2

	
	Framing- Masonry, not caulked
	0.024
	ft2

	
	Framing- Wood, caulked
	0.004
	ft2

	
	Framing- Wood, not caulked
	0.024
	ft2

	
	Attic/ Crawl Space, weatherstripped
	2.8
	each

	
	Attic/ Crawl Space, not weatherstripped
	4.6
	each

	
	Attic Hatch, not weatherstripped
	6.8
	each

	
	Attic Hatch, weatherstripped
	3.4
	each

	
	Attic Hatch, weatherstripped, insulated
	0.6
	each

	
	Elevator (well-sealed)
	0.022
	each

	
	Elevator (average)
	0.04
	each
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Location
	
Building Component
	ELA,
SqIn/unit
	Unit

	
	Double, weatherstripped
	0.12
	ft2

	
	Double, not weatherstripped
	0.16
	ft2

	
	Interior Stairs (well-sealed)
	0.012
	ft (crack)

	
	Interior Stairs (average)
	0.04
	ft (crack)

	
	Interior Stairs (leaky)
	0.07
	ft (crack)

	
	Replacement Doors, cfm/ft known (enter cfm/ft in Additional Info)
	-
	ft

	
	Replacement Doors, cfm/sq ft known (enter cfm/sq ft in Additional Info)
	
-
	
sq ft

	
	
Single, weatherstripped
	
1.9
	
each

	
	Single, not weatherstripped
	3.3
	each

	
	Sliding Exterior Glass Patio (well-sealed)
	0.46
	each

	
	Sliding Exterior Glass Patio (average)
	3.4
	each

	
	Sliding Exterior Glass Patio (very leaky)
	9.3
	each

	
	Storm (select in addition to other doors)
	-0.9
	each

	
	Vestibule (select in addition to other doors)
	-1.6
	each

	

Electrical Outlets
	Elec outlets/ switches w/ gaskets
	0.023
	each

	
	Elec outlets/switches w/o gaskets
	0.38
	each

	Exterior Wall
	Clay brick Cavity Wall
	0.0098
	ft2

	
	Continuous Air Infiltration Barrier
	0.0022
	ft2

	
	Heavyweight concrete block
	0.0036
	ft2

	
	Lightweight concrete block, unfinished
	0.05
	ft2

	
	Lightweight concrete block, painted or stucco
	0.016
	ft2

	
	Rigid Sheathing
	0.005
	ft2

	
	Wood frame w/ dense packed or wet cellulose
	0.004 [2]
	ft2

	
	Wood-frame w/o Air Barrier System (average)
	0.0071 [2]
	ft2

	
	Wood-frame w/o Air Barrier System (leaky)
	0.01 [2]
	ft2

	Fireplace
	With open damper
	5.04
	ft2

	
	With closed damper
	0.62
	ft2

	
	With glass door
	0.58
	ft2



	
	
	




	
Location
	
Building Component
	ELA,
SqIn/unit
	Unit

	Floor Over Crawl Space
	Floor over Crawl Space (well- sealed)
	0.006
	ft2

	
	Floor over Crawl Space (average)
	0.032
	ft2

	
	Floor over Crawl Space (very leaky)
	0.071
	ft2

	Joints
	Joint- Floor/Wall caulked
	0.04
	ft (crack)

	
	Joint- Floor/Wall uncaulked
	0.2
	ft (crack)

	
	Joint- Ceiling/Wall (well-sealed)
	0.0075
	ft (crack)

	
	Joint- Ceiling/Wall (average)
	0.07
	ft (crack)

	
	Joint- Ceiling/Wall (very leaky)
	0.12
	ft (crack)

	Penetrations
	Penetrations- Pipes/Wiring, caulked (any size)
	0.3
	each

	
	Penetrations- Pipes/Wiring, uncaulked
	0.9
	each

	
	Penetrations- Pipes/Wiring, uncaulked (large)
	3.7
	each

	
	Air-conditioner Sleeve, caulked
	1.9 [3]
	each

	
	Air-conditioner Sleeve, uncaulked
	3.9 [3]
	each

	Windows
	Framing- masonry, caulked
	0.019
	ft2

	
	Framing- masonry, uncaulked
	0.094
	ft2

	
	Framing- wood, caulked
	0.004
	ft2

	
	Framing- wood, uncaulked
	0.025
	ft2

	
	Awning/ Hopper, weatherstripped
	0.012
	ft2

	
	Awning/ Hopper, not weatherstripped
	0.023
	ft2

	
	Casement, weatherstripped
	0.011
	ft (crack)

	
	Casement, not weatherstripped
	0.013
	ft (crack)

	
	Double hung, with storm, weatherstripped
	0.031 [1]
	ft (crack)

	
	Double hung, with storm, not weatherstripped
	0.046
	ft (crack)

	
	Double hung, weatherstripped
	0.037 [1]
	ft (crack)

	
	Double hung, not weatherstripped
	0.12
	ft (crack)

	
	Double horizontal slider, wood, weatherstripped
	0.026
	ft (crack)

	
	Double horizontal slider, aluminum, weatherstripped
	0.034
	ft (crack)

	
	Double horizontal slider, not weatherstripped
	0.052
	ft (crack)

	
	Replacement Windows (enter NFRC AL under Additional Info)
	-
	ft2



	
Location
	
Building Component
	ELA,
SqIn/unit
	Unit

	
	Sill (well-sealed)
	0.0065
	ft (crack)

	
	Sill (average)
	0.0099
	ft (crack)

	
	Sill (very leaky)
	0.01
	ft (crack)

	
	Single hung, weatherstripped
	0.041
	ft (sash)

	
	Single horizontal slider, aluminum
	0.04
	ft (sash)

	
	Single horizontal slider, wood
	0.021
	ft (sash)

	
	Storm Inside, flexible sheet with a mechanical seal
	0.0072
	ft (sash)

	
	Storm Inside, rigid sheet with magnetic seal
	0.0056
	ft (sash)

	
	Storm Inside, rigid sheet with mechanical seal
	0.019
	ft (sash)

	
	Storm Outside, pressurized track
	0.025
	ft (sash)

	Vent
	Bathroom with damper closed
	1.6
	each

	
	Bathroom with damper open
	3.1
	each

	
	Ceiling/ Flue vents (well-sealed)
	4.3
	each

	
	Ceiling/ Flue vents (average to very leaky)
	4.8
	each

	
	Dryer with damper
	0.46
	each

	
	Dryer without damper
	2.3
	each

	
	Kitchen with tight gasket
	0.16
	each

	
	Kitchen with damper closed
	0.8
	each

	
	Kitchen with damper open
	6.2
	each


In ASHRAE table, double hung with storm is leakier than double hung without storm. Flipped the values for consistency.
Estimated based on the following references:
2001 ASHRAE Handbook- Fundamentals. Atlanta: American Society of heating, Refrigerating and Air- Conditioning Engineers, Inc.
TenWolde, Anton, Charles Carll, Vyto Malinauskas. 1998. Air Pressures in Wood Frame Walls. Thermal Performance of the Exterior Envelopes of Buildings VII. Clearwater beach, FL.
Canada Mortgage and Housing Corporation. Research and Highlight Developments- Wet sprayed cellulose insulation in Wood frame construction. Technical Series 90-240.
Estimated assuming leakage through caulked/un-caulked AC sleeve is similar to leakage through average/very leaky general door framing.
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Combustion efficiency and thermal efficiency describe steady state efficiency. Annual Fuel Utilization Efficiency (AFUE) and other measures of seasonal or annual efficiency are non-steady state measures that include a boiler's performance when it is operating at part load and idling between calls for heat.
Working with Efficiency Ratings
ASHRAE Standard 90.1-2004 describes the minimum acceptable ratings for ne
boilers: Boiler Btu/hour input		Standard Used for Minimum Rating
<300,000			AFUE
300,000- 2,500,000			Thermal Efficiency (Ei)
>2,500,000			Combustion Efficiency (Ee)
	
The Hydronics Institute Division of GAMA (HI) provides directories listing these ratings at GAMA Product Directories. Specifically, see the directories for Residential and Commercial boilers.
Combustion Efficiency %= ((Fuel Input – Stack Losses) ÷ Fuel Input) x 100
Combustion efficiency is most commonly defined as shown above and usually describes the results of a combustion efficiency field test on an existing combustion appliance. Combustion efficiency does not account for jacket losses or off cycle losses. The test estimates the heat lost up the stack when the combustion appliance has been firing long enough to reach equilibrium. Stack heat loss is assessed by measuring:
Net stack temperature, the difference between the temperature in the flue and the temperature in the mechanical mom
Carbon dioxide concentration or oxygen concentration in the flue gas (%) Carbon monoxide is also often measured, as an indication of unburned flue gases.

Combustion efficiency measurements for an installed combustion appliance account for any inefficiency of the heat exchanger due to soot, scale, or poor maintenance, because heat that fails to transfer through the heat exchanger goes up the stack.
The Hydronic Institute Testing Standard BTS-2000 provides a test procedure foe rating the combustion efficiency of new boilers. The BTS-2000 combustion efficiency test is a more precise version of the combustion efficiency field test. Values for combustion efficiency measured using this standard are given in the Hydronics Institute commercial boiler directory referenced above.
Thermal Efficiency % = (Output/ Input) x 100
The definition of thermal efficiency shown above is also from BTS-2000. When a boiler nameplate provides the input and output BTUs, the ratio of those numbers expresses the thermal efficiency.
Thermal efficiency cannot be tested in the field; it requires metering the fuel input and measuring the
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Introduction
In an effort to cost-effectively reduce building-wide overheating, some multifamily building owners choose to install an energy management system (EMS) to control the boiler. The primary function of an EMS in multifamily buildings is to monitor indoor temperatures using a network of temperature sensors and then to use that information to control the heating system. This tech tip focuses on how to use an EMS to better control the run time of the boiler or the temperature of the water circulated through the building. 
Background
Many multifamily buildings across New York State are overheated in the winter. In general, the most severe overheating is found in buildings heated by steam and hot water. Frequent causes of overheating are:
· degraded heating distribution systems
· inadequate or improperly calibrated heating system controls
· the complicated reality of heating multifamily buildings
Both New York State Code and New York City Code require a minimum indoor temperature of 68°F during the winter for multifamily buildings. For the purpose of this discussion, we define “overheated” as anything above code minimum, but many building owners aim for a minimum of 70°F to ensure tenant comfort. A range of temperatures is expected, but temperatures more than 72°F are widely considered overheated. 

There are many boiler control strategies used to maintain this minimum temperature, and they vary widely in their ability to do so while conserving energy and keeping fuel costs low. Many centralized boiler controls operate without any feedback from indoor temperature sensors, which limits their ability to achieve all three goals. Controls that allow the tenants to adjust the amount of heat coming from a radiator, such as thermostatic radiator valves (TRVs) or thermostats, can reduce both overheating and tenant complaints, but they can be expensive to install. They also typically rely on tenant cooperation to achieve savings. This can make them unappealing for energy conservation retrofits because savings may be unreliable. 






NYS and NYC Code
Requirements
New York State – Heat supply. Every owner and operator of any building who rents, leases or lets one or more dwelling unit, rooming unit, dormitory or guestroom on terms, either expressed or implied, to furnish heat to the occupants thereof shall supply heat during the period from September 15th to May 31st to maintain a temperature of not less than 68°F (20°C) in all habitable rooms, bathrooms and toilet rooms. (Section 602.3) 
New York City – Heat must be supplied from October 1 through May 31 to tenants in multiple dwellings. If the outdoor temperature falls below 55°F between the hours of six a.m. and ten p.m., each apartment must be heated to a temperature of at least 68°F. If the outdoor temperature falls below 40°F between the hours of ten p.m. and six a.m., each apartment must be heated to a temperature of at least 55°F. (Multiple Dwelling Law § 79; Multiple Residence Law § 173; NYC Admin. Code § 27-2029.)
 

 






Figure 1:  Central computers of Energy Management Systems installed in the field and manufactured (from left to right) by Heat-Timer, U.S. Energy, EnTech, 		and Intech 21.  Photo credits: Far left and left by Taitem Engineering; right and far right by the Association for Energy Affordability

Description of Energy Management Systems
Energy management systems have two main functions that differentiate them from other types of boiler controls:
First, many EMSs can monitor a wide array of data types and display the data in a computer program or on a website. Depending on the model, data points that can be monitored include domestic hot water temperature, fuel consumption, fuel oil tank level, boiler stack temperature, boiler water usage, and more. Although these monitoring capabilities are often emphasized in marketing materials and can be a useful tool for some boiler operators, they do not produce any energy savings by themselves. Action by the boiler operator is required to turn any of the information listed above into potential energy savings.
Second, EMSs use a network of temperature sensors to better control the run time of the boiler or the temperature of the water circulated through the building. One temperature sensor monitors outdoor air temperature. It determines whether the building should be heated at any given time, where on the outdoor reset curve the boiler should operate, or which curve should be used. Additionally a series of sensors is installed in a sample of apartments to monitor the temperature inside the building. 
Multiple temperature sensors are recommended to get an accurate picture of what is going on in the building. Measuring temperatures in several apartments reduces the impact of anomalies caused by open windows, electric heaters, and tenants who shut off their radiators. Best practice:  Install sensors in a representative sample of no fewer than 10%  of the apartments; this provides adequate redundancy while keeping costs reasonable. Best practice:  Install the sensors in apartments on different floors and  lines to take into account differences in temperature between upper and lower floors, sunny and shaded sides, and windward and leeward sides of the building. Many EMS manufacturers offer wireless sensors which can reduce installation costs. 
The indoor sensors are used to calculate an approximate average building temperature, which the EMS uses to control the boiler. In steam systems, this average temperature is used to prevent unnecessary firing when the building’s target temperature is already met. That is, the apartment sensors “vote.” If enough sensors indicate apartments are warm enough, the EMS keeps the boiler off, and if enough indicate apartments are too cool, the EMS allows the boiler to fire. 
In hot water systems, instead of turning the boiler on and off, the EMS uses the apartment temperature data to adjust the outdoor reset curve. For example, if the outdoor reset curve calls for a supply water temperature of 160°F , but the average indoor temperature is close to the setpoint, the outdoor reset curve might be adjusted to provide supply water at 150°F.
Most EMSs can be programmed to lower the indoor temperature at night, which can result in additional savings. We recommend implementing night setback, if permitted by code. 
For both steam and hot water systems, the primary result of implementing an EMS is to reduce the average indoor temperature. Keep in mind that the EMS alone cannot supply more heat to specific cold apartments nor reduce the heat supplied to specific hot apartments. 
 

Outdoor Reset Control
In buildings heated with hot water, the use of outdoor reset curves can reduce overheating and save energy by varying the temperature of the water circulating through the building. In general, as the outdoor temperature decreases, warmer water is circulated. Actual water temperatures required are building-specific.
Example: A building might require 140°F circulating water when it is 55°F outside, but 180°F water when it is 20°F outside.
The outdoor reset ratio defines how much the water temperature is increased per degree of outdoor temperature decrease. For example, with a 1:1 ratio, the water temperature is increased 1°F when the outdoor temperature falls 1°F. With a 1:1.25 ratio, the water temperature is increased 1.25°F for every 1°F the outdoor temperature falls. 
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Energy Management systems have two main functions that differentiate them from other types of boiler controls: Outdoor Reset Control
In buildings heated with hot water, the use of outdoor reset curves can reduce overheating and save energy by varying the temperature of the water circulating through the building. In general, as the outdoor temperature decreases, warmer water is circulated. Actual water temperatures required are building specific.
Example: A building might require 140⁰F circulating water when it is 55⁰F outside, but 180⁰F water when it is 20⁰F outside.
The outdoor reset ratio defines how much the water temperature is increased per degree of outdoor temperature decrease. For example, with a 1:1 ratio, the water temperature is increased 1⁰F when the outdoor temperature falls 1⁰F. With a 1:1.25 ratio, the water temperature is increased 1.25⁰F or every 1⁰F the outdoor temperature falls.
. [image: ]



First, many EMSs can monitor a wide array of data types and display the data in a computer program or on a website. Depending on the model, data points that can be monitored include domestic hot water temperature, fuel consumption, fuel oil tank level, boiler stack temperature, boiler water usage, and more.. Although these monitoring capabilities are often emphasized in marketing materials and can be a useful tool for boiler operators. They do not produce any energy savings by themselves. Action by the boiler operator is required to turn of the information listed above into potential energy savings.
Second, EMSs use a network of temperature sensors to better control the
run time of the boiler or the temperature of the water circulated through the building. One temperature sensor monitor outdoor air temperature. It deter­ mines whether the building should be heated at any given time, where on the
outdoor reset curve the boiler should operate, or which curve should be used. Additionally a series of sensors is installed in a sample of apartments to monitor the temperature inside the building.
Multiple temperature sensors are recommended to get an accurate picture of what is going on in the building. Measuring temperatures in several apartments reduces the impact of anomalies caused by open windows, electric heaters, and tenants who, shut off their radiators, Best practice: Install sen­ sors in a representative sample of no fewer than 10% of the apartments; this provides adequate redundancy while keeping costs reasonable. Best practice:
Install the sensors in apartments on different floors and lines to take into account differences in temperature between upper and lower floors, sunny and shaded sides, and windward and leeward sides of the building. Many EMS manufacturers offer wireless sensors which can reduce installation costs.
The indoor sensors are used to calculate an approximate average building temperature, which the EMS uses to control the boiler. In steam systems, this average temperature is used to prevent unnecessary firing when the building's target temperature is already met That is, the apartment sensors "vote.” If enough sensors indicate apartments are warm enough, the EMS keeps the boiler off, and if enough indicate apartments are too cool, the EMS allows the boiler to fire.
In hot water systems, instead of turning the boiler on and off, the EMS uses the apartment temperature data to adjust the outdoor reset curve. For example, if the outdoor reset curve call's for a supply water temperature of 160⁰F but the average indoor temperature is close to the setpoint, the outdoor reset curve might be adjusted to provide supply water at 150⁰F,
Most EMSs ·can be programmed to lower the indoor temperature at night; which can result in additional savings. We recommend implementing night
setback, if permitted by code. 
For both steam and hot water systems, the primary result of implementing an EMS is to reduce the average indoor temperature. Keep in mind that the EMS alone cannot supply more heat to specific cold apartments nor reduce the heat supplied to specific hot apartments.
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Assume (per ASHRAE 90.1-2004), that the studs, plates, sills and headers are 25% of the total area of a wood-framed wall, while the cavity insulation is 75% of the total area.

The effective U-value of this wall assembly would be calculated as:
Effective U-value = (0.75 x0.08) + (025 x. 0.16)= 0.1
The effective R-value for the, wall assembly is 1/0.l = 10, lower than the nominal R-value of the 
insulation.

ASHRAE Standard 90.1-2004 contains a series of tables that show the effective R-value of different wall, roof and floor assemblies, including both cavity and continuous insulation. If you are considering a building whose construction is not described in the TREAT or eQUESTlibraries or the ASHRAE Standard 90.1-2004 tables, you can calculate its R-value using the procedure described previously.
ASBRAE Fundamentals contains R-values for many building materials; these values are also widely available on the Internet. In addition, Oak Ridge National Laboratory offers free R-value calculation software at http://www.ornl.gov/sci/roof+walls/AWT/InteractiveCalculators/index.htm. 

Assumptions: about the fraction of the total surface area that is insulated (compared to the fraction that consists of framing members) have a large effect on the effective U-value of the surface. According to Oak Ridge National Laboratory (ORNL), framing factors such as studs, wall/wall (corners), wall/roof wall/floor, wall/door, and wall/window connections can occupy 10% to 40% of the wall area.
[image: Shape, arrow

Description automatically generated]Appendix A of ASHR.AE 90.1-2004 recommends the following assumptions for wood-framed buildings:

	Construction type
	Material
	%of surface
area

	Attic roof with, wood joists, Standard framing (insulation
tapers at perimeter)
	Full-depth insulation Half-depth insulation
Joists
	85%
5%
10%

	Attic roof with wood joists, Advanced framing
	Full-depth insulation Joists
	90%
10%

	Single-rafter roof (ceiling and roof attached to the same rafter)
	Full-depth insulation Joists
	90%
10%

	Wood-framed walls,
Standard framing (16” on center)
	Insulated cavity
Studs, plates and sills Headers
	75%
21%
4%

	Wood-framed walls, Advanced framing
(24” on center)
	Insulated cavity Studs, plates: and sills Headers
	78%
18%
4%




This information .is provided as a summary to the Technical Topics discussion in November 2008
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Metal Wall Studs
The attached table reproduced from ASHRAE Standard 90.1-2004, Appendix A presents measured R- values for wall insulation installed between steel framing. Metal framing presents a special situation because of the metal’s high thermal conductivity. To calculate the U value for a wall with metal studs, use the R-value of the rest of the wall assembly (e.g. masonry, interior gypsum board, interior and exterior airfilms), using the procedure described previously.

TABLE A9.2B	Effective Insulations/Framing Layer R-Values for Wall Insulation Installed Between Steel Framing
[image: Table
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The table below excerpts ASHRAE Standard 90.1-2004, Appendix A, Table A9.2A, which provides measured R-values for metal framed roofs. As with metal-framed walls, you should add the R-values of an films and construction material to this base value.

Effective Insulation/Framing Layer R-Values for Roof and Floor Insulations Installed Between Metal Framing

	Rated R-Value of Insulation
	Framing/Cavity R-Value

	11.00
	10.01

	19.00
	16.34

	38.00
	28.12

	55
	36.85



If your insulation is an intermediate R-value between those provided in the table, it is legitimate to interpolate between the framing/cavity R-values shown in the table.
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There are many different terms to describe the efficiency of heating systems, and some of those terms
have more than one definition. When you see “combustion efficiency. ” “thermal efficiency.” or “boiler
efficiency” it is important to understand what definition was intended.

For the purpose of NYSERDA s Multifamily Performance Program, the crifical distinction is befween
deseriptions of steady state efficiency and descriptions of seasonal or annual efficiency

This information is provided as s sty 1o the Tech Tips discrisson on Apul 17. 2008
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“pounds of steam. fate of hot water production, and condensate produced (for steam boilers o
condensing boilers). The biggest difference befween combustion efficiency and thermal efficiency is
that thermal efficiency accounts for the heat lost through the boiler jacket during boiler firing.

Annual or Seasonal Efficiency

Seasonal efficiency cannot be tested in the field, nor can it be described with a simple equation. In
addition to stack losses and jacket losses, seasonal efficiency accounts for heat loss during periods that
the boiler is “idling” to maintain ifs internal temperature while the building is not calling for heat.

The AFUE rating system applies to boilers up to 300,000 Btu per hour input. ASHRAE is working on
Standard 155P, a similar rating system for larger boilers and boiler systems. Values for AFUE are
given in the Hydronics Instifute residential boiler directory referenced above.

ASHRAE/ANSI Standard 103-1993 describes the procedure used to calculate AFUE, which includes
assumptions such as:
* Varying outdoor temperatures in order fo simulate a “typical” winter. Although this
isa typical winter for the entire United States, not a typical New York State winter. it
does model boiler performance at part load.
o An oversizing factor, which means the boiler does not run at full capacity. even on
the coldest day.

An accurate description of seasonal efficiency would be the closest approximation of the boiler's
actual performance in a particular building. The AFUE rating system makes simplifying assumptions
that may not apply to a particular installation, but as a single number to represent seasonal efficiency, it
comes closer than any other rating system currently available.
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Introduction

In an effort to cost-effectively reduce building-wide overheating, some multifamily build-
ing owners choose to install an energy management system (EMS) to control the boiler.
The primary function of an EMS in multifamily buildings is to monitor indoor temperatures
using a network of temperature senzors and then to use that information to control the
heating system. This tech tip focuses on how to use an EMS to better control the run time.
of the boiler or the temperature of the water circulated through the building.

Background

Many multifamily buildings across New York State are overheated in the winter. In general,
the most severe overheating is found in buildings heated by steam and hot water. Fre-
quent causes of overheating are:

«  degraded heating distribution systems
« inadequate or improperly calibrated heating system controls
*  the complicated reality of heating multifamily buildings

Both New York State Cade and New York City Code require a minimum indoor tempera-
ture of 68°F during the winter for multifamily buildings. For the purpose of this discussion,
we define "overheated” as anything above code minimum, but many building owners aim
for a minimum of 70°F to ensure tenant comfort. A range of temperatures is expected, but
temperatures more than 72°F are widely considered overheated.

There are many boiler control srategies used to maintain this minimum temperature, and
they vary widely in their abiity to do 0 while conserving energy and keeping fuel costs
low. Many centralized boiler control: operate without any feedback from indoor tempera-
ture sensor, which limits their abilty to achieve all three goak. Controls that allow the
tenant to adjust the amount of heat coming from a radiator, such a thermostatic radiator
valves (TRVS) or thermostats, can reduce both overheating and tenant complaints, but they
can be expensive to install. They also typically rely on tenant cooperation to achieve sav-
ingz. This can make them unappealing for energy consenvation retrofits because savings
may be unreliable.

NYSand NYCCode )
Requirements

New York State ~ Heat supply. Every
owner and operator of any building
who rents, leases or lets one or more
duwelling unit, rooming unit, dormitory
or guestroom on terms, cither expressed
or implied, to fumish heat to the occu-
pants thereof shall supply heat during
the period from September 15th to May
31st to maintain a temperature of not
less than 68°F (20°C) in all habitable
rooms, bathrooms and toilet. rooms
(Section 602.3)

New York City — Heat must be sup-
plid from October 1 through May 31 to
fenants in multiple dwellings. f the
outdoor temperature fall below 55°F
between the hours of six am. and ten
pm, each apartment must be heated to
a temperature of at least G8°F. If the
outdoor temperature falls below 40°F
between the hours of ten pm. and six
am, each apartment must be heated to
a temperature of at least 55°F. (Mltple
Dwelling Law § 75; Multiple Residence
Law § 173; NYC Admin. Code § 27-
2020)

\

Figure 1: Gentral computers of Energy Management Systems instale in the field and manufactured (from Ief to right) by Heat-Timer, LS. Energy,
EnTech, and Intech 21. Photo credis: Far left and left by Taitem Engineering; ight and far ight by the Associaton for Energy Affordabily.
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These hesting imbalances can have many.
causes, including failed or clogged air vents,
failed steam traps, ediment buid-up in distri-

‘Apariment Temparaturs (]

e | buton pipez, removed radition, removal of
—worh —#ts —c vacuum pumps, and otherz.
— — e ~erAverag Temp
|—Code Minimum Temp_—Desire verageTemp. Vosighlolind i
5 u ment temperatures in our zample buidig if

& @ @ | M were imated and the cimbuton
S ystem were balanced. Note the much smalker
S0 S

9| range of temperature: between the

s
S s

Figure 3 Temperatures n the sample apartments, atered fo show the efect of nstafing
an EMS on the boler.
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hottest and coldest spartments (4F
masimum), and no significantly over-
heated apartments. Acheving marimum
Savings with an EMS can only be real-
ized in conjunction with balancing the
distribution system.

Predicting Energy Savings

To cakcuiate potential energy savings,
You must first estimate and enter the
reduction in average buiding tempera-
ture into the building energy model In
3 recent ztudy of mid-rize “team and
hot water hested buildings, energy
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mansgement zyztems were. in
reducing average building temperature:
n twehve out of fifteen buikdings. The
average reduction in tempera-
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ture was 25'F for steam-heated build-
ingz and O for hot water hested
buiding: (Table 1).However, even when

O
T A R A A

the boilers were. by EMS:,
between 67% and 100% of the apart.
ments in each buiding were found to
be overheated. A: expected, thre was 2
strong positve conelation between how.
overhested 3 buiding waz without the
EMS operating and how much the aver-
2ge temperature wos reduced by turn-
ing on the EMS. That i, bulkdings with
the highest average temperature when
the EMS was deactvated had the larg-
ezt reduction in average building tem-
perature when the EMS was resctvated.

The study did not track fuel consump-
on, 2o heating fuel and cost savings
rezults muzt be extrapolated. A US.
Department of Energy publication from
2015 stated that overheating increaze:
annual heating enery consumption by
approsimately 3% per degree Fahren-
heit per day. Using this DOE estimate

Figure 4: Temperatures n our sample bulding adjusted 1o show what s ke to happen
when an EMS is instald and the distrbuton sytem s balanced.

Average Reductions in Building Temperature | Number of

Buildings

Average Minimum | Maximum
1-pipe Steam 25% 05'F sF 2
Hot Water 0¥ 16 26% 3

Table 1: Reductions i buiking temperature achieved when the EMSS were actiated.

and the average temperature reductions found by Dentz, et al, 7% heating energy saving=
for steam buidings and 2% zavingz for hot water buiding are ikely when an EMS iz in-
Stalled in 3 building. EMS manufacturers predict at leazt 10% hesting energy zaving:,
which they claim is conservative, from upgrading boiler controls from an outdoor reset to
an EMS. Compared to the temperature reductions achieved by Dentz, et a, 10% heating
‘eneroy savings should not be considered a conservative estimate but it may be useful in-
stead 25 an upper limit or achievable savings.

“Dentz.J, Varsney. K, and Henderson,H. (2013, Ovrbeating i Hot Water and Steam. Heated Mutfamily Buing. The et of this sty
‘aaiable onine i the Buicing Amerca rogram Publcaton and Poduc Lirary.

5. Department of Encrgy. 2013 126} Thermastat. Rerieved 13, 201, rom Encgy 0ov: Hpd/energy ov nergysaveartices/hermostas-and-

contro systems
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Modeling. for Impl

'g EMS on Heating Sy

in Multifamily Bui

The following modeling protocols are ntended to help energy modelers accurately and conservatively cakculate potential zavings
from implementing Eneray Management Systems on steam and ot water systems.

STEAM SYSTEMS

Existing

| Proposed

Modeling Protocol - Steam

Mode as a temperature feducton. Do not mode!

o heatng imbalances.

Onoft control any: ouldoor reser”as I opton only apples 1o hot
o utdoor resel water system or vacuum steam systems. Must
provde detas of existng controls and evdence
Note hat outdoor reset or steam | Outdoor reset
ottt oot resetforsteam hat outdoor rese s not currentl being ubized
adjuss thelengh o th steam cycle
s ho outdoor femperature changes. e S
oo EMS it ndoor tempsrature sen-
I e sors Giuon moaances ot a6 | 2 mamun temperaure reducion
Outdoor resat; EMS with incoor temperature sen-
heatng mbalances observed sors Gstruton balanced: ST R
Outgoor reset

EMS with indoor temperature sensors. | 3'F maxmum temperature reduction

HOT WATER SYSTEMS

Existing

Onoft control only,
o outdoor reset

[ roposea

Outdoor reset and EMS with in-
Goor temperature sensors

‘Modeling Protocol - Hot Water

Model as outdoor reset control on hot water loop. Must
provide detais of existing contrls and evidence tat
outdoor resat s not curtenty being utized. System must
be able 0 operate Wi 0udoor st (condensing bolers
andlor boders separated ffom heating 00p).

‘Addtionaly, model a temperatre reduction of 1°F maxi-
mum f he outdoor reset curve (Le. the hot water loop
set point) wil be adjusted based on feedback from apart-
ment sensars.

Outdoor reset

EMS wih indoor temperature

Model s a temperature reducton if outdoor rese curve
(not water loop set poin) il b adjusted based on foed-
back from aparmen sensors

1°F maximum temperature reduction

Note: Steam boilers that supply a hot water loop are to be considered a hot water system.
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Best Practices to Achieve Savings

Energy management systems can reduce heating energy use in multfamily buikdings. Taking the following steps will help mazimize
amingz.

L Identty pre-esisting temperature control_problems.
Measure and record buiking temperaturez in a variety of
apartments during the heating seazon. nterview the su-
perintendent, manager, owner, and rezident: to gain an
underztanding of hesting izzue: in the buikling.

2. Evsiuste load: on the building. Determine whether there
are ther factorz causing the spartment: to be over- or

under-heated such as olar loads, wind loads, removed

o overized radiators, ete.

Gain  general understanding of the diztribution syztem

layout. Then look fo patterns n heating imbalances.

4. Consider implementing comprehenzive rebslancing i
heating imbalance: are abserved. Savings will be limited
without rebalancing.

5. Identty sl components of the esisting boiker control
zystem. Make sure that the existing controls are unable
to provide indoor temperature feedback. Determine
whether night setback and outdoor reset controls are in
place.

6. Model predicted savings using the modeling protocols
above.

7. Review the plan for the new contros incuding a careful
‘examination of sensor locations, set points, and zones.
Enure that the propoced EMS provides 3 sgnifcantly
different control trategy than the old contral zyztem;
theruize, aving will not be achieved. In 2-pipe and hot
water systems, zensors zhould be intalled in no fewer
than 10% of apartments and on a varietyof foors and in
2 varity of apartment lines. In 1-pipe steam systems,
sensors should be installed in no fewer than 25% of

Conclusion
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apartments and on a variety of floors, and there must be
a sensor i the apartment at the end of each steam fne.
Inspect the insalltion. Ensure that the sensors are locat-
2 in apartments that represent average buiding tem-
peratures and that they are installed on interior wals, out
of direct sunight, and away from zources of draftz or
heat.

Review the EMS settings; make sure they have been ad-
justed to reflect the needs of the bukding. Note that in
general the target zetpoint for the EMS wil need to be
Zeversl degree: warmer than the minimum temperature
required by code to ensure that the coldezt apartments
meet code. I you are working in 3 buikling where ten-
ants are fikely 1o resit 3 temperature change, consider
reducing the temperature siowy, across several months.
Biso consider adjusting the temperatures seazonally, to
be warmer in deep winter and cooler in the fal and
<pring.

. 1 balancing work was performed, create 3 plan for con-

inued maintenance. Train bulding 2aff on how to main-
tai the distibution syztem.

Trsin =taff thoroughly on how to properly operate the
new EMS, o conzider recticting ther accezz 1o the con-
trolz. I the building doez ot currently have 3 protocol
for addrezzing tenant hesting complaint, develop one.
that involves correcting all other potential reasons for
low temperatures before turning up the EMS setpoints.
Emphasize that staff should not overide the system or
increase the temperature in the whole building just be-
cause of a ingle tenant complaint.

Energy management syztem: can be an effctive tool for reducing the high average temperatures often found in multfamily
buslding: and they can lead to zubstantia energy and cost zavingz. It - important, however, o underztand the capabiltiez
‘and limitations of EMS control. EMS: cannot correct temperature diferences in apartments that are cauzed by heating 57z~

tem imbslance:

3 resul, the overal temperature reduction possible in a given buiding isimited by the temperature of the

coldest apartments I order to mazimize savings, comprehensive balancing work must be performed in conjuncton with an

EMS installation.
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LED lighting efiiciency is advancing rapidly, which can be challenging when predicting energy savings and specifying upgrades. Tris.
tech tp s infended to help eneray auditors avoid insufficient ightlevels or over-predicied energy savings. Fixture efficacy is defined
as usable lumens per watt, and a famillarity with the eficacy ranges for light fitures curently available wil help auditors make
reasonable assumptions when comparing LED fixures to tradiional ighting technologies.

LED fixtures can be more efficient than comparable fluorescent and high intensity discharge (HID) ixtures. However, as shown in the.
following graphic, there is significant overiap in fixture efiicacy: some fluorescent and HID fixtures are more efficent than some LED

fidtures.

Typical Efficacy Ranges for Different Fixture Types

Indoor / Low-Lumen

20 40 60 8 100

Effacy (Lumensiat)

‘Outdoor / High-Lumen

will be maintained.

When replacing fuorescent or HID
fixtures with LEDs, if the eficacy of
the exising iturs is unknow, then
a wattage reduction of no more
than 1/3 should be assumed.

For example, for a generic 150W HID
fxture, assume 100W for the LED
upgrade.

120 140 160

This reducton is based on a
comparison of LED, HID and
fuorescent fixtures for a range of
fixture types and wattage levels, and
‘assumes that the existing light levels

+ Existng ight output and how measured

+ Exdsting watiage and how measired

« Make and model number of iure, lamp, and ballast

Cutsheet ith folowing information
+ Model number
- Wattage:
« Mean lumen output

LED fxtures are more eficient in part because their directionalty
allows a higher percentage of the light to reach the intended
surface_There is less of the wasted light that s characteristc of
non-LED lighting types. This increase in ilumination efficiency is
buit nto the rated wattage and lumen output that are provided in
LED fixure cut sheets and is accounted for in the 1/3 waftage.
reducton recommendaton in this tech tp.

Energy auditors frequently overpredict energy savings from
replacing fuorescent or HID wih LED lighting by basing
calculations on fixtures. with significanty lower fight outpu than
the existing fixtures. If mplemented as specified, insufficient ight
levels wil typically be the resut. Without evidence of signifcant.
over-ighting, reductions in light output should not be included as

partof energy savings projections from LED retrofs.

To find data about certified lighting products:

+ Residential fitures (LED and CFL) - ENERGY STAR
Cerified Light Fixture Product Finder:
hitplmp/EstarFidures

+ Screwdn bulb replacements (LED and CFL) — ENERGY
'STAR Certified Light Bulb Product Finder-
hitp1imp/EstarBuibe

+ Commercial fitures and bulbs (LED Only) — Design
Vil Commoviian — Chsiiin? Prkacs List
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T tech 1 provides an overview of he energy consumgion of
elevators in mutifamily uidings. Methods for estmating usage
are discussed. The various types of elevalor systems are fe-
Viewsd. Exsing codes and standards goveming elevator ener-
gy consumpton are sumazed. The relatie eficencies of
‘levator v and controlsare gven, and il several -
ods of educing elevaor energy consumption ae preserted.

ELEVATOR ENERGY CONSUMPTION

‘Elevator energy consumption fo a specic buking s dficut o
esimate. Even whe te type and sze of the moiorcan be.
‘Getemined, the actual consumpicn depencs on many vana-
bles, inchuding buding ype, popuiaton type, hoist mechanism,
‘weights of the oad and countar balance, speed of Fave, et
“The erature on elevator energy consumption says trat leva-
tors consume 2-10% of whole bulding lecticiy usage. Tis
range s not ferentited by uiing type, and s ely hat
‘levators in office buldngs consume more electilty than ee-
Valors in mutfamily buldings.

Best practic fo determining the lecticty consumpton of a
‘speciic elevator s to monfor s slecticty consumptionfor sev-
efal weeks using data oging ecupment thal can ecord actual
‘energy consumpion. T is especiall important whe caiming
‘energy savings from slevator Improvements.

NEW YORK
STATEOF

NYSERDA

Researchers n the European Union measured the secticty
‘consumption of 30 elvators n multfamiy buldings and found
those elevators consume 600-6,500 KWy More nterest-
ingl, they found that the energy consumption when the eleva-
tors were i standby mode (e, when the cab was ot in mo-
ton) accounted for an average of 70% o the otal annual -
gy consumpton and vared fom 15 10 0% They measured
‘levatorstandby power in multamiy buldings o be 50-
700W. Snifcant amouns ofsecticty are being consumed
‘When elevators are Rt being used, and potental savings are
substantal®

IDENTIFYING ELEVATOR SYSTEMS

Elevatorsystems can be classfed by e type o st mech-
‘ansm. A hyraulc levator i raised by 3 coun of ol pres-
‘Surizec by a pump. A acton slevator s raised by wie [opes.
(cabes) wrapped around a puley tumed by a moto.

Hydraulic Elevators

In a hydraukc elevator, he cab sits on a pston tnat s rased
‘and owered by pressunzed hydraulc fud.In general, an AC
Molor S USed 10 1um 3 pump 1hal pessuzes e resenvor of
yauic lad o rase the cab. To lower the cab, a relef vave
is opened o the pressure in e i Hydraulc

Ingeneral, use sl amouns of
n muBfamiy buidings.For exampie,in the Energy Star M-
famiy High Rise Program, i elevalor consumpton i not cacu-
lated by a model the Smuation Gudeines prowce the folow-
g 2s e total energy consumption for ai levators n the buid-
ng (Tabe 1)

eared  Gearless
Traction Traction
(7-20stories) (21 stories)

Hydrauic
(18 stor

elevators only use energy when the cab s being raised.

Hydrauic slevators are very common in ukdngs up o s
Stores and are amost never seen intaller buidings. They are
‘characierized by Sow p and Gown movement The best vt
al s forigentying a hcrauic elevatr s tha the machine
Toom wil have 2 arge tank rat il normaly be denfed 2s
‘containng hydrauic . Hydraulc systems can also gener-
ally e igentfied by the absence of an skevtor oom ai e
1op of e buiding. especily in o buidings, but hat s ot
an absole. Machine roor-ess racton elevalrs (sescrived
below) ko lack an elevator foom at e top of the bukding, so
‘espacialy in newer buiings, the absence of a machine room
atthe top of the buking does not aways mply 3 hycraukc
elevator.

Hydraulc elevators use the most eectity per tp o any kind
of Slevator Howeter, hey ae ofien instaled because they
have alower insialld costthan traction elevator.
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Traction Elevators
‘The cab of a tracton elevator is suspended from wire ropes

that wrap around a puley. The pulley is driven by a motor that
uses either aterating current (AC) or direct curtent (DC).

DC Traction Systems
‘When an elevator is moved by a DC motor, the DC poweris
‘suppiied by sither a motor-generator set or a rectfier

DC motor with a motor generator set: A motor-generator
‘e (aka "MG set”or ‘gen sef') is an AC motor coupled toa
DC generator to produce DC power. The DC oput i used to
power the elevator controller and a DC motor that s the
pulley to raise and lower the elevator. DC power was histor-
cally used because it s easy to vary the speed of the motor
‘and elevator.

I

Controller AC motor

with
generator

(MG set)

[

“The visual clue for a DC motor with a motor-generator set is
that there are two separate large devices per slevator in the
elevator machine room. The motors connected 10 the hoist
may be stamped “DC" on the nameplate. Motor-generator sets
will often have nameplates labeled “otor generator or wil lst
AC volts and curent as “inputs” and DC volts and current as.
“outpus”

'DC motor with rectifier: A rectifier s another method of
providing DC power. Recifiers convert AC power to DC pow-
er. Figures 23 and 2b show two different types (and ages) of
rectifers.

Controller

Figure 1: Examples of mofor generatorsets—DC mofors and slevatorcontroles

Elevators with DC motors and motor-generator sets are gener-
all found in builings over 30 years oid. This is the east eff-
cient raction drive system. The motor-generator set draws as
much as 12% of fullIoad power when the molor-generator is
iding and the efevator is not moving.” Motor-generator sefs.
are often equipped with automatic imers to it idle time to 3-
10 minutes, but can idie continuously i there s no tmer or f
the timer is not functoning correctly. (See section on Energy
Conservation Measures for more information on fimers.)

Ifthere is no old-styfe rectfier in the elevator machine room, a
‘good way to determine whether the motor is AC or DC s fo
ook at the nameplate on the motor atiached to the elevator
hoist These nameplates are often stamped with *AC” or *DC.*
Also be sure 1o open the controllerpanel to see ifthere fs an
SCRnsie.
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AC Traction Systems.

AC systems have no motor-generator setor recter nstea,
an AC moor dives the hoist pulley (o the hydraulc pump, as
Gescrived above) Elevators hat use AC motors have many
Variabons,incucing what Kind of contols are used, and
‘Whether there are gears between the motor and the puley.
Note that # may not be simple — o necessary — o denty the
specifc type of AC elevator system.f that nformation s re-
qured, you may need to ask the bulding mantenance Staf,
review productierature f any can be found on-se, or cal e
elevator maintenance company.

‘Geared vs gearless: Traction elevators can be further
classifed as being geared or geariess. A geared system has
recuction gears between the shaft of the dve motor and the
puley that rases and lowers the cab.In a gearess elevaor,

the shaftofthe drive motor i connected diectly 0 the puley.

Fipre 25 Bt conel weh sk st etfer—beconioler
pane 1 bon penedoshow e s Ston onialed
et (R e common fom of sk s et The
SCR sanes e a5 o i et e
n

There are inherent osses n a system with gears, 5o geared
elevators areless effcient and siower than geariess elevators.
Howeve, a diect connecton between the molor and the pu-
ley requres large amounts of torque at low speed, necessiat-
9.2 bgger molor for geariess evalor.

Unti recenty, larger motors for geariess elevators have been
considered cost effecive ony n tal bulings (more than ap-
prodmately 20 loors) with high elevator speeds. Recert devel-
opments in elevator technologes, including the development of
permanent magnet motors and new cable materias hat
allowfor a smaler pulley, have made  more cost=flectve fo
instal gearess systems in new buiings of al heights
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AC motor control systems: Without the bty to vary the
‘speed of the motor, an elevator cab experiences ferky move-
‘ment as It tars and stops. Historical,  was more dificut to
vary the speed of an AC motorthan of a DC molor. AS power
disibution standardized on AC, molor-Jenerator sels were.
used in elevator instalations {0 take advantage of e easiy-
controlled DC molars. But as discussed above, molor-
‘generator sets are ineficint.

For approvimately the last 20 years, many elevator installa-
tons have used variable volage varable frequency (VVVF)
‘controlsthat allow the speed of AC motors 0 be varied. (See.
Figure 3. More recently,  method called puise widh moduia-
on has been developed.  uses power ransistors tha are:
rapidly cycled on and off o contol the speed of the molar.
Puise widih moduiation can be used for DC or AC mofors, but
i elevator applcatons i is more common on AC molors.

Figure 3: AC moter with VVVF coirl

Regenerative braking: In order {0 reduce the power nesd-
1o move an elevator cab, a counterweight s hung fom the.
cable on the opposite side o the puley. Countenweignts typr-
cally weigh as much as the cab pius haf e capacty of e
elevator. Therefore, when there are fewer than two or thres
people n the cab, more energy i needed fo ower he cab
(and 1o aise the heaver counterweight) tan to aise & When
the heavier side needs to be lowered, s decreasing potental
‘energy is nomally issipated as heat. Wih a regenerative
braking system, the potental energy can be converted 0 elec-
rcty that s fed back 0 the bulding's slectricalsystem, here-

by reducing the amountof electicity purchased from the utiy.
Regenerative braking i expensive and therefore is not  com-
‘mon opton in elevator Upgrades butrathe s used prmarly in
new consinucton. Elevalor systems wih regeneraiive braking
are the most eficent curntly avatable

Machine room less (MRL) elevators: A recent developmen.
nelevator systems i 1o mount the elevator motor in the hoist-
Way, which eliminates the need for a penthouse. n he Lnited
‘States most MRL eevalors have been nstaled sinoe 2000 and
are therefore most common in new buldings or existng

buldings that have undergone majorrenovations. MRL eleva-
tor systems make the repiacement of a hydrauic levator wih
a traction elevator less costly than a radonal racton nstata-
tion, which would reque a machine foom be buit on the rof.

CODES AND STANDARDS

In th tas ive years, several organizations have pubished
‘standards on the energy consumpfion of elevators. Wi none
of these is curently required in the US, they are useful for de-
temining how to make elevators more efficient. They can aso
e used 0 specty he most energy eficent opsons for a varke-
1y of levator componets when designing an ekevator nstala-
ton or upgrade.

ASHRAE 90.1: Pior t0 2010, elevators were considered an
unreguiated 16ad n the ASHRAE 90.1 standard, and hereiore
o guidance for energy efficiency improvements Was given.
However, ASHRAE 90.1-2010 addresses the standby energy
used by elevators as a requlated load. Secton 10.43 defnes
the energy consumption of e pars of the slevator

10.4:31 Lighting — Al cab fighting systems shallFave an eff-
‘cacy of ot less than 35 kumens per watt.

10.4:3.2 Ventiation - Cab ventiatin fans fo elevators wihout
aircondiioning shal ot consume over 0.33 WICFM at maxt-
mum speed

10,433 Standby Mods — When siopped and unoccupied wih
oors closed for over 15 minutes, cab interor ighting and ven-
tation shall be de-energized un required for operation.
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2015 Intemational Energy Conservation Code (IECC):
‘Section C405.9 of e [ECC has identcal requiremens o Sec-
ton 10.4.3 of ASHRAE 90.1.In additon to those requirements
that directly aflct elevator energy consumption the [ECC aso
has several requirements about arseaiing the elevator shaft

1. Doorsto elevatorlobbies shall be gasketed o weather-
stipped. (Secton C4025.4)

2. Bevator shaft vents snall be provided with a motonzed
damper tat s automaticaly controled o be closed
‘whenever possible. (Sectons C40255 and CA03 24 3)

2012 Inernational Groen Construction Code (19CC): Sec-
on 609.2.1 f the 1gCC gives several requitements for ieva-
tor energy consumpton. The requirements fo ighing (Section
60921.1) and ventiation (Secton 609.2.13) are identcal to
ASHRAE 90.1 Secton 10.4.3. The IgCC gives addtonal gud-
‘ance for the ollowing parts of the levator:

609.2:1.2 Power conversion system forraction slevators:

6021.2.1 Motor - Inducton motors with a Class 1E2
efficency rating, as defined by [EC EN 60034-20, or aer-
native technologies, such as permanent magne synchio-
nous motors that have equal or better effcency, shal be
used.

60.2.1.22 Transmission — Transmissions shall not re-
duce the effiency of the combined molorfransmission
below that snown forthe Class IE2 motor. Geariess ma-
chines shall be assumed to have a 100-percent ransmis-
sion effciency.

60321.2:3 Drive ~ Potential energy released during mo-
ton shal be recovered.

60921.4 Standoy mode — When the sievator s siopped. not
‘occupied, and wih doors closed, ihting, ventiation, and cab.
isplays shall be capable of being de-energized wihn 5
‘minutes of stopping, and re-energized prior to opening the
‘doors. Power shal cease to be appiied 0 the door motor after
the elevator i stopped, ihting  de-eneroized, and o one is
nthe cab, and re-energized upon the next passenger amval.
0 bulGings wih multple elevalors senving the same loors,
ot less than hafof the elevators shal b capabe of switching
to'ieep, low-power mode, during periods ofow raffc.

NEWYORK | NYSERDA

1609215 Guides - Blevator car uides shallbe ofthe roller
type, in order o reduce fictional energy losses. Counter-
‘Weights wih siing guides shal be balanced i rder 10 k-
mize fictonal losses associated wih the counterweight
udes.

VDI 4707: The German association of engineers, Verein
Deutscher ingerieure (VDI), publshed VDI 4707 in 2009 (Part
1)and 2013 (Part 2) These comprehensive guideines cover

all parts o elevator energy consumption, incuding the percent-
age oftme that the eevator is n motin, how much eneray the.
‘levator consumes i both standby and fravel modes, and how.
1o measure and calcate slectricty consumpton. The gude-

ines divide elevators Into classes based on how much energy
they consume. Classes are absled A-G, with A using the least
‘amountof energy. Table 2 ges the energy demand for each

class for both stanaby and travel mode.

Travel power
(mWhkg.m)
=50 =08

Class  Standby power (watts)

=100 =12
=0 =18
<400 <27
<800 =40
<1600 60

o mmoow® >

> 1600 60

Table 2 VI 4707 Enargy Demand by Clase

150 25745 This standard is reportediy simila in scope to
VDI 4707+
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RECOMMENDED ENERGY CONSERVATION
MEASURES

Replacng slevator dive systems for energy savings alone.
has not been shown o be costeffectie (Fat s, fo have @
Savigs-to-nvestment rato greater than 1.0). There are two
ISsues: st levators do not use very much electncty, and
therefore even elevator replacements that save 40-60% of e
total elevator eectricty consumpton will nly save an estmat-
‘ed Tew thousand kiowatt-nours per yearfor a singe eleva-
tor One study of an elevator replacement in a hotel found a
reducton i energy consumption of 45% and calcuiated annu-
al savings of $500/year (atS0.10MWN)* This was a best.case
replacement where the exsting system was very nefficent
and they were able o nstala very efficient replacement.

The second ssue preventing elevator eplacements fom be-
ng costeffective s that  can be very expensive to Upgrade
an elevator. Elevators are most ofien designed systems - not

than simpiy swapping out the motor and controks. For exam-
ple, n some juisdictions, an elevator repiacement can ingger
the requirement that every anding be made accessible for
Peopie in wheelchais, which incudes lowering the elevator
cal button on each floor by several inches. fan elevator ener-
9y upgrade i planned, we recommend checking wih an sle-
Vator consitant when formuatig the work scope. A very
rough guide forelevator Upgrades s o budget $15,000 per
floor per slevator”

The low energy savings and high costof renovation often re-
Sultin very long paybacks for Slevator upgrade measures. For
‘exampe, instaling a machine ooMHess slevator n new con-
structon and exsting buldngs can have a payback as long as
23 years and 60 years, respectvely.”

Elevators are somefimes repiaced becauss they reach the
‘end of their useful e, or because a bulking s undergoing
substantial ther renovatons. in those cases, and n all new
constructon, s prudent o consiler instaling a hgh-
effcency slevatorsystem. Just Ik here are many factors
that affect sevator energy consumpton, here are several
parts of the elevator system that affect e overal effcency.

« Hoist mechanism -~ ydrauic elevators should be avided
s they are e least fficent and least resient, type of
elevator, Machine foom-ess elevators may be 3 good
opion or eplacng hycraulc elevators, athough they are
more expensive o nstal.

NEW YORK

STATE OF
oy
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+ Drive motor efficency —a high-efficiency diive motor

‘shoud be installed. The table below shows the efficiency
of a varety of common diive moor types.

s 19 ®

symenvonous motor

Tabie 3 Drve motor eiciencies
Unis o imputrequied for 10 une ofcutpuf

+ Control type —the contros shoud be the most efficent
possil. Figurs 4 $hows the possile energy savings for
Various contros.
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+ Machine roomess (MRL) elevators — MRL elevators are:
considered the mosteffcient avalabe technology. They.
use several advances to reduce electricty consumpton,
including exiremely effcent mofors and new cable mater-
ais that alow for smafler pulleys and reduced forque re-
Quirements. MR elevators are abie fo use much smaller
motors: alow-ise MRL elevator mght require 3 10 HP
motor, where the equvalent racton or yarauic slevator
‘Would requre 40 HP or 60 HP motor,respechively. Ao,
the lack of a machine room eiminates the need for an air
conditoner in the machine room and also reduces stack
effectand infiration losses.

+ Regeneration - fom the table and igurs abov, s cear
that regeneration can save considerable energy. Howev-
er, s expensive 1o nstall and therefore shoud be evalu-
ated for appropriateness for each elevator system indvid-
waly.

As mentioned abov, the standby energy consumed when the.
cab s statonary can account for wel over hal of the otal en-
gy consumed in many multfamiy buidings. Also, educing
Standby energy can be signficant less expensive than re-
placing an entre elevator. We herefore recommend consicer-
ation of he folowing measures in any buldng wih an eeva-
tor.

+ Motor-generator sefs — elevatorsystems with motor-
(eneralor sets have especial high standby power con-
‘sumption because of the electicty used by the molor-
‘generator sstwhen s ding. Motor-generator sets
Should be placed on a time that tums the MG setof after
the cab has been stasonary for 5-10 minutes. Sometimes.
tmers existbut are not workig: t's shou be venfied on
ste.

+ Cab lghs — replace existng lights wth high-eficiency
fuorescent or LED ftures. The minimum eficacy should
be 35 Jumens per watt.Instal an occupancy sensor in
each cab o tum the ghts offwhen no one s n the eleva-
tor,

« Cab ventiation —a fan I the slevator cab s generally not
required by code, 50 & Should be isconnected of e-
moved. I builing management s uncomfortable remov-
ing the fan, connec 10 an occupancy sensar so it only
Tuns when there s someone in he cab Make sure the fan
uses a maimum of 0.33 Wicim.

NEWYORK | NYSERDA

+ Door operators — the elevator cab doors must stay cosed
Whenthe cab s in motion. Some systems use a staled
motor o hold the doors closed, which means that enery
s beng consumed al the ime  Any system that uses 3
stalled mofor should b retrofit wth @ mechanism that
‘does not require consant energy.

« Shafairseaiing - eevators act s lage aif pumps, push-
ng a considerable volume of conditoned ai out o the
bulding each tme they move. This loss of condtioned air
can be minimized in several ways. For exampe:

« Airsealthe machine room. flouvers are required
by the ocalfr code, install motorzed louvers.
that remain cosed unti smoke s detected.

= Reduce the open area around the slevator ca-
bles where the cables pass through the machine
room flor o the minmu required by code.

+ Weatherstrp the elxator doors at each ioor

» Elevator machine room cooling — some slevator control
‘systems require that they not ge 0o hot, so many eleva-
tor machine rooms have air conditioners. However, eleva-
tor machine rooms often have louvers o the ouside.
‘which means the air conditoners run allthe tme i the
‘warmer months. Futhemore,in many machine fooms the
air condiioners are el 0 emperatures that are much
ower than required by the equipment Reduce the amount
‘of energy neeged forcoing the machine room by

« Airsealing the machine room as escribed
above.

= Confiming wih he elevator control manufacturer
the maxmum allwable tenperature and seting
he AG thermosiat o justa few degrees below.
that temperature.

« ifmolorized louvers are nstaled in the machine:
room wal, use them as an economizer 1o take.
‘advantage of days when e outside tenperature
Is cooler than the temperature n he machine
room.

In buildings with hydrauic elevators, he relevant recommer-
dations above shoukd be investiated. Additonal, he folow-
ing measures shouid be considered:
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Trip speed - Reduce the speed ofthe cab as 1 travels up,
and increase the speed of the cab as I travels down. The
Tounc-11p ravel tme does ot change. A smaller motor

anthen be installd, and savings of 20% are possive. ™

'VYF diive on the pump motor - Usng a VWF dive on
the pump molor can reduce the amound of secticity con-
sumed by the cevator by 30% when the elevaor s
moton. Starting cutent s 2 reduced. VWV dves
increase the amount of energy used n standoy mode,
however, 5o they need fo be carefuly compared f0a sin-
‘go-speod molor, espacally n buldings wih ow olevator
usage.

Hydraulc accumulators - nstead of the potental eneray
of owering the cab being dissipated as heal.f can be.
stored i a badder type hydrauic accumuator. The accu-
muator releases the energy back o te system 1o help
Faise the cab. Manufacurers ciaim savings of 70% when
the cab s in moson.”

NEWYORK | NYSERDA
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Indoor Temperature

There are two important steps to take when modeling indoor temperature reduction as an energy
efficiency measure:

1) Determine a realistic assumption of the existing average indoor temperature.
2) Determine a realistic assumption of the new average indoor temperature and whether the
technology proposed can achieve that temperature.

Assumed existing temperature (hefore the improvement)

If your model assumes an average mdoor temperature of 73 F or lugher for a majonty of heated areas,

then 1t should be supported by a record of indoor temperatures measured from multiple locations in the
building. It 1s usually not realistic to assume 73 F or higher for the entire building based on only 2 or 3
temperature measurements. even if the building management claims that the building is overheated.

Assumed indoor temperatures resulting from the improvement

The following table illustrates the likely average indoor temperatures in buildings that allow resident
controlled temperature, such as installing resident-controlled thermostatic radiator valves (TRVs) or
programmable thermostats.

Building Type Typical Min. Temp.
Master-metered heat T4F
Tenant-paid heat TEE

If you recommend an improvement that includes a specific upper-limit to indoor temperatures, such as
range-limited thermostats, then the improved indoor temperature should be modeled as no less than the
upper limt. Also keep 1n mind that building managers may icrease the upper limts to 72 F or hugher
for the followmng reasons: reduce resident complamnts, increase marketability, reduce resident tumowver.
reduce vandalism of range-limiting equipment by residents, reduce usage of electric space heaters by
residents.

Summary

1. Ifresidents are provided unlmited apartmenti-level control over heat. the seasonal average
indoor temperature will rarely be below 74 F in buildings with owner-paid utilities or 72 F n
buildings with resident-paid utilities.

2. Buildings that are reportedly overheated are typically overheated only in some sections of the
building. The overall average temperature for the entire building is typically not found to be
more than 76 F in buildings with owner-paid utilities.

3. Replacement of non-programmable thermostats with programmable thermostats will likely
generate zero energy savings, especially if utility bills are not paid by the residents.

Thus information is provided as a summary to the Technical Topics discussion in March 2008
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Summary
Proper characterization of the building envelope is critical to any energy reduction plan that includes
changes in insulation. This Tech Tip deseribes how fo calculate the cffective U-value of a building,
assembly and discusses de-rating insulation.

Calculating the Effective U-

alue of a Building Assembly

Many people are more familiar with R-values than with U-values because insulation comes labeled with
Revalue satings. R-value expresses the resistance to heat transfer. The U-value is the sate of heat transfer
per unit arca per degree of temperature difference, and is the inverse of the R-value. That is, U=1/R and
R=1/U.

If different cross-sections through a building assembly such as a wall, roof, or floor have different R-
values, the effective R-value for that surface must be calculated by first calculating the U value of cach
different cross-section. TREAT and eQuest offer libraries with R-values for different building surfaces.
Here is how those R-values can be calculated for a wood fiame stucco wall with nominal 2” x4
framing, 3.5 fiberglass batt insulation.

‘The R-value at a cross-section through the Material Rvalue’
insulation s higher than the R-value of the Outside air filr 017
insulation itself Sk 008
Gypsum board 0.36
Batt insulation (nomnal rating) | 11.00
Gypsum board 036
Taside air film 0.68
Total R 13.05
U value 0.08
The R-value of a cross-section at the framing Material Rvalue’
is lower than the R-value of the insulation. Outside air filny 017
Stucco 0.08
Gypsum board 036
3.5" wood (nominal 2 x4) | 438
Gypsum board 036
Tuside air film 0.68
Total R 643
U value 016

" Revalues for insulation and building materials can be found in ASHRAE Fuadamentals as well as many sources on the
Internet.

* Different modeling tools handie air Slms differently. For TREAT, calculate R-values withot inferior or exterior air films,
as they will be added later. For eQuest, omit the exterior air film from your calculation. For ofher tools, consult your mamal.

T Do ToN S st i W el Tokics Mbichiioe i Noaber 2008
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Cut Sheets: Defined

As part of a project’s pariiipation in the Mulifamily Perior-
‘mance Program (MPP), cut sheels are required to be submit-
tod for each energy conservation measure completed. Details
regarding this requirement can be found in the Inspecton
"Request Documentation Requirements, included in the MPP.
‘Comprehensive Option Guidelines.

A cut sheet,also known as a data sheet, technical data shest,
‘andor speciication sheet, is a document that summarizes the
information and characteristics of a product, materia, or iece.
of equipment. Cut sheets are frequently used in the consiruc-
tion Industry 1o verfy that a product will meet the require-
ments of a project, which are listed in the specifications, do-
Sign crawings, andlor scope of work. Verifying that the ro.
quirements are met is especially important for energy efficien-
cy projects, where energy savings are dependent on the cor-
rect products being installed.

Example of Solar Photovoltaic cut shest from manufacturer
Photo Courtesy of Home Power Inc.

Where can you find a cut sheet?

‘They can be found on the manufacture’s website, or are often

Multifamilv Building Solutions Network

a0 rough the suppler wnere he procuct was pur-
Ghased. Wnen looking onlne, Iook for the Techmica Decu-
Cut sheets are developed by manufactur- s, Literatre, o Catalogs secton of he manufacture or
ers and typically st 2 varlety of character- SUppiers websi, Cut sheets ars oien only 1-2 pages ong
istics about the product, Including at least andare ypicaly m FOF fomat
CERDCRENETETR When should you review cut sheets?
* General Description 1t s srongly recommended tht you obtan and review cut
+ Benetis Shets rom the msaling conractor pror o he products being
ordered and instalec. Ag a Prowider 1 your responsiiy 1o
. e these it Shests 1o confm that e procucs proposed
(o= il deliver the energy savings projected in the energy audit
o Rarm i anergy mosel. Reviewing o sneets prio 1o product o
Gering an mstalaton wil prevent icorrect o oteruice under
« Physical Properties eriorming products fom bei nstatec.
* Installation Guidelines ‘Submitting your cut sheet
O T When submitting a cut sheet as part of an Inspection Request
o Ratings for WP, b surd ha the submital incuges he olowing mior
maton ata mimmum:
« Certcations
1. Manufacturer
* Controls/Setiings
2. Model Number
« Options
3. Any specifc features andioroptions thatwere instaled
Sizes 4. Relevant informatin.
o Models erersy aing
See Appencx A for a st of enrgy corseation messures
nergy ratng mormaton nat NYSEROA ox.
e o e et o

y 1
‘September 21, 2017
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Appendix A. Energy Rating included n Cut Sheet
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