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New Jersey Clean Energy Program 

Protocols to Measure Resource Savings 
 

Introduction 
 

These protocols have been developed to measure resource savings, including electric 

energy capacity, natural gas, and other resource savings, and to measure electric energy 

and capacity from renewable energy and distributed generation systems.  Specific 

protocols for determination of the resource savings or generation from each program are 

presented for each eligible measure and technology.   

 

These protocols use measured and customer data as input values in industry-accepted 

algorithms.  The data and input values for the algorithms come from the program 

application forms or from standard values.  The standard input values are based on the 

recent impact evaluations and best available measured or industry data applicable for the 

New Jersey programs when impact evaluations are not available.   

 

Purpose 

These protocols were developed for the purpose of determining energy and resource 

savings for technologies and measures supported by New Jerseyôs Clean Energy 

Program.  The protocols will be updated from time to time to reflect the addition of new 

programs, modifications to existing programs, and the results of future program 

evaluations.  The protocols will be used consistently statewide to assess program impacts 

and calculate energy and resource savings to: 

 

1. Report to the Board on program performance 

2. Provide inputs for planning and cost-effectiveness calculations 

3. Provide information to regulators and program administrators for determining 

eligibility for administrative performance incentives (to the extent that such 

incentives are approved by the BPU) 

4. Assess the environmental benefits of program implementation 

 

Resource savings to be measured include electric energy (kWh) and capacity (kW) 

savings, natural gas savings (therms), and savings of other resources (oil, propane, water, 

and maintenance), where applicable.  In turn, these resource savings will be used to 

determine avoided environmental emissions.  The Protocols are also utilized to support 

preliminary estimates of the electric energy and capacity from renewable energy and 

distributed generation systems and the associated environmental benefits.  Note, 
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however, that renewable energy protocols are different from those required for REC 

certification in the state of New Jersey. 

 

The protocols in this document focus on the determination of the per unit savings for the 

energy efficiency measures, and the per unit generation for the renewable energy or 

distributed generation measures, included in the current programs approved by the Board.   

The number of adopted units to which these per unit savings or avoided generation apply 

are captured in the program tracking and reporting process, supported by market 

assessments for some programs.  The unit count will reflect the direct participation and, 

through market assessments, the number of units due to market effects in comparison to a 

baseline level of adoptions.  The protocols report gross savings and generation only.  Free 

riders and free drivers are not addressed in these Protocols.  Further research in this area 

is planned. 

 

The outputs of the Protocols are used to support: 

¶ Regulatory Reportingreporting 

¶ Cost Effectiveness Analysis-effectiveness analysis 

¶ Program Evaluationevaluation 

¶ Performance Incentivesincentives for the Market Managersmarket managers 

 

These Protocols provide the methods to measure per unit savings for program tracking 

and reporting.  An annual evaluation plan prepared by the Center for Energy, Economic 

and Environmental Policy (CEEEP)NJCEP Evaluation Contractor outlines the plans for 

assessing markets including program progress in transforming markets, and to update key 

assumptions used in the Protocols to assess program energy impacts.  Reporting provides 

formats and definitions to be used to document program expenditures, participation rates, 

and program impacts, including energy and resource savings.  The program tracking 

systems, that support program evaluation and reporting, will track and record the number 

of units adopted due to the program, and assist in documenting the resource savings using 

the per unit savings values in the Protocols.  Cost benefit analyses prepared by CEEEP 

and other evaluation contractorsNJCEP EvaluationContractors assesses the impact of 

programs, including market effects, and their relationship to costs in a multi-year 

analysis.   

Types of Protocols 

In general, energy and demand savings will be measured using measured and customer 

data as input values in algorithms in the protocols, tracking systems, and information 

from the program application forms, worksheets, and field tools. 

 

The following table summarizes the spectrum of protocols and approaches to be used for 

measuring energy and resource savings.  No one protocol approach will serve all 

programs and measures. 
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Summary of Protocols and Approaches 

 

Type of 

Measure 

Type of 

Protocol General Approach Examples 

1.  Standard 

prescriptive 

measures  

Standard formula 

and standard 

input values 

Number of installed 

units times standard 

savings/unit 

Residential lighting  

(number of units 

installed times 

standard savings/unit) 

 

2.  Measures 

with important 

variations in one 

or more input 

values (e.g., delta 

watts, efficiency 

level, capacity, 

load, etc.) 

Standard formula 

with one or more 

site-specific 

input values 

Standard formula in 

the protocols with one 

or more input values 

coming from the 

application form, 

worksheet, or field 

tool (e.g., delta watts, 

efficiency levels, unit 

capacity, site-specific 

load) 

Some prescriptive 

lighting measures 

(delta watts on the 

application form times 

standard operating 

hours in the protocols) 

 

Residential Electric 

HVAC (change in 

efficiency level times 

site-specific capacity 

times standard 

operating hours) 

 

Field screening tools 

that use site-specific 

input values 

 

Customer On-Site 

Renewable Energy  

 

3.  Custom or  

site-specific 

measures,  

or measures  

in complex 

comprehensive 

jobs 

 

Site-specific 

analysis 

Greater degree of site-

specific analysis, 

either in the number of 

site-specific input 

values, or in the use of 

special engineering 

algorithms, including 

building simulation 

programs 

Custom 

 

Industrial process 

 

Complex 

comprehensive jobs 

(P4P) 

 

CHP 

 

Customer-Tailored 

Pilot 

Formatted:  Space Before:  6 pt, After:   3 pt

Formatted:  Font: Not Bold

Formatted:  Space After:   1 pt

Formatted  Table

Formatted:  Space After:   2 pt

Formatted:  Space Before:  3 pt, After:   3 pt

Formatted:  Space Before:  3 pt, After:   3 pt

Formatted:  Space Before:  3 pt, After:   3 pt

Formatted:  Space Before:  3 pt, After:   3 pt

Formatted:  Space Before:  3 pt, After:   3 pt

Formatted:  Space Before:  3 pt, After:   3 pt

Formatted:  Space Before:  3 pt, After:   3 pt

Formatted:  Space Before:  3 pt, After:   3 pt



New Jerseyôs Clean Energy Program Page 11 

Protocols to Measure Resource Savings 

 

Three or four systems will work together to ensure accurate data on a given measure: 

  

1. The application form that the customer or customerôs agent submits with basic 
information. 

2. Application worksheets and field tools with more detailed site-specific data, input 

values, and calculations (for some programs). 

3. Program tracking systems that compile data and may do some calculations.  

4. Protocols that contain algorithms and rely on standard or site-specific input values 

based on measured data.  Parts or all of the protocols may ultimately be 

implemented within the tracking system, the application forms and worksheets, 

and the field tools. 

Algorithms 

The algorithms that have been developed to calculate the energy and or demand savings 

are driven by a change in efficiency level for the installed measure compared to a 

baseline level of efficiency.  This change in efficiency is reflected in both demand and 

energy savings for electric measures and energy savings for gas.  Following are the basic 

algorithms. 

 

Electric Demand Savings = DkW = kWbaseline - kWenergy efficient measure 

 

Electric Energy Savings = DkW X EFLH 

 

Electric Peak Coincident Demand Savings = DkW X Coincidence Factor 

 

Gas Energy Savings = DBtuh X EFLH 

 

Where:   

EFLH = Equivalent Full Load Hours of operation for the installed measure.  Total 

annual energy use (kWh) of an end use over a range of operating conditions 

divided by the connected full load of the end use in kW. 

 

DBtuh = Btuhbaseline input ï Btuhenergy efficient measure input 

 

Other resource savings will be calculated as appropriate. 

 

Specific algorithms for each of the program measures may incorporate additional factors 

to reflect specific conditions associated with a program or measure.  This may include 

factors to account for coincidence of multiple installations, or interaction between 

different measures. 
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When building simulation software programs are used to develop savings estimates for 

several measures in a comprehensive project, as in the Pay for Performance Program, the 

specific algorithms used are inherent in the software and account for interaction among 

measures by design.  Detailed Simulation Guidelines have been developed for the Pay for 

Performance Program and are included in the Pay for Performance Program Guidelines.  

These Guidelines should be followed when building simulation is used to develop 

savings estimates.  As stated in the Guidelines, simulation software must be compliant 

with ASHRAE 90.1 2004 Section 11 or Appendix G. 
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Data and Input Values 

The input values and algorithms in the protocols and on the program application forms 

are based on the best available and applicable data for the New Jersey programs.  The 

input values for the algorithms come from the program application forms or from 

standard values based on measured or industry data.   

 

Many input values, including site-specific data, come directly from the program 

application forms, worksheets, and field tools.  Site-specific data on the application forms 

are used for measures with important variations in one or more input values (e.g., delta 

watts, efficiency level, capacity, etc.). 

 

Standard input values are based on the best available measured or industry data, including 

metered data, measured data from prior evaluations (applied prospectively), field data 

and program results, and standards from industry associations.  The standard values for 

most commercial and industrial measures are based on recent impact evaluations of New 

Jersey Programs. 

 

For the standard input assumptions for which metered or measured data were not 

available, the input values (e.g., deltaD watts, deltaD efficiency, equipment capacity, 

operating hours, coincidence factors) were based on the best available industry data or 

standards.  These input values were based on a review of literature from various industry 

organizations, equipment manufacturers, and suppliers. 

 

For larger, comprehensive projects, as in the Pay for-Performance Program, measurement 

and verification (M&V) protocols are followed to better estimate site-specific energy use 

for the pre- and post-retrofit conditions.  Guidelines for developing an M&V plan and 

protocols to follow for conducting M&V are included in the Pay for Performance 

Program Guidelines, available on the NJ Office of Clean Energy website at 

www.njcleanenergy.com.  These guidelines and protocols should be followed when 

M&V is  conducted to determine energy use for either the pre- or post-retrofit period.  

 

Program evaluation will be used to assess key data and input values to either confirm that 

current values should continue to be used or update the values going forward. 

Baseline Estimates 

For most efficiency programs and measures, the D kW, D kWh, and gas energy savings 

values are based on the energy use of standard new products vs. the high efficiency 

products promoted through the programs.    The approach used for the new programs 

encourages residential and business consumers to purchase and install high efficiency 

equipment vs. new standard efficiency equipment.  The baseline estimates used in the 
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protocols are documented in the baseline studies or other market information.  Baselines 

will be updated to reflect changing codes, practices and market transformation effects. 

 

For the Direct Install and Low Income programs, some D kW, D kWh, and gas energy 

savings values are based on high efficiency equipment versus existing equipment, where 

the programs specifically target early retirement or upgrades that would not otherwise 

occur.  Protocols for the Direct Install Program include degradation tables to calculate the 

efficiency of the replaced unit.   

 

The Pay for Performance Program is a comprehensive program that requires participants 

to implement energy efficiency improvements that will achieve a minimum of 15% 

reduction in total source energy consumption.  Due to the building simulation and 

measurement and verification (M&V) requirements associated with this Program, the 

baseline is the existing energy consumption of the facility, as reported through the U.S. 

EPAôs Portfolio Manager benchmarking software.  

 

Renewable energy and distributed generation program protocols assume that any electric 

energy or capacity produced by a renewable energy or distributed generation system 

displaces electric energy and capacity from the PJM grid. 

Resource Savings in Current and Future Program Years 

The Protocols support tracking and reporting the following categories of energy and 

resource savings: 

 

1. Savings or generation from installations that were completed in the program year 

and prior program years due to the programôs direct participation and documented 

market effects.  

2. Savings or generation from program participant future adoptions due to program 

commitments. 

3. Savings or generation from future adoptions due to market effects. 

Prospective Application of the Protocols 

The protocols will be applied prospectively.  The input values are from the program 

application forms and standard input values (based on measured data including metered 

data and evaluation results).  The protocols will be updated periodically based on 

evaluation results and available data, and then applied prospectively for future program 

years. 
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Resource Savings 

Electric 

Protocols have been developed to determine the electric energy and coincident peak 

demand savings. 

 

Annual Electric energy savings are calculated and then allocated separately by season 

(summer and winter) and time of day (on-peak and off-peak).  Summer coincident peak 

demand savings are calculated using a demand savings protocol for each measure that 

includes a coincidence factor.  Application of this coincidence factor converts the 

demand savings of the measure, which may not occur at time of system peak, to demand 

savings that is expected to occur during the Summer On-Peak period.  These periods for 

energy savings and coincident peak demand savings are defined as: 

 

 Energy Savings Coincident Peak 

Demand Savings 

Summer May through September June through August 

Winter  October through April NA 

On Peak (Monday - 

Friday)  

8:007 a.m. to 8:0011 

p.m. 

12:00 p.m. to 8:00 p.m. 

Off Peak  M-F 8:0011 p.m. to 

8:007 a.m. 

All day weekends and 

holidays 

NA 

 

The time periods for energy savings and coincident peak demand savings were chosen to 

best fit the seasonal avoided cost patterns for electric energy and capacity that were used 

for the energy efficiency program cost effectiveness purposes.  For energy, the summer 

period May through September was selected based on the pattern of avoided costs for 

energy at the PJM level.  In order to keep the complexity of the process for calculating 

energy savings benefits to a reasonable level by using two time periods, the knee periods 

for spring and fall were split approximately evenly between the summer and winter 

periods.   

 

For capacity, the summer period June through August was selected to match the highest 

avoided costs time period for capacity.  The experience in PJM and New Jersey has been 

that nearly all system peak events occur during these three months.  Coincidence factors 

are used to calculate energy efficiency factors on peak demand.  Renewable energy and 

distributed generation systems are assumed to be operating coincident with the PJM 

system peak.  This assumption will be assessed in the impact evaluation. 
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Natural Gas 

Protocols have been developed to determine the natural gas energy savings on a seasonal 

basis.  The seasonal periods are defined as: 

 

Summer -ï April through September 

 

Winter -ï October through March 

 

The time periods for gas savings were chosen to best fit the seasonal avoided gas cost 

pattern that was used for calculating energy efficiency program benefits for cost 

effectiveness purposes.  However, given the changing seasonal cost patterns for gas 

supply, different time periods may be more appropriate to reflect a current outlook for the 

seasonal pattern, if any, at the time that the avoided cost benefits are calculated.  The 

seasonal factors used in the following protocols that correspond to the above time periods 

reflect either base load or heating load usage.  In the case of base load, one twelfth of the 

annual use is allocated to each month.  In the case of heating load, the usage is prorated to 

each month based on the number of normal degree-days in each month.  This approach 

makes it relatively easy to calculate new seasonal factors to best match different avoided 

cost patterns. 

Other Resources 

Some of the energy savings measures also result in environmental benefits and the saving 

of other resources.  Environmental impacts are quantified based on statewide conversion 

factors supplied by the NJDEP for electric, gas, and oil energy savings. Where 

identifiable and quantifiable these other key resource savings, such as oil, will be 

estimated.  Oil  and propane savings are the major resources that have been identified.  If 

other resources are significantly impacted, they will be included in the resource savings 

estimates. 

Post-Implementation Review 

Program administrators will review application forms and tracking systems for all 

measures and conduct field inspections on a sample of installations.  For some programs 

and jobs (e.g., custom, large process, large and complex comprehensive design), post-

installation review and on-site verification of a sample of application forms and 

installations will be used to ensure the reliability of site-specific savings estimates. 

Adjustments to Energy and Resource Savings 

Coincidence with Electric System Peak 

Coincidence factors are used to reflect the portion of the connected load savings or 

generation that is coincident with the electric system peak. 
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Measure Retention and Persistence of Savings 

The combined effect of measure retention and persistence is the ability of installed 

measures to maintain the initial level of energy savings or generation over the measure 

life.  Measure retention and persistence effects were accounted for in the metered data 

that were based on C&I installations over an eight-year period.  As a result, some 

protocols incorporate retention and persistence effects in the other input values.  For other 

measures, if the measure is subject to a reduction in savings or generation over time, the 

reduction in retention or persistence is accounted for using factors in the calculation of 

resource savings (e.g., in-service rates for residential lighting measures, degradation of 

photovoltaic systems). 

Interaction of Energy Savings 

Interaction of energy savings is accounted for in certain programs as appropriate.  For all 

other programs and measures, interaction of energy savings is zero.   

 

For the Residential New Construction program, the interaction of energy savings is 

accounted for in the home energy rating tool that compares the efficient building to the 

baseline or reference building and calculates savings. 

 

For the Residential and Commercial and Industrial Efficient Construction program, the 

energy savings for lighting is increased by an amount specified in the protocol to account 

for HVAC interaction.    

For commercial and industrial custom measures, interaction where relevant is accounted 

for in the site-specific analysis.  In the Pay for Performance Program, interaction is 

addressed by the building simulation software program. 

Calculation of the Value of Resource Savings 

The calculation of the value of the resources saved is not part of the protocols.  The 

protocols are limited to the determination of the per unit resource savings in physical 

terms. 

 

In order to calculate the value of the energy savings for reporting and other purposes, the 

energy savings are determined at the customer level and then increased by the amount of 

the transmission and distribution losses to reflect the energy savings at the system level.  

The energy savings at the system level are then multiplied by the appropriate avoided 

costs to calculate the value of the benefits. 

 

System Savings = (Savings at Customer) Xx (T&D Loss Factor) 

 

Value of Resource Savings = (System Savings) Xx (System Avoided Costs + 

Environmental Adder) + (Value of Other Resource Savings) 
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The value of the benefits for a particular measure will also include the value of the water, 

oil, maintenance and other resource savings where appropriate.  Maintenance savings will 

be estimated in annual dollars levelized over the life of the measure. 

Transmission and Distribution System Losses 

The protocols calculate the energy savings at the customer level.  These savings need to 

be increased by the amount of transmission and distribution system losses in order to 

determine the energy savings at the system level.  The following loss factors multiplied 

by the savings calculated from the protocols will result in savings at the supply level. 

Electric Loss Factor 

The electric loss factor applied to savings at the customer meter is 1.076081
1,2

 for both 

energy and demand.  The electric system loss factor was developed to be applicable to 

statewide programs.  Therefore, average system losses at the margin based on a 10 year 

(2001 to 2010) average of the New Jersey state electricity supply and disposition dataset 

from the U.S. Energy Information Administration (EIA).  

Gas Loss Factor 

The gas loss factor is 1.0.  The gas system does not have losses in the same sense that the 

electric system does.  All of the gas gets from the ñcity gateò (delivery point to the 

distribution system) to the point of use except for unaccounted for gas (such as theft), gas 

lost due to system leakage or loss of gas that is purged when necessary to make system 

repairs.  Since none of these types of ñlossesò is affected by a decrease in gas use due to 

energy efficiency at the customer, there are no losses for which to make any adjustment.  

Therefore, a system loss factor of 1.0 is appropriate for gas energy efficiency savings. 

 

These electric and gas loss factors reflect losses at the margin and are a consensus of the 

electric and gas utilities. 

Calculation of Clean Air Impacts 

The amount of air emission reductions resulting from the energy savings are calculated 

using the energy savings at the system level and multiplying them by factors developed 

by the New Jersey Department of Environmental Protection (NJDEP).Pennsylvania-New 

Jersey-Maryland Interconnection (PJM)  for electric emissions and US EPA for natural 

gas emissions. 

 

                                                 

 
1
 JPC&L, Summary of reconciliation factors January 1, 2017 ï December 31, 2017. 

2
 PSE&G Rate Class & Loss Factor Information 
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System averagemarginal on-peak air electric emissions reduction factors provided by the 

NJDEPPJM are
3
: 

 

Electric Emissions Factors 

Emissions 

Product 

Jan 2001-June 2002 July 2003-February 

2014  

March 2014 - 

Present 

CO2Emission

s 

Product 

1.1 lbs2014 

Lbs per kWh 

savedMWh  

1,520 lbs2015 

Lbs per MWh saved 

20161,111.79 lbs 

Lbs per MWh 

saved 

NOXCO2 6.42 lbs per metric ton 

of CO2 saved1,646 

2.8 lbs per MWh 

saved1,647 

0.95 lbs per MWh 

saved1,617 

NOX 1.74 1.80 1.48 

SO2 10.26 lbs per metric 

ton of CO2 saved5.2 

6.5 lbs per MWh 

saved3.34 

2.21 lbs per MWh 

saved1.73 

Hg 0.00005 lbs per metric 

ton of CO2 saved 

0.0000356 lbs per 

MWh saved 

2.11 mg per MWh 

saved 

 

 

System natural gas emissions reduction factors provided by US EPA are
4
: 

Natural Gas Emissions Factors 

Emissions 

Product Jan 2001-June 2002Current  

July 2003-Present 

CO2 NA118 Lbs/MMBtu 11.7 lbs per therm 

saved 

NOX NA 0.0092 lbs per therm saved0.12 Lbs/MMBtu (averaged across all boilers) 

SO2 0.0006 Lbs/MMBtu 

 

All factors are provided by the NJ Department of Environmental Protection and are on an 

average system basis.  They will be updated as new factors become available. 

Measure Lives 

Measure lives are provided in Appendix A for informational purposes and for use in other 

applications such as reporting lifetime savings or in benefit cost studies that span more 

than one year.  The Pay for Performance Program uses the measure lives as included in 

Appendix A to determine measure-level and project-level cost effectiveness. 

                                                 

 
3
 PJM report; ñ2012ï2016 CO2, SO2 and NOX Emission Rates,ò March 2017. http://www.pjm.com/-

/media/library/reports-notices/special-reports/20170317-2016-emissions-report.ashx?la=en 
4
 US EPA AP-42: AP-42, Compilation of Air Pollutant Emission Factors, 5th Edition, Chapter 1.4 Natural 

Gas Combustion https://www3.epa.gov/ttnchie1/ap42/ch01/final/c01s04.pdf. 
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Protocols Revision History 

 

Revision History of Protocols 

Date Issued Reviewer Comments 

October 2017 ERS See ERS Memo, NJCEP Protocols - 

Comparative Measure Life Study and 

Summary of Measure Changes to NJCEP 

Protocols, September 5, 2017. Updated 

October 16, 2017, January 12, 2018. 

May 2018 Program 

Administrator in 

consultation with 

Board Staff 

Revisions to the January 12, 2018 version 

issued by ERS to reflect discussions at 

Utility Working Group Meetings, 

additional comments from Rate Counsel 

and further review of public comments. 

Protocols for Program Measures 

The following pages present measure or project-specific protocols.  In those instances 

where measures are applicable to more than one program, the measures apply to all such 

programs unless otherwise specified. 
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Residential Electric HVAC 

 Protocols 

The measurement plan for residential high efficiency cooling and heating equipment is 

based on algorithms that determine a central air conditioners or heat pumpôs 

cooling/heating energy use and peak demand.  Input data is based both on fixed 

assumptions and data supplied from the high efficiency equipment rebate application 

form.  The algorithms also include the calculation of additional energy and demand 

savings due to the required proper sizing of high efficiency units. 

 

The savings will be allocated to summer/winter and on-peak/off-peak time periods based 

on load shapes from measured data and industry sources.  The allocation factors are 

documented below in the input value table. 

 

The protocols applicable for this program measure the energy savings directly related to 

the more efficient hardware installation.  Estimates of energy savings due to the proper 

sizing of the equipment are also included. 

  

The following is an explanation of the algorithms used and the nature and source of all 

required input data. 

Central Air Conditioner (A/C) & Air Source Heat Pump (ASHP) & Mini -split (AC or 

HP) 

 

Algorithms 

Central Air Conditioner (A/C) & Air Source Heat Pump (ASHP) 

 

Cooling Energy Consumption and Peak Demand Savings ï Central A/C & ASHP (High 

Efficiency Equipment Only): 

 

 Energy ImpactSavings (kWh) = CAPY/1000 X/yr) = Tons * 12 kBtuh/Ton * 

(1/SEERb ï 1/SEERq ) X* EFLHc  
 

Peak Demand ImpactSavings (kW) = CAPY/1000 XTons * 12 kBtuh/Ton *  (1/EERb 

ï 1/EERq ) X* CF  

 

Heating Energy Savings ï (ASHP and Mini-Split): 

 

Energy ImpactSavings (kWh) = CAPY/1000 X/yr) = Tons * 12 kBtuh/Ton * 

(1/HSPFb  - 1/HSPFq ) X* EFLHh  

 

Cooling Proper Sizing and Quality Installation Verification (QIV): 
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Energy Savings for Proper Sizing and QIV 

(kWh p = kWh q/yr) = kWhq * ESF 

 

Cooling Demand Energy Savings for Proper Sizing and QIV 

 

   kWp = (kW/yr) = kWq* DSF 
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Cooling Energy Consumption and Demand Savings ï Central A/C & ASHP (
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During Existing System Maintenance): 

 

Energy Impact (kWh) =  ((CAPY/(1000 XSavings (kWh/yr) = (Tons * 12 kBtuh/Ton 

* SEERm)) X) * EFLHc) X * MF 

 

Peak Demand ImpactSavings (kW) =((CAPY/(1000 X=(Tons * 12 kBtuh/Ton * 

EERm)) X) * CF) X * MF 

 

Cooling Energy Consumption and Demand Savingsï Central A/C & ASHP    (Duct 

Sealing): 

 

Energy ImpactSavings (kWh) = (CAPY/ (1000 X/yr) = (Tons * 12 kBtuh/Ton * 

SEERq)) X) * EFLHc X*  DuctSF 

 

Peak Demand ImpactSavings (kW) = ((CAPY/ (1000 X(Tons * 12 kBtuh/Ton * 

EERq)) X) * CF) X * DuctSF 

 

Ground Source Heat Pumps (GSHP) 

Algorithms 

 

Cooling Energy (kWh) Savings = CAPY/1000 X(kWh/yr) = Tons * 12 kBtuh/Ton  * 

(1/(EERg,b X* GSER) ï (1/ (EERg X* GSER))) X* EFLHc  

 

Peak Demand Savings (kW) = Tons * 12 kBtuh/Ton  * (1/EERg,b ï (1/ (EERg * 

GSPK))) * CF  

 

Heating Energy Savings (kWh) Savings = CAPY/1000 X/yr) = Tons * 12 kBtuh/Ton 

* (1/(COPg,b X* GSOP) ï (1/ (COPg X* GSOP))) X* EFLHh  

 

Peak Demand Impact (kW) = CAPY/1000 X (1/EERg,b ï (1/ (EERg X GSPK))) 

X CF  

GSHP Desuperheater [Inactive 2017, Not Reviewed] 

Energy (kWh) Savings = EDSH  

 

Peak Demand Impact (kW) = PDSH  

 

Furnace High Efficiency Fan 

 

Algorithms 
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Heating Energy (kWh) Savings = ((CAPYq X EFLHHT)/100,000 BTU/therm) 

X(kWh/yr) = (Capq /3.412 kWh/Btu) * EFLHh * FFSHT 

  

Cooling Energy (kWh) Savings (kWh/yr) = FFSCL 

 

Solar Domestic Hot Water (augmenting electric resistance DHW) [Inactive 2017, Not 

Reviewed] 

 

Heating Energy (kWh) Savings = ESavSDHW 

 

Peak Demand Impact (kW) = DSavSDHW x* CFSDHW 

 

Heat Pump Hot Water (HPHW) 

 

Heating Energy (kWh) Savings (kWh/yr) = ESavHPHW  

 

Peak Demand ImpactSavings (kW) = DSavHPHW x*  CFHPHW 

 

Drain Water Heat Recovery (DWHR) [Inactive 2017, Not Reviewed] 

 

Heating Energy (kWh) Savings = ESavDWHR 

 

Peak Demand Impact (kW) = DSavDWHR x* CFDWHR 

 

Definition of Terms 

 

CAPYTons = The rated cooling capacity (output) of the central air conditioner or heat 

pumpunit being installed.  This data is obtained from the Application Form based on the 

model number. 

 

SEERb = The Seasonal Energy Efficiency Ratio of the Baseline Unit. 

 

SEERq = The Seasonal Energy Efficiency Ratio of the qualifying unit being installed. 

This data is obtained from the Application Form based on the model number. 

 

SEERm = The Seasonal Energy Efficiency Ratio of the Unit receiving maintenance 

 

EERm = The Energy Efficiency Ratio of the Unit receiving maintenance 

EERb = The Energy Efficiency Ratio of the Baseline Unit. 
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EERq = The Energy Efficiency Ratio of the unit being installed. This data is obtained 

from the Application Form based on the model number. 

 

EERg,q = The EER of the ground source heat pump being installed.  Note that EERs of 

GSHPs are measured differently than EERs of air source heat pumps (focusing on 

entering water temperatures rather than ambient air temperatures).  The equivalent SEER 

of a GSHP can be estimated by multiplying EERg by 1.02.  

 

EERg,b = The EER of a baseline ground source heat pump 

 

GSER = The factor to determine the SEER of a GSHP based on its EER.  

 

EFLH = The Equivalent Full Load Hours of operation for the average unit. (cooling or 

heating)  

 

ESF = The Energy Savings Factor or the assumed saving due to proper sizing and proper 

installation.  

 

MF = The Maintenance Factor or assumed savings due to completing recommended 

maintenance on installed cooling equipment. 

 

DuctSF = The Duct Sealing Factor or the assumed savings due to proper sealing of all 

cooling ducts 

 

CF = The coincidence factor which equates the installed unitôs connected load to its 

demand at time of system peak.  

 

DSF = The Demand Savings Factor or the assumed peak demand capacity saved due to 

proper sizing and proper installation.  

 

HSPFb = The Heating Seasonal Performance Factor of the Baseline Unit. 

 

HSPFq = The Heating Seasonal Performance Factor of the unit being installed. This data 

is obtained from the Application Form. 

 

COPg,q = Coefficient of Performance of a GSHP 

 

COPg,b = Baseline Coefficient of Performance of a GSHP 

 

GSOP = The factor to determine the HSPF of a GSHP based on its COP.  
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GSPK = The factor to convert EERg to the equivalent EER of an air conditioner to enable 

comparisons to the baseline unit.   

 

EDSH = Assumed savings per desuperheater.  

 

PDSH = Assumed peak demand savings per desuperheater.  

 

ESavSDHW = Assumed energy savings per installed solar domestic hot water system with 

electric resistance heater backup.  

 

DSavSDHW = Assumed demand savings per installed solar domestic hot water system with 

electric resistance heater backup. 

 

CAPYYqCapq = Output capacity of the qualifying heating unit in BTUs/hour 

 

EFLHHTEFLH = The Equivalent Full Load Hours of operation for the average heating 

unit 

 

FFSHT = Furnace fan savings (heating mode) 

 

FFSCL = Furnace fan savings (cooling mode) 

 

kWhp = Annual kWh due to proper sizing 

 

kWhq = Annual kWh usage post-program 

 

kWp = Annual kW due to proper sizing 

 

kWq = Annual kW usage post-program 

 

ESavHPHW = Assumed energy savings per installed heat pump water heater.  

 

DSavHPHW = Assumed demand savings per installed heat pump water heater. 

 

ESavDWHR = Assumed energy savings per installed drain water heat recovery unit in a 

household with an electric water heater.  

 

DSavDWHR = Assumed demand savings per installed drain water heat recovery unit in a 

household with an electric water heater.  
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The 1000 used in the denominator is used to convert watts to kilowatts. 

 

A summary of the input values and their data sources follows: 

Summary of Inputs 

 

Residential Electric HVAC 

 

Component Type Value SourceSour

ces 

CAPYTons Variable Rated Capacity, Tons Rebate 

Application 

SEERb Fixed Split Systems (A/C Baseline) 

= 13 

ASHP BaselineSplit Systems 

(HP) = 14 

Single Package (A/C) = 14 

Single Package (HP) = 14 

1a 

1b1b1 

SEERq Variable  Rebate 

Application 

SEERm Fixed 1013 151 

EERb Fixed Baseline = 11.3 2 

EERq Fixed = (11.3/13) X* SEERq 2 

EERg Variable  Rebate 

Application 

EERg,b Fixed 11.2 2812 

EERm Fixed 8.69 192 

GSER Fixed 1.02 3 

EFLHEFLHc or h Fixed Cooling = 600 Hours 

Heating = 965Hours965 

Hours 

411 

ESF Fixed 9.2% 2210 

DSF Fixed 9.2% 2210 

kWhq Variable  Rebate 

Application 

kWq Variable  Rebate 

Application 

MF Fixed 10% 203 

DuctSF Fixed 18% 1413 

CF Fixed 7069% 64 

DSF Fixed 2.9% 75 
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Component Type Value SourceSour

ces 

HSPFb Fixed Baseline = 88.2Split Systems 

(HP) = 8.2 

Single Package (HP) = 8.0 

81 

HSPFq Variable  Rebate 

Application 

COPg Variable  Rebate 

Application 

COPg,b Fixed 2.9 2812 

GSOP Fixed 3.413 96 

GSPK Fixed 0.8416 103 

EDSH Fixed 1842 kWh 113 

PDSH Fixed 0.34 kW 123 

ESavSDHW Fixed 3100 kWh 2114 

DSavSDHW Fixed 0.426 kW 2114 

CFSDHW Fixed 20% 2114 

ESavHPHWESAVHP

HW 

Fixed 1687 kWh 2315 

DSavHPHW Fixed 0.37 kW 2416 

CFHPHW Fixed 70% 2416 

ESavDWHRESAVD

WHR 

Fixed 1457 kWh 26, 2315, 18 

DSavDWHR Fixed 0.142 kW 2719 

CFDWHR Fixed 20% 2719 

Cooling -ï CAC 

Time Period 

Allocation Factors 

Fixed Summer/On-Peak 64.9% 

Summer/Off-Peak 35.1% 

Winter/On-Peak 0% 

Winter/Off-Peak 0% 

137 

Cooling ï ASHP 

Time Period 

Allocation Factors 

Fixed Summer/On-Peak 59.8% 

Summer/Off-Peak 40.2% 

Winter/On-Peak 0% 

Winter/Off-Peak 0% 

137 

Cooling ï GSHP 

Time Period 

Allocation Factors 

Fixed Summer/On-Peak 51.7% 

Summer/Off-Peak 48.3% 

Winter/On-Peak 0% 

Winter/Off-Peak 0% 

137 

Heating ï ASHP & 

GSHP 

Time Period 

Allocation Factors 

Fixed Summer/On-Peak 0.0% 

Summer/Off-Peak 0.0% 

Winter/On-Peak 47.9% 

Winter/Off-Peak 52.1% 

137 
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Component Type Value SourceSour

ces 

GSHP 

Desuperheater 

Time Period 

Allocation Factors 

Fixed Summer/On-Peak 4.5% 

Summer/Off-Peak 4.2% 

Winter/On-Peak 43.7% 

Winter/Off-Peak 47.6% 

137 

SDHW Time 

Period Allocation 

Factors 

Fixed Summer/On-Peak 27.0% 

Summer/Off-Peak 15.0% 

Winter/On-Peak 42.0% 

Winter/Off-Peak 17.0% 

2114 

HPWH Time 

Period Allocation 

Factors 

Fixed Summer/On-Peak 21% 

Summer/Off-Peak 22% 

Winter/On-Peak 28% 

Winter/Off-Peak 29% 

2517 

DWHR Time 

Period Allocation 

Factors 

Fixed Summer/On-Peak 27.0% 

Summer/Off-Peak 15.0% 

Winter/On-Peak 42.0% 

Winter/Off-Peak 17.0% 

2114 

Capyq Variable  Rebate 

Application 

EFLHHT Fixed 965 hours 16 

FFSHT Fixed 0.5 kWh 178 

FFSCL Fixed 105 kWh 189 

 

 

Sources: 

1. a Survey of New Jersey HVAC equipment distributors, CLEAResult, March 2016 

b Federal Register, 76 FR 37408, June 27, 2011 

1. US Government Publishing Office, June 2017, Electronic Code of Federal 

Regulations ï Title 10, Chapter II, Subchapter D, Part 430, Subpart C, §430.32. 

Available at: https://www.ecfr.gov/cgi-bin/text-

idx?SID=2942a69a6328c23266612378a0725e60&mc=true&node=se10.3.430_132&r

gn=div8. 

2. Average EER for SEER 13 units. The same EER to SEER ratio used for SEER 13 

units applied to SEER 10 units. EERm = (11.3/13) * 10. 

3. VEIC estimate.  Extrapolation of manufacturer data. 

4. VEIC estimate.  NEEP, Mid-Atlantic Technical Reference Manual, V7. May 2017. 

4.1. Consistent with analysis of PEPCo and LIPA, and conservative relative to ARI. 

5. Xenergy, ñNew Jersey Residential HVAC Baseline Studyò, (Xenergy, 

Washington, D.C., November 16, 2001).  

6. NEEP, Mid-Atlantic Technical Reference Manual, May 2010. 

7.5. Xenergy, ñNew Jersey Residential HVAC Baseline Studyò,,ò (Xenergy, Washington, 

D.C., November 16, 2001) Table E-8. 
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8. Federal Register, Vol. 66, No. 14, Monday, January 22, 2001/Rules and 

Regulations, p. 7170-7200.  

9.6.Engineering calculation, HSPF/COP=3.413 

10. VEIC Estimate.  Extrapolation of manufacturer data. 

11. VEIC estimate, based on PEPCo assumptions. 

12. VEIC estimate, based on PEPCo assumptions. 

13.7. Time period allocation factors used in cost-effectiveness analysis. 

14. Northeast Energy Efficiency Partnerships, Inc., ñBenefits of HVAC Contractor 
Trainingò, (February 2006): Appendix C Benefits of HVAC Contractor Training: 

Field Research Results 03-STAC-01 

15. Minimum Federal Standard for new Central Air Conditioners between 1990 and 

2006 

16. NJ utility analysis of heating customers, annual gas heating usage 

8. ñReview of Emerging HVAC Technologies and Practicesò 03-STAC-01 Emerging 

Technologies Report, October 2005, John Proctor, PE, p. 46. 

17.9. Scott Pigg (Energy Center of Wisconsin), ñElectricity Use by New Furnaces:  A 

Wisconsin Field Studyò,,ò Technical Report 230-1, October 2003. 

10. KEMA, NI Clean Energy Program Energy Impact Evaluation Protocol Review. 2009. 

11. VEIC Estimate.  Consistent with analysis of PEPCo and LIPA, and conservative 

relative to ARI. 

18. Ibid., p. 34.  ARI charts suggest there are about 20% more full load cooling hours 

in NJ than southern WI.  Thus, average cooling savings in NJ are estimated at 95 

to 115 

12. AHRI directory; baseline values are the least efficient ñGeothermal ï Water-to ïAir 

Heat Pumpsò active in the directory, downloaded May 18, 2015. 

13. NEEP, ñBenefits of HVAC Contractor Training,ò Appendix C , February 2006. 

19. The same EER to SEER ratio used for SEER 13 units applied to SEER 10 units.  

EERm = (11.3/13) * 10 

20. VEIC estimate. Conservatively assumes less savings than for QIV because of the 

retrofit context 

21.14. Energy savings are estimated based on 2008 SRCC OG300 ratings for a typical 2 

panel system with solar storage tank in Newark, NJ with electric DHW backup.  

Demand savings are estimated based on an estimated electric DHW demand of 

2.13kW with 20% CF.  Load shape and coincidence factors were developed by VEIC 

from ASHRAE Standard 90.2 Hot Water Draw Profile and NREL Red Book 

insulation data for Newark, NJ. 

22.1. KEMA, NJ Clean Energy Program Energy Impact Evaluation Protocol Review.  

2009. 

23.15. Table 1. (Page 2)  From ñHeat Pump Water Heaters Evaluation of Field Installed 

Performance.ò Steven Winter Associates, Inc. (2012). http://www.ma-

eeac.org/Docs/8.1_EMV%20Page/2012/2012%20Residential%20Studies/MA%20RR

&LI%20-
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%202011%20HPWH%20Field%20Evaluation%20Report%20FINAL%206_26_2012

.pdf 

24.16. VEIC Estimate based upon  range derived from FEMP Federal Technology Alert: 

S9508031.3a (http://www1.eere.energy.gov/femp/pdfs/FTA_res_heat_pump.pdf) 

25.17. ñElectrical Use, Efficiency, and Peak Demand of Electric Resistance, Heat Pump, 
Desuperheater, and Solar Hot Water Systemsò, 

http://www.fsec.ucf.edu/en/publications/html/FSEC-PF-215-90/  

26.18. 30% savings (from Zaloum, C. Lafrance, M. Gusdorf, J. ñDrain Water Heat 
Recovery Characterization and Modelingò Natural Resources Canada. 2007. Savings 

vary due to a number of factors including make, model, installation-type, and 

household behaviors.) multiplied by standard electric resistance water heating 

baseline annual usage of 4,857 kWh cited in source #23 above. 

27.19. Demand savings are estimated based on electric DHW demand of 2.13kW and 

20% CF as in cited source #21 adjusting for the proportional difference of 30% 

savings relative to the 70% solar fraction: 0.426*0.3/0.9 = 0.142. 

28. AHRI directory. Baseline values are the least efficient ñGeothermal ï Water-to ï

Air Heat Pumpsò active in the directory, downloaded May 18, 2015. 

  

Combined space and water heating (Combo) 

 

Participants installing a qualifying boiler or furnace and a qualifying water heater at the 

same time earn a special incentive. For savings calculations, there is no special 

consideration. The heating system savings are calculated according to the appropriate 

algorithm and the water heating savings are calculated separately according to the system 

type. 
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Residential Gas HVAC 

Protocols 

The following two algorithmssections detail savings calculations for gas space heating 

and gas water heating equipment in residential applications. They are to be used to 

determine gas energy savings between baseline standard units and the high efficiency 

units promoted in the program.  The input values are based on data on typical customers 

supplied by the gas utilities, an analysis by the Federal Energy Management Program 

(FEMP), and customer information on the application form, confirmed with manufacturer 

data.  The energy values are in therms. 

Furnaces 

This section provides energy savings algorithms for qualifying gas and oil furnaces 

installed in residential settings. The input values are based on the specifications of the 

actual equipment being installed, federal equipment efficiency standards, and the most 

recent impact evaluation of the residential Warm and Cool Advantage programs (2009). 

This measure applies to replacement of failed equipment or end of useful life. The 

baseline unit is a code compliant unit with an efficiency as required by IECC 2015, which 

is the current residential code adopted by the state of New Jersey. 

 

Algorithms 

Space Heaters 

Algorithms 

 

GasFuel Savings = [(Capyq(MMBtu/yr) = Capin * EFLHh * ((AFUEq /AFUEb) ï (Capyq/ 

AFUEq)] * EFLH / 100,000 BTUs/therm    

 

Low Income Gas Savings = [(Capyq/AFUELI) ï (Capyq/ 1) / AFUEq)] * EFLH / 100,000 

BTUs/therm    

 

Gas Savings due to duct sealing = (CAPavg AFUEavg) * EFLH * (DuctSFh/100,000 

BTUs/therm) 

 

Average Heating Use (therms) = (Capavg / AFUEavg) * EFLH / 100,000 BTUs/therm 

 

EFLH = Average Heating Use * AFUEavg* 100,000 BTUs/therm) / Capavg 

 

Oil Savings for a qualifying boiler = OsavBOILER 

 

Oil Savings = [(Capyq/AFUEb) ï (Capyq/ AFUEq)] * EFLH / 100,000 BTUs/therm 

 

Circulator Pumps Savings (kWh) = Hours * (WattsBase ï WattsEE)/1000 kBtu/MMBtu 

Formatted:  Heading 4

Formatted:  Font: Bold

Formatted:  Font: Not Bold, English (U.S.)

Formatted:  Font: Not Bold

Formatted:  Indent:  Left:   0.25", Space
Before:  6 pt



New Jerseyôs Clean Energy Program Page 34 

Protocols to Measure Resource Savings 

 

Definition of Variables 

 

Capyq = OutputCapin  = Input capacity of qualifying unit output in BTUskBtu/hour 

 

Capyt = Output capacity of the typical heating unit output in Btus/hour 

 

Capyavg = Output capacity of the average heating unit output in Btus/hour 

 

EFLHEFLHh = The Equivalent Full Load Hours of operation per year for the average 

unit. during the heating season  

 

DuctSFh = The Duct Sealing Factor or the assumed savings due to proper sealing of all 

heating ducts 

 

AFUEavg = Annual Fuel Utilization Efficiency of the average furnace or boiler 

 

AFUEq = Annual Fuel Utilization Efficiency of the qualifying baseline furnace or 

boiler 

 

AFUEb = Annual Fuel Utilization Efficiency of the baseline furnace or boiler 

 

AFUELI = Annual Fuel Utilization Efficiency of the Low Income Program  replaced 

furnace or boiler.  

 

Average Heating Usage = The weighted average annual heating usage (therms) of typical 

New Jersey heating customers 

 

WattsBase = Baseline connected kW 

 

WattsEE = Efficient connected kW 

 

Space Heating 

 

Component Type Value Source 

Capyq Variable  Application  

Capyt Fixed CAPYQ 1 

DuctSFh Fixed 13% 5 

AFUEavg Variable  Application 

AFUEq Variable  Application 

AFUEb Fixed 

Gas Furnaces: 80%  

Gas Boilers: Water - 

82% 

Steam ï 80% 

Oil Boilers: Water ï 

2 
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Component Type Value Source 

84% 

Steam ï 82% 

Electric Resistance 

Heating: 35% 

AFUELI Variable  
Application or 

utility estimates 

EFLH
5
 Fixed 965 hours 3 

Avg. Heating Usage Fixed 860 therms 5 

Time Period 

Allocation Factors 
Fixed 

Summer = 12% 

Winter = 88% 

 

4 

WattsBase Fixed 87.8 8 

WattsEE Fixed 14.4 8 

Hours Fixed 2350 9 

meeting current federal equipment 

Sources: 

1. NJ Residential HVAC Baseline Study 

2. Federal minimum standards as of 2015. 

3. NJ utility analysis of heating customers, annual gas heating usage 

4. Prorated based on 12% of the annual degree days falling in the summer period 

and 88% of the annual degree days falling in the winter period. 

5. Northeast Energy Efficiency Partnerships, Inc., ñBenefits of HVAC Contractor 
Trainingò, (February 2006): Appendix C Benefits of HVAC Contractor Training: 

Field Research Results 03-STAC-01 

6. KEMA, NJ Clean Energy Program Energy Impact Evaluation Protocol Review.  

2009. 

7. Electric resistance heat calculated by determining the overall fuel cycle efficiency 

by dividing the average PJM heat rate (9,642 BTU per kWh) by the BTUs per 

kWh (3,413 BTU per kWh), giving a 2.83 BTUin per BTUout. 

8. Efficiency Vermont Technical Reference Manual 

9. Boiler run hours, based on Efficiency Vermont TRM methodology, where boilers 

have EFLH of 810 and the circ pump run  hours are 1973. Therefore for NJ with 

965 EFLH, the run hours can be estimated as 965 * 1973/810 = 2350 

Water Heaters 

Algorithms 

 

Gas Savings = ((EFq ï EFb)/EFq) X Baseline Water Heater Usage  

 

Gas Savings (Solar DHW) = GsavSHW  

                                                 

 
5
 Residential Gas Measures ELFH are subject to change barring the results of impact evaluations. 
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Gas Savings (Drain Water Heat Recover) = GsavDWHR * Baseline Water Heater Usage 

 

Definition of Variables 

 

EFq = Energy factor of the qualifying energy efficient water heater. 

 Note: For qualifying units not rated with an Energy Factor, the estimated EFq shall be 

used: 

 Est. EFq  = Qout/Qin 

= 41,094
6
/ (41,094/TE + Volume*SLratio*24hours) 

   

Where:  TE    = Thermal (or Recovery) Efficiency of the unit as a percentage 

   Volume  = Volume of storage water heater, in gallons. 

SLratio = Average ratio of rated standby losses water heater (BTU loss 

per hour for > 90% TE units less than 130 Gallons = 9.73
7
 

Gas & Propane Tankless Water Heaters
1
: EFb = 00.82 ï (0.0019 * Gallons of Capacity)   

Gas & Propane Storage or Power Vented Water Heaters
1
 : 

55 gallons or less: EFb = 0.675 - (0.0015 * Gallons of Capacity)  

56 gallons or more: EFb = 0.8012 - (0.00078 * Gallons of Capacity) 

 

Summary of Inputs 

Furnace Assumptions 

Baseline Water Heater Usage = Annual usage of the baseline water heater, in therms. 

 

GsavSHW = Gas savings, in therms, for a solar hot water installation augmented by a 

new gas hot water heater. 

 

GsavDWHR = Gas savings, as a percentage, for a drain water heat recovery installation 

in a home with a gas hot water heater. 

 

Water Heaters 

 

Component Type Value Source 

EFqCapin Variable  Application 

Form, confirmed 

with 

Manufacturer 

Data 

                                                 

 
6
 Based upon the test conditions of the DOE test protocol for residential water heaters, the amount of 

energy delivered is equal to 64.3 gallons * density of water (8.3lb/gal) * Specific heat of water (1 BTU/lb-

F) and the temperature rise of 77degF (135F-58F). 

 
7
 Based upon February, 2012 query of ARHI/GAMA database 

http://cafs.ahrinet.org/gama_cafs/sdpsearch/search.jsp?table=CWH 

Formatted:  Normal

Formatted:  Table Header, Left

Formatted  Table

Formatted:  Space After:   2 pt



New Jerseyôs Clean Energy Program Page 37 

Protocols to Measure Resource Savings 

Component Type Value Source 

TEEFLHh FixedVariable 965 hours  

Application 

Form, confirmed 

with 

Manufacturer 

Data1 

AFUEqStdby Variable  Application 

Form, confirmed 

with 

Manufacturer 

Data 

EFb Variable  For Electric Resistance 

(only): 35% 

Application 

Form, confirmed 

with 

Manufacturer 

Data 

AFUEbBaseline 

Water Heater 

Usage 

Fixed 

180 therms 

Weatherized gas: 81% 

Weatherized oil: 78% 

Mobile home gas: 80% 

Mobile home oil: 75% 

Non-weatherized gas: 80% 

Non-weatherized oil: 83% 

2 

Time Period 

Allocation 

Factors 

Fixed Summer = 50% 

Winter = 50% 

 

3 

GsavSHW Fixed 130.27 4 

GSavDWHR Fixed 30% 5 

 

Sources: 

1. NJ utility analysis of heating customers, annual gas usage. 

2. US Government Publishing Office, June 2017, Electronic Code of Federal 

Regulations ï Title 10, Chapter II, Subchapter D, Part 430, Subpart C, §430.32; 

available at: https://www.ecfr.gov/cgi-bin/text-

idx?SID=2942a69a6328c23266612378a0725e60&mc=true&node=se10.3.430_132&r

gn=div8. 

Boilers  

This section provides energy savings algorithms for qualifying boilers installed in 

residential settings. The input values are based on the specifications of the actual 

equipment being installed, federal equipment efficiency standards, and the most recent 

impact evaluation of the residential Warm and Cool Advantage programs (2009).  
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This measure applies to replacement of failed equipment or end of useful life. The 

baseline unit is a code compliant unit with an efficiency as required by IECC 2015, which 

is the current residential code adopted by the state of New Jersey. 

 

Algorithms 

 

Fuel Savings (MMBtu/yr) = Capin  * EFLHh * ((AFUEq/AFUEb)-1) / 1000 

kBtu/MMBtu 

 

Definition of Variables 

Capin    = Input capacity of qualifying unit in kBtu/hour 

EFLHh = The Equivalent Full Load Hours of operation for the average unit during the 

heating season in hours  

AFUEq = Annual Fuel Utilization Efficiency of the qualifying boiler 

AFUEb = Annual Fuel Utilization Efficiency of the baseline boiler 

 

Summary of Inputs 

Space Heating Boiler Assumptions 

Component Type Value Source 

Capin Variable  Application 

EFLHh Fixed 965 hours  1
 

AFUEq Variable  Application 

AFUEb Fixed 
Gas fired boiler ï 82% 

Oil fired boiler ï 84% 
2 

 

 

Sources 

1. NJ utility analysis of heating customers, annual gas usage..   

2. US Government Publishing Office, June 2017, Electronic Code of Federal 

Regulations ï Title 10, Chapter II, Subchapter D, Part 430, Subpart C, §430.32; 

available at: https://www.ecfr.gov/cgi-bin/text-

idx?SID=2942a69a6328c23266612378a0725e60&mc=true&node=se10.3.430_132&r

gn=div8. 
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Combination Boilers 

This section provides energy savings algorithms for qualifying gas combination boilers 

installed in residential settings. A combination boiler is defined as a boiler that provides 

domestic hot water and space heating. The input values are based on the specifications of 

the actual equipment being installed, federal equipment efficiency standards, DOE2.2 

simulations completed by the New York State Joint Utilities and regional estimates of 

average baseline water heating energy usage. 

This measure assumes the existing boiler system has failed or is at end of useful life and 

is replaced with a combination boiler. The baseline boiler unit has an efficiency as 

required by IECC 2015, which is the current residential code adopted by the state of New 

Jersey. For the water heating component, this measure assumes that the baseline water 

heater is a storage water heater, and customers replacing existing tankless water heaters 

are not eligible. 

Note, that as of June 12, 2017, the Federal Trade Commission has published a final rule 

updating the EnergyGuide label to reflect recent changes by the Department of Energy to 

the Code of Federal Regulations regarding the use of uniform energy factor (UEF) rather 

than the traditional energy factor (EF)
8
 for consumer and commercial water heaters. The 

UEF is newest measure of water heater overall efficiency. The higher the UEF value is, 

the more efficient the water heater. UEF is determined by the Department of Energyôs 

test method outlined in 10 CFR Part 430, Subpart B, Appendix E.
9
 

 

Algorithms 

 

1. Federal EPACT Standard Table II.1, revised April 16, 2015 
2. KEMA. NJ Clean Energy Program Energy Impact Evaluation Protocol Review. 

2009. 

3. Prorated based on 6 months in the summer period and 6 months in the winter 

period. 

Fuel Savings (MMBtu/yr) = MMBtu/yr Boiler Fuel Savings + MMBtu/yr DHW Fuel 

Savings 

 

MMBtu Boiler Fuel Savings/yr = Capin * EFLHh *  ((AFUEq/AFUEb)-1) / 1,000 

kBtu/MMBTU 

 

MMBtu DHW Fuel Savings/yr = (1 ï (UEFb / UEFq)) × Baseline Water Heater Usage  

Capin    = Input capacity of qualifying unit in kBtu/hr 

EFLHh  = The Equivalent Full Load Hours of operation for the average unit during 

the heating season  

                                                 

 
8
 The final ruling on this change is available at: 

https://energy.gov/sites/prod/files/2016/12/f34/WH_Conversion_Final%20Rule.pdf. 
9
 https://www.energystar.gov/products/water_heaters/residential_water_heaters_key_product_criteria 
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AFUEq  = Annual fuel utilization efficiency of the qualifying boiler 

AFUEb  = Annual fuel utilization efficiency of the baseline boiler 

UEFq   = Uniform energy factor of the qualifying energy efficient water heater. 

UEFb   = Uniform energy factor of the baseline water heater. In New Jersey the 

2015 International Energy Conseration Code (IECC) generally defines the residential 

energy efficiency code requirements, but the IECC does not include residential 

service water heating provisions, leaving federal equipment efficiency standards to 

define baseline.   

Baseline Water Heater Usage = Annual usage of the baseline water heaterderived
 

 

Summary of Inputs 

 

Combination Boiler Assumptions 

Component Type Value Source 

Capin Variable  Application  

EFLHh Fixed 965 hours 1 

AFUEq Variable  Application 

AFUEb Fixed 
Gas fired boiler ï 82% 

Oil fired boiler ï 84%  
2 

UEFb Fixed Storage Water Heater ï 0.657 2 

UEFq Fixed 0.87 3 

Baseline Water 

Heater Usage 

Fixed 23.6 MMBtu/yr 

 
4 

 

The referenced federal standards for the baseline UEF are dependent on both draw 

pattern and tank size. A weighted average baseline UEF was calculated with a medium 

draw pattern from the referenced federal standards and water heating equipment market 

data from the Energy Information Association 2009 residential energy consumption 

survey for NJ
10

 assuming tank sizes of 30 gallons for small units, 40 gallons for medium 

units, and 55 gallons for large units. 

 

 

SourcesUS DOE estimates for the SEEARP (ENERGY STAR® 

1. NJ utility analysis of heating customers, annual gas usage.. 

2. US Government Publishing Office, June 2017, Electronic Code of Federal 

Regulations ï Title 10, Chapter II, Subchapter D, Part 430, Subpart C, §430.32; 

available at: https://www.ecfr.gov/cgi-bin/text-

idx?SID=2942a69a6328c23266612378a0725e60&mc=true&node=se10.3.430_132&r

gn=div8. 

                                                 

 
10

 Available at: https://www.eia.gov/consumption/residential/data/2009/hc/hc8.8.xls 

https://www.ecfr.gov/cgi-bin/text-idx?SID=2942a69a6328c23266612378a0725e60&mc=true&node=se10.3.430_132&rgn=div8
https://www.ecfr.gov/cgi-bin/text-idx?SID=2942a69a6328c23266612378a0725e60&mc=true&node=se10.3.430_132&rgn=div8
https://www.ecfr.gov/cgi-bin/text-idx?SID=2942a69a6328c23266612378a0725e60&mc=true&node=se10.3.430_132&rgn=div8
https://www.eia.gov/consumption/residential/data/2009/hc/hc8.8.xls
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3. Minimum UEF for instantaneous (tankless) water heaters from Energy Star 

https://www.energystar.gov/products/water_heaters/residential_water_heaters_key_pr

oduct_criteria. 

4. US Energy Information Association, 2009 Residential Energy Consumption Survey 

Data
11

; available at: 

https://www.eia.gov/consumption/residential/data/2009/c&e/ce3.2.xlsx 

Boiler Reset Controls 

The following algorithm details savings for installation of boiler reset control on 

residential boilers. Energy savings are realized through a better control of boiler water 

temperature. Through the use of software settings, boiler reset controls use outside or 

return water temperature to control boiler firing and in turn the boiler water temperature.  

The input values are based on data supplied by the utilities and customer information on 

the application form, confirmed with manufacturer data. Unit savings are based on study 

results.  

Fuel Savings (MMBtu/yr) = (% Savings) * (EFLHh * Capin) / 1,000 kBtu/MMBtu 

 

Definition of Variables 

% Savings = Estimated percentage reduction in heating load due to boiler reset 

controls
 

EFLHh = The Equivalent Full Load Hours of operation for the average unit during the 

heating season 

Capin    = Input capacity of qualifying unit in kBtu/hr  

Summary of Inputs 

 

Boiler Reset Control Assumptions 

Component Type Value Source 

% Savings Fixed 5% 1  

EFLHh Fixed 965 hours 2 

Capin Variable  Application 

 

Sources 

1. GDS Associates, Inc., Natural Gas Energy Efficiency Potential in Massachusetts, 

2009, p. 38, Table 6-4, http://ma-eeac.org/wordpress/wp-content/uploads/5_Natural-

Gas-EE-Potenial-in-MA.pdf. 

2. NJ utility analysis of heating customers, annual gas usage.. 

                                                 

 
11

 Data for 2015 will be available in 2018. 
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4. Stand Alone Storage Water Heaters: Final Criteria Analysis) 

This section provides energy savings algorithms for qualifying stand alone storage hot 

water heaters installed in residential settings. This measure assumes that the baseline 

water heater is a code storage water heater. The input values are based on federal 

equipment efficiency standards and regional estimates of average baseline water heating 

energy usage.  

 

Note, that as of June 12, 2017, the Federal Trade Commission has published a final rule 

updating the EnergyGuide label to reflect recent changes by the Department of Energy to 

the Code of Federal Regulations regarding the use of uniform energy factor (UEF) rather 

than the traditional energy factor (EF)
12

 for consumer and commercial water heaters. The 

UEF is newest measure of water heater overall efficiency. The higher the UEF value is, 

the more efficient the water heater. UEF is determined by the Department of Energyôs 

test method outlined in 10 CFR Part 430, Subpart B, Appendix E.
13

 

 

Algorithms 

 

Fuel Savings (MMBtu/yr) = (1 ï (UEFb / UEFq)) × Baseline Water Heater Usage  

 

Definition of Variables 

UEFq = Uniform energy factor of the qualifying energy efficient water heater. 

UEFb = Uniform energy factor of the baseline water heater. In New Jersey the 2015 

International Energy Conseration Code (IECC) generally defines the residential 

energy efficiency code requirements, but the IECC does not include residential 

service water heating provisions, leaving federal equipment efficiency standards to 

define baseline.   

Baseline Water Heater Usage = Annual usage of the baseline water heater 

 

Summary of Inputs 

 

Storage Water Heater 

Component Type Value
a 

Sources 

UEFq Variable  Application 

UEFb  Variable If gas & less than 55 gal: UEFb = 0.6483ï

(0.0017×V) 

If gas & more than 55 gal: UEFb = 0.7897ï

(0.0004×V) 

1 

Baseline 

Water 

Fixed 23.6 MMBtu/yr 

 

2 

                                                 

 
12

 The final ruling on this change is available at: 

https://energy.gov/sites/prod/files/2016/12/f34/WH_Conversion_Final%20Rule.pdf  
13

 https://www.energystar.gov/products/water_heaters/residential_water_heaters_key_product_criteria 
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Component Type Value
a 

Sources 

Heater 

Usage 
a
 V refers to volume of the installed storage water heater tank in gallons 

 

The referenced federal standards for the baseline UEF are dependent on both draw 

pattern and tank size. The baseline UEF formulas shown in the table above are associated 

with medium draw patterns. 

 

Sources 

1. US Government Publishing Office, June 2017, Electronic Code of Federal 

Regulations ï Title 10, Part 430, Subpart C; available at: 

https://www.ecfr.gov/cgi-bin/text-

idx?SID=2942a69a6328c23266612378a0725e60&mc=true&node=se10.3.430_13

2&rgn=div8. 

2. US Energy Information Association, 2009 Residential Energy Consumption 

Survey Data
14

; available at: 

https://www.eia.gov/consumption/residential/data/2009/c&e/ce3.2.xlsx. 

                                                 

 
14

 Data for 2015 will be available in 2018. 
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Instantaneous Water Heaters 

This section provides energy savings algorithms for qualifying instantaneous hot water 

heaters installed in residential settings. This measure assumes that the baseline water 

heater is either a code stand alone storage water heater, or an code instantaneous water 

heater. The input values are based on federal equipment efficiency standards and regional 

estimates of average baseline water heating energy usage.  

 

Note, that as of June 12, 2017, the Federal Trade Commission has published a final rule 

updating the EnergyGuide label to reflect recent changes by the Department of Energy to 

the Code of Federal Regulations regarding the use of uniform energy factor (UEF) rather 

than the traditional energy factor (EF)
15

 for consumer and commercial water heaters. The 

UEF is newest measure of water heater overall efficiency. The higher the UEF value is, 

the more efficient the water heater. UEF is determined by the Department of Energyôs 

test method outlined in 10 CFR Part 430, Subpart B, Appendix E.
16

 

 

Algorithms 

 

Fuel Savings (MMBtu/yr) = (1 ï (UEFb / UEFq)) × Baseline Water Heater Usage  

 

Definition of Variables 

UEFq = Uniform energy factor of the qualifying energy efficient water heater. 

UEFb = Uniform energy factor of the baseline water heater. In New Jersey the 2015 

International Energy Conseration Code (IECC) generally defines the residential 

energy efficiency code requirements, but the IECC does not include residential 

service water heating provisions, leaving federal equipment efficiency standards to 

define baseline.   

Baseline Water Heater Usage = Annual usage of the baseline water heater 

 

Summary of Inputs 

Instantaneous Water Heaters 

Component Type Value Source 

UEFq Variable  Application 

UEFb  Variable Storage water heater ï 0.657 

Instantaneous water heater ï 0.81  

1 

Baseline Water 

Heater Usage 

Fixed 23.6 MMBtu/yr 

 

2 

 

                                                 

 
15

 The final ruling on this change is available at: 

https://energy.gov/sites/prod/files/2016/12/f34/WH_Conversion_Final%20Rule.pdf  
16

 https://www.energystar.gov/products/water_heaters/residential_water_heaters_key_product_criteria 
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The referenced federal standards for the baseline UEF are dependent on both draw 

pattern and tank size. A weighted average baseline UEF was calculated with a medium 

draw pattern from the referenced federal standards and water heating equipment market 

data from the Energy Information Association 2009 residential energy consumption 

survey for NJ
17

 assuming tank sizes of 30 gallons for small units, 40 gallons for medium 

units, and 55 gallons for large units. 

 

SourcesZaloum, C. Lafrance, M. Gusdorf, J. ñDrain Water Heat Recovery 

Characterization and Modelingò Natural Resources Canada. 2007.  Savings vary due to a 

number of factors including make, model, installation-type, and household behaviors. 

1. US Government Publishing Office, June 2017, Electronic Code of Federal 

Regulations ï Title 10, Part 430, Subpart C; available at: https://www.ecfr.gov/cgi-

bin/text-

idx?SID=2942a69a6328c23266612378a0725e60&mc=true&node=se10.3.430_132&r

gn=div8. 

2. US Energy Information Association, 2009 Residential Energy Consumption Survey 

Data
18

; available at: 

https://www.eia.gov/consumption/residential/data/2009/c&e/ce3.2.xlsx. 

 

5.  

                                                 

 
17

 Available at: https://www.eia.gov/consumption/residential/data/2009/hc/hc8.8.xls 
18

 Data for 2015 will be available in 2018. 
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 Residential Low Income Program 

Protocols 

The Protocols set out below are applicable to both the Comfort Partners component of the 

Low-income Program currently implemented by the Stateôs electric and gas utilities and 

the Weatherization Assistance component of the Low-income Program implemented by 

the New Jersey Department of Community Affairs (DCA).  

 

The savings protocols for the low-income program are based upon estimated per unit 

installed savings.  In some cases, such as lighting and refrigerators, the savings per unit 

estimate is based on direct observation or monitoring of the existing equipment being 

replaced.  For other measures, for example air sealing and insulation, the protocols 

calculation is based on an average % savings of pre-treatment consumption.   

 

Base Load Measures 

 Efficient Lighting 

Savings from installation of screw-in CFLs, high performance fixtures, fluorescent 

torchieres, LEDs and LED nightlights are based on a straightforward algorithm that 

calculates the difference between existing and new wattage, and the average daily hours 

of usage for the lighting unit being replaced. 

 

Algorithm 

 

Compact Fluorescent Screw In Lamp 

Electricity ImpactEnergy Savings (kWh/yr) = ((CFLwatts) X* (CFLhours X* 

365))/1000 

 

Peak Demand ImpactSavings (kW) = (CFLwatts) X* Light CF 

 

Efficient Fixtures 

Electricity ImpactEnergy Savings (kWh/yr) = ((Fixtwatts) X* (Fixthours X* 

365))/1000 

 

Peak Demand ImpactSavings (kW) = (Fixtwatts) X* Light CF 

 

Efficient Torchieres 

Electricity ImpactEnergy Savings (kWh/yr) = ((Torchwatts) X* (Torchhours X* 

365))/1000 
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Peak Demand ImpactSavings (kW) = (Torchwatts) X* Light CF 

 

LED Screw In Lamp 

Electricity ImpactEnergy Savings (kWh/yr) = ((LEDwatts) X* (LEDhours X* 

365))/1000 

 

Peak Demand ImpactSavings (kW) = (LEDwatts) X* Light CF 

 

 

 

LED Nightlight 

Electricity ImpactEnergy Savings (kWh/yr) = ((LEDNwatts) X* (LEDNhours X* 

365))/1000 
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 Hot Water Conservation Measures 

The protocols savings estimates are based on an average package of domestic hot water 

measures typically installed by low-income programs. 

 

Low Flow Showerheads 

 

Savings for low -flow showerhead measures are determined using the total change in 

flow rate (gallons per minute) from the baseline (existing) showerhead to the efficient 

showerhead. 

 

Algorithms 

Algorithms 

 

Electricity ImpactEnergy Savings (kWh/yr) = %Electric DHW * (GPM_base ï 

GPM_ee) * kWh/æGPM 

 

Peak Electric Demand ImpactSavings (kW) = Electricity Impact (kWh) * Demand 

Factor 

 

Natural Gas Impact (therm) = %Gas DHW * (GPM_base ï GPM_ee) * 

therm/æGPM 

Definition of Variables 

%Electric DHW = proportion of water heating supplied by electricity 

 

Definition of Variables 

 

%Electric DHW = proportion of water heating supplied by electricity 

 

GPM_base = Flow rate of the baseline showerhead (gallons per minute) 

 

GPM_ee = Flow rate of the efficient showerhead (gallons per minute) 

 

kWh/æGPM = Electric energy savings of efficient showerhead per gallon per 

minute (GPM) 

 

Demand Factor = energy to demand factor 

 

%Gas DHW = proportion of water heating supplied by natural gas  
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therm/æGPM = natural gas energy savings of efficient showerhead per gallon per 

minute (GPM)  

 

 

Low Flow Showerheads 

Component Type Value Sources 

% Electric 

DHW 
Variable 

Electric DHW = 100% 

Unknown = 13% 
1 

%Gas DHW Variable 

Natural Gas DHW = 

100% 

Unknown = 81% 

1 

GPM_base Variable 
Rebate Application 

Unknown = 2.5 
2 

GPM_ee Variable 
Rebate Application 

Unknown = 1.5 
2 

kWh/æGPM Fixed 

SF = 360.1 

MF = 336.9 

Unknown = 390.1  

3 

therm/æGPM Fixed 

SF = 15.5 

MF = 16.9 

Unknown = 16.8 

3, 4 

Demand 

Factor 
Fixed 0.00008013 3 

 

Sources 

1. Unknown hot water heating fuel assumption taken from 2009 RECS data for New 

Jersey. See; see Table HC8.8 Water Heating in U.S. Homes in Northeast Region, 

Divisions, and States.  

2. Flow rate specification taken from rebate application. Default; default assumption for 

unknown flow rate taken from Pennsylvania Technical Reference Manual. Effective, 

effective June 2016, pagesp. 120ff. Available; available at 

http://www.puc.pa.gov/pcdocs/1370278.docx. 

3. Default assumptions from Pennsylvania Technical Reference Manual (ibid).  

4. Illinois Statewide Technical Reference Manual for Energy Efficiency, Version 4.0. 

Effective, effective June 1, 2015 pages, pp. 657ff. Default; default assumptions for 

housing demographic characteristics taken from PA TRM. 
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Low Flow Faucet Aerators 

 

Savings for low -flow faucet aerator measures are determined using the total change in 

flow rate (gallons per minute) from the baseline (existing) faucet to the efficient faucet. 

 

Algorithms 

Energy SavingsAlgorithm 

 

Electricity Impact (kWh/yr) = %Electric DHW * (GPM_base ï GPM_ee) * 

kWh/æGPM 

 

Peak Electric Demand ImpactSavings (kW) = Electricity Impact (kWh) * Demand 

Factor 

 

Natural Gas Impact (therm) = %Gas DHW * (GPM_base ï GPM_ee) * therm/æGPM 

 

Definition of Variables 

%Electric DHW = proportion of water heating supplied by electricity 

Definition of Variables 

 

%Electric DHW = proportion of water heating supplied by electricity 

 

GPM_base = Flow rate of the baseline faucet (gallons per minute) 

 

GPM_ee = Flow rate of the efficient faucet (gallons per minute)  

 

kWh/æGPM = Electric energy savings of efficient faucet per gallon per minute 

(GPM) 

 

Demand Factor = energy to demand factor 

 

%Gas DHW = proportion of water heating supplied by natural gas 

 

therm/æGPM = natural gas energy savings of efficient faucet per gallon per 

minute (GPM)  

 

Low Flow Faucet Aerators 

Component Type Value SourceSo

urces 
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Component Type Value SourceSo

urces 

% Electric 

DHW 
Variable 

Electric DHW = 100% 

Unknown = 13% 
1 

% Gas DHW Variable 

Natural Gas DHW = 

100% 

Unknown = 81% 

1 

GPM_base Variable 
Rebate Application 

Unknown = 2.2 
2 

GPM_ee Variable 
Rebate Application 

Unknown = 1.5 
2 

kWh/æGPM Fixed 

SF = 60.5 

MF = 71.0 

Unknown = 63.7 

3 

therm/æGPM Fixed 

SF = 4.8 

MF = 6.5 

Unknown = 5.0 

3, 4 

Demand 

Factor 
Fixed 0.00008013000134 3 

 

Sources 

 

Sources 

1. Unknown hot water heating fuel assumption taken from 2009 RECS data for New 

Jersey. See; see Table HC8.8 Water Heating in U.S. Homes in Northeast Region, 

Divisions, and States.  

2. Flow rate specification taken from rebate application. Default; default assumption for 

unknown flow rate taken from Pennsylvania Technical Reference Manual. Effective; 

effective June 2016, pagespp. 114ff. Available; available at 

http://www.puc.pa.gov/pcdocs/1370278.docx. 

3. Default assumptions from Pennsylvania Technical Reference Manual (ibid).  

4. Illinois Statewide Technical Reference Manual for Energy Efficiency, Version 4.0. 

Effective, effective June 1, 2015 pages, pp. 648ff. Default; default assumptions for 

housing demographic characteristics taken from PA TRM. 
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Indirect Hot Water Heaters 

  

Wisconsinôs 2013 Focus on Energy Deemed Savings are as follows.19 

  

ЎὝὬὩὶάὝὬὩὶά ὝὬὩὶά  

 

ὝὬὩὶά ὉὊ ὝὬὩὶά  
 

ὝὬὩὶά ὛὸὥὲὨὦώ ψȟχφπρȾρππȟπππȾὃὊὟὉ ὝὬὩὶά ρȾὃὊὟὉ  
1
 Average hot water use per person were taken from: Lutz, James D., Liu, Xiaomin, McMahan, James E., Dunham, 

Camilla, Shown, Leslie J., McCure, Quandra T; ñModeling patterns of hot water use in households;ò LBL-37805 Rev. 

Lawrence Berkeley Laboratory, 1996. 
 

 

ὝὬὩὶά ὛὸὥὲὨὦώ ψȟχφπρȾρππȟπππȾὃὊὟὉ ὝὬὩὶά

ρȾὃὊὟὉ  

 

ὛὸὥὲὨὦώ ὠέὰ
ᴌ

Ὤὶ
ψȢσσ 

 

ὛὸὥὲὨὦώ ὠέὰ
ᴌ

Ὤὶ
ψȢσσ 

 
Table IV-13 

. Definitions and Values for Indirect Hot Water Heaters 

 

Term Definition Value 

æTherm Gas Savingssavings  

ThermStd Calculated therms standard tank 206 

ThermEff Calculated therms replacement tank 177.52 

ThermOut   

EFStd Federal standard energy factor  
(.67 ï 

(.0019xvolume))=.58 

ThermStdTank Therms used by standard tank 223 

StandbyStd Standby loss from standard water heater  434 BTUBtu/hr* 

AFUEStd Efficiency (AFUE) of standard water heater 80% 

StandbyEff Standby loss from efficient water heater  397 BTUBtu/hr**  

AFUEEff Efficiency (AFUE) of efficient water heater 93% 

                                                 

 
19
The Cadmus Group, Inc. ñFinal Report Focus on Energy Evaluated Deemed Savings Changes.ò Prepared for the 

Public Service Commission of Wisconsin. November 26, 2013. PagesPp. 15-16. 
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Term Definition Value 

VolStd Volume of standard water heater (gallons) 63.50 

VolEff Volume of efficient water heater (gallons) 51.20 

°F/hrStd 
Heat lost per hour from standard water heater 

tank 
0.8 

°F/hrEff 
Heat lost per hour from efficient water heater 

tank 
0.93 

 
Conversion factor: density of water 

(lbs./gallon) 
8.33 

*AHRI Database. **Data model look-ups of AHRI Certifications. 

 

 

Water heater pipe wrap 

This section provides energy savings algorithms for insulation on domestic hot water 

heater pipes. Un-insulated hot water carrying pipes lose considerable heat to outside air 

due to high thermal conductivity. In order to reduce this heat loss, pipes can be covered 

with a layer of insulation, which will reduce source heating demand, resulting in 

significant energy savings.  The baseline case assumes un-insulated copper pipes and the 

qualifying condition assumes polyolefin (Polyethylene) Foam Tube insulation at 3/8" 

thick for 1/2" pipe and 1/2" thick for 3/4" pipe.  

 

Algorithms 

 

Energy Savings (kWh/yr) = AKWW × L 

 

Fuel Savings (Ccf/yr) = ACCFW × L 

 

 

Definition of Variables 

AKWW = Annual electric savings per linear foot of heating pipe insulation 

ACCFW = Annual gas savings per linear foot of heating pipe insulation 

L = Length of heating pipe insulation in ft 

 

Summary of Inputs 

Water Heater Pipe Wrap 

Component Type Value Source 

AKWW Variable See Table Below 1 

ACCFW Variable See Table Below 1 

L Variable  Application 

 

Insulation Savings by Pipe Diameter 

Pipe Diameter (in) AKW W (kWh/ft)  ACCFW (Ccf/ft)  
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Pipe Diameter (in) AKW W (kWh/ft)  ACCFW (Ccf/ft)  

0.50 10.4 0.55 

0.75 15.9 0.85 

 

 

Sources 

1. NAIMA, 3E Plus software tool, Version 4.0, Released 2005; available from: 

https://insulationinstitute.org/tools-resources/free-3e-plus/  

 

 Efficient Refrigerators 

The eligibility for refrigerator replacement is determined by comparing monitored 

consumption for the existing refrigerator with the rated consumption of the eligible 

replacement.  Estimated savings are directly calculated based on the difference between 

these two values.  Note that in the case where an under-utilized or unneeded refrigerator 

unit is removed, and no replacement is installed, the Refnew term of the equation will be 

zero.  

 

Algorithm 

 

Electricity ImpactEnergy Savings (kWh/yr) = Refold ï Refnew 

  

Peak Demand ImpactSavings (kW) = (Refold ï Refnew) *(Ref DF) 

 

Space Conditioning Measures 

 

When available, gas heat measure savings will be based on heating use.  If only total gas 

use is known, heating use will be estimated as total use less 300 therms. 

 

 Air Sealing 

It is assumed that air sealing is the first priority among candidate space conditioning 

measures.  Expected percentage savings is based on previous experiences with measured 

savings from similar programs.  Note there are no summer coincident electric peak 

demand savings estimated at this time.   

 

Algorithm 

Algorithm 

 

Electricity ImpactEnergy Savings (kWh/yr) = ESCpre X* 0.05 

 

MMBtu savings = (GHpre X* 0.05) 
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Furnace/Boiler Replacement 

 

Quantification of savings due to furnace and boiler replacements implemented under the 

low-income program will be based on the algorithms presented in the Residential Gas 

HVAC section of these Protocols. 

 Duct Sealing and Repair 

The second priority for homes with either Central Air Conditioning (CAC) or some other 

form of ducted distribution of electric space conditioning (electric furnace, gas furnace or 

heat pump) is ensuring integrity and effectiveness of the ducted distribution system.   

 

Algorithm 

 

 

Algorithm 

With CAC 

Electricity ImpactEnergy Savings (kWh/yr) = (ECoolpre) X* 0.10 

 

Peak Demand ImpactSavings (kW) = (Ecoolpre X* 0.10) / EFLH X* AC CF 

 

MMBtu savings = (GHpre X* 0.02) 

 

No CAC  

Electricity ImpactEnergy Savings (kWh/yr) = (ESCpre.) X* 0.02 

 

MMBtu savings = (GHpre X* 0.02) 

 

 

Combined space and water heating (Combo) 

 
Participants installing a qualifying boiler or furnace and a qualifying water heater at the same 

time earn a special incentive. For savings calculations, there is no special consideration. The 

heating system savings are calculated according to the appropriate algorithm and the water 

heating savings are calculated separately according to the system type. 

 Insulation Up-GradesUpgrades  

For savings calculations, it is assumed that any applicable air sealing and duct 

sealing/repair have been done, thereby reducing the space conditioning load, before 

consideration of upgrading insulation.  Attic insulation savings are then projected on the 

basis of the ñnewò load.  Gas savings are somewhat greater, as homes with gas heat 

generally have less insulation. 
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Algorithm 

 

Electricity Impact Energy savings (kWh/yr) = (ESCpre) X* 0.08 

 

MMBtu savings = GHpre X* 0.13 

 

 Thermostat Replacement 

Thermostats are eligible for consideration as an electric space conditioning measure only 

after the first three priority items.  Savings projections are based on a conservative 3% of 

the ñnewò load after installation of any of the top three priority measures. 

 

Algorithm 

 

Electricity ImpactEnergy Savings (kWh/yr) = (ESCpre) X* 0.03  

 

MMBtu savings = (GHpre X* 0.03) 

 

 Heating and Cooling Equipment Maintenance Repair/Replacement 

Savings projections for heat pump charge and air flow correction.  Protocol savings 

account for shell measures having been installed that reduce the pre-existingpreexisting 

load. 

 
Algorithm 

 

Algorithm 

Electricity ImpactEnergy Savings (kWh/yr) = (ESCpre) X* 0.17 

 

Peak Demand ImpactSavings (kW) = (Capy/EER X* 1000) X* HP CF X* DSF 

 

Gas HVAC Repairs 

This section provides energy savings algorithms for existing gas HVAC repairs in 

residential applications. The savings calculation requires measurement of steady state 

furnace efficiency before and after repairs using an electronic combustion analyzer. 

Alternatively, before and after repair efficiencies may be measured following the method 

described in ANSI/ASHRAE Standard 103-2007, Method of Testing for Annual Fuel 

Utilization Efficiency of Residential Central Furnaces and Boilers. Maximum post repair 

efficiency must not exceed equipment nameplate efficiency. Technicians performing 

repairs must provide documentation of before- and after-combustion analysis results. 
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Algorithms 

 

Fuel Savings (MMBtu/yr) = Capin × EFLHh × (1/SSEb ï 1/SSEq) / 1,000kBtu/MMBtu 

 

 

Definition of Variables 

Capin = input capacity of existing unit in kBtu/hr 

EFLHh = equivalent full load heating hours 

SSEb = Steady state efficiency of baseline gas HVAC equipment 

SSEq = Steady state efficiency of repaired gas HVAC equipment 

 

Summary of Inputs 

Gas HVAC Repairs 

Component Type Value Source 

Furnace rating Variable  Application 

EFLHh Fixed 965 NJ utility analysis of heating customers, 

annual gas heating usage 

SSEq Variable  Application 

SSEb  Variable  Application 

 

Example: If a furnace has a 90 kBtu/hr input capacity, baseline efficiency of 85%, and 

post repairs efficiency of 90%, the fuel savings would be calculated as FS = 90kBtu/hr × 

965 hr × (1/0.85 ï 1/0.90)/1,000kBtu/MMBtu = 5.67 MMBtu/yr. 

 

 

Formatted:  Level 4, Keep with next

Formatted:  (none)

Formatted:  Indent:  First line:  0.25"

Formatted:  Font: 12 pt, Not Bold

Formatted:  Normal, Left, Right:  0", Line
spacing:  single

Formatted:  (none)

Formatted:  Space After:   1 pt, Don't keep
with next

Formatted  Table

Formatted:  Space After:   1 pt

Formatted:  Indent:  First line:  0"

Formatted:  Heading 3, Indent:  Left:   0", First
line:  0", Tab stops: Not at  0.5"



New Jerseyôs Clean Energy Program Page 58 

Protocols to Measure Resource Savings 

Other ñCustomò Measures 

In addition to the typical measures for which savings algorithms have been developed, it 

is assumed that there will be niche opportunities that should be identified and addressed.  

The savings for these custom measures will be reported based on the individual 

calculations supplied with the reporting.  As necessary the program working group will 

develop specific guidelines for frequent custom measures for use in reporting and 

contractor tracking.  

 

Definition of Terms 

 

CFLwatts = Average watts replaced for a CFL installation. 

 

CFLhours = Average daily burn time for CFL replacements. 

 

Fixtwatts = Average watts replaced for an efficient fixture installation. 

 

Fixthours = Average daily burn time for CFL replacements. 

 

Torchwatts = Average watts replaced for a Torchiere replacement. 

 

Torchhours = Average daily burn time for a Torchiere replacements. 

 

LEDwatts = Average watts replaced for an LED installation. 

 

LEDhours = Average daily burn time for LED replacements. 

 

LEDNwatts = Average watts replaced for an LED nightlight installation. 

 

LEDNhours = Average daily burn time for LED nightlight replacements. 

 

Light CF = Summer demand coincidence factor for all lighting measures. Currently fixed 

at 5%.  

 

HWeavg = Average electricity savings from typical electric hot water measure package.   

 

HWgavg = Average natural gas savings from typical electric hot water measure package. 

 

HWwatts = Connected load reduction for typical hot water efficiency measures  
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HW CF = Summer demand coincidence factor for electric hot water measure package. 

Currently fixed at 75%. 

 

Refold = Annual energy consumption of existing refrigerator based on on-site monitoring. 

 

Refnew = Rated annual energy consumption of the new refrigerator. 

 

Ref DF = kW /kWh of savings.  Refrigerator demand savings factor. 

 

Ref CF = Summer demand coincidence factor for refrigeration. Currently 100%, diversity 

accounted for in the Ref DF factor.   

 

ESCpre = Pre-treatment electric space conditioning consumption. 

 

ECoolpre = Pre-treatment electric cooling consumption. 

 

EFLH = Equivalent full load hours of operation for the average unit.  This value is 

currently fixed at 650 hours.  

 

AC CF = Summer demand coincidence factor for air conditioning. Currently 85%. 

 

Capy = Capacity of Heat Pump in Btuh 

 

EER = Energy Efficiency Ratio of average heat pump receiving charge and air flow 

service.  Fixed at 9.2 

 

HP CF = Summer demand coincidence factor for heat pump. Currently fixed at 70%. 

 

DSF = Demand savings factor for charge and air flow correction.  Currently fixed at 7%. 

 

GCpre = Pre-treatment gas consumption. 

 

GHpre = Pre-treatment gas space heat consumption (=.GCpre less 300 therms if only total 

gas use is known. 

 

WS = Water Savings associated with water conservation measures. Currently fixed at 

3,640 gallons per year per home receiving low -flow showerheads, plus 730 

gallons saved per year aerator installed. 
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Residential Low Income 

 

Component Type Value SourcesSource 

CFLWatts Fixed 42 Wattswatts 1 

CFLHours Fixed 2.5 hours 1 

FixtWatts Fixed 100-ï120 Wattswatts 1 

FixtHours Fixed 3.5 hours 1 

TorchWatts Fixed 245 Wattswatts 1 

TorchHours Fixed 3.5 hours 1 

LEDWatts Fixed 52 Wattswatts 14 

LEDHours Fixed 2.5 hours 14 

LEDNWatts Fixed 6.75 Wattswatts 14 

LEDNHours Fixed 12 hours 15 

Light CF Fixed 5% 2 

Elec. Water Heating 

Savings 

Fixed 178 kWh  3 

Gas Water Heating 

Savings 

Fixed 1.01 MMBTUMMBtu 3 

WS Water Savings Fixed 3,640 gal/year per home 

receiving low -flow 

shower heads, plus 1,460 

gal/year per home 

receiving aerators. 

12 

HWwatts Fixed 0.022 kW 4 

HW CF Fixed 75% 4 

Refold Variable  Contractor 

Tracking 

Refnew Variable  Contractor 

Tracking and 

Manufacturer data 

Ref DF Fixed 0.000139 kW/kWh 

savings 

5 

RefCF Fixed 100% 6 

ESCpre Variable  7 

Ecoolpre Variable  7 

ELFH Fixed 650 hours 8 

AC CF Fixed 85% 4 

Capy Fixed 33,000 Btu/hr 1 

EER Fixed 11.3 8 

HP CF Fixed  70% 9 

DSF Fixed 7% 10 
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Component Type Value SourcesSource 

GCpre Variable  7 

GHpre Variable  7 

Time Period 

Allocation Factors -

ï Electric 

 

Fixed Summer/On-Peak 21% 

Summer/Off-Peak 22% 

Winter/On-Peak 28% 

Winter/Off-Peak 29% 

11 

Time Period 

Allocation Factors -

ï Gas 

Fixed Heating: 

Summer 12% 

Winter 88% 

 

Non-Heating: 

Summer 50% 

Winter 50% 

13 

 

 

 

 

Sources/Notes: 

1. Working group expected averages for product specific measures.  

2. Efficiency Vermont, Technical Reference User Manual, 2016 ï average for lighting 

products.  

3. Experience with average hot water measure savings from low income and direct 

install programs. 

4. VEIC estimate. 

5. UI Refrigerator Load Data profile, .16 kW (5pm5 p.m. July) and 1,147 kWh annual 

consumption. 

6. Diversity accounted for by Ref DF. 

7. Billing histories and (for electricity) contractor calculations based on program 

procedures for estimating space conditioning and cooling consumption. 

8. Average EER for SEER 13 units. 

9. Analysis of data from 6 utilities by Proctor Engineering 

10. From Neme, Proctor and Nadel, 1999. 

11. These allocations may change with actual penetration numbers are available. 

12. VEIC estimate, assuming 1 GPM reduction for 14 five 5-minute showers per week 

for shower heads, and 4 gallons saved per day for aerators. 

13. Heating:  Prorated based on 12% of the annual degree days falling in the summer 

period and 88% of the annual degree days falling in the winter period. 

Non-Heating:  Prorated based on 6 months in the summer period and 6 months in the 

winter period. 

Formatted:  Table Header

Formatted  Table

Formatted:  Table Header, Indent:  Left:   0"

Formatted:  Table Cells

Formatted:  Table Cells

Formatted:  Table Cells

Formatted:  Table Cells

Formatted:  Font: Bold

Formatted:  Font: Bold

Formatted:  Table Cells

Formatted:  Space After:   6 pt

Formatted:  Indent:  Left:   0", Space Before:  3
pt, After:   3 pt



New Jerseyôs Clean Energy Program Page 62 

Protocols to Measure Resource Savings 

14. ñNJ Comfort Partners Energy Saving Protocols and Engineering Estimates.ò Apprise, 

June 2014. Available at 

http://www.njcleanenergy.com/files/file/Protocol%20and%20Engineering%20Estima

te%20Summary.pdft,ò Apprise, June 2014; available at 

http://www.njcleanenergy.com/files/file/Protocol%20and%20Engineering%20Estima

te%20Summary.pdf. 

15. Pennsylvania Technical Reference Manual., June 2016. Page, p. 27. Available; 

available at 

http://www.puc.pa.gov/pcdocs/1370278.docxthttp://www.puc.pa.gov/pcdocs/137027

8.docxt. 
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Residential New Construction Program 

Protocols 

 Single-Family, Multi -Single and Low-Rise Multifamily Building Shell 

 

Energy Whole building energy savings due to thermal shell and mechanical equipment 

improvements in residential new construction and ñgutò renovation projects are 

calculated using outputs from REM/RateÊRESNET accredited Home Energy Rating 

System (HERS) modeling software
20

.  All program homes are modeled in 

REM/Rateusing accredited software to estimate annual energy consumption for heating, 

cooling and, hot water.  , and other end uses within the HERS asset rating. Standards for 

energy efficient new construction in New Jersey are based on national platforms 

including IECC 2015, EPA ENERGY STAR® Certified New Homes Program, EPA 

ENERGY STAR Multifamily High-Rise Program (MFHR), and the DOE Zero Energy 

Ready Home (ZERH) Program. All of these pathways are based on and incorporate by 

reference the applicable HERS standards, including but not limited to, the Mortgage 

Industry National Home Energy Rating System Standard & Addenda and 

ANSI/RESNET/ICC Standard 30.
21

 

Single-Family, Multi -Single (townhomes), Low-Rise Multifamily 

The program home is then modeled to a baseline specification using REM/Rateôsa 

program-specific  reference home (referred to in some software as a User Defined 

Reference Home (or UDRH) feature.  The UDRHprogram reference home specifications 

are set according to the lowest efficiency specified by applicable codes and standards, 

thereby representing a New Jersey specific baseline specification is  forhome against 

which the improved efficiency of program homes permitted prioris measured. 

 

The NJCEP reference home shall be updated as necessary over time to andreflect the 

efficiency values of HERS Minimum Rated Features based on: 

 

¶ The prescriptive minimum values of the IECC 2015version applicable to the 

home for which savings are being calculated; 

¶ The Federal Minimum Efficiency Standards applicable to each rated feature at the 

time of permitting (e.g. minimum AFUE and SEER ratings for heating and air 

conditioning equipment, etc.); 

¶ An assessment of baseline practice, as available, in the event that either of the 

above standards reference a non-specific value (e.g. ñvisual inspectionò); 

¶ Exclusion of specific rated features from the savings calculation in order to 

remove penalties for building science based best practice requirements of the 

                                                 

 
20

 Accredited Home Energy Rating Systems (HERS) software, 

http://www.remrate.com/resnet.us/professional/programs/software 
21

 http://www.resnet.us/professional/standards 
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program (e.g. by setting the reference and rated home to the same value for 

program-required mechanical ventilation); 

¶ Other approved adjustments as may be deemed necessary. 

 

The RNC program currently specifies three standards for program qualification: 

¶ IECC 2015 Energy Rating Index (for homes permitted on or after March 21, 

2016.  ) 

¶ ENERGY STAR Certified Homes v3.1 

¶ Zero Energy Ready Home &Zero Energy Home + RE 

 

The difference in modeled annual energy consumption between the program and 

UDRHapplicable baseline reference home is the projectprojected savings for heating, hot 

water, cooling, lighting and appliance end uses. , appliances, and other end uses in the 

HERS Minimum Rated Features, as well as on-site renewable gereration, when 

applicable. Coincident peak demand savings are also derived from REM/Raterated 

modeled outputs. 

 

The algorithms that calculate energy and demand savings are as follows:  

 

Energy Savings = (Baseline home energy consumption ï Program home energy 

consumption) 

 

 

The following table describes the baseline characteristics of Climate Zone 4 and 5 

reference homes for single-family, multi-single and low-rise multifamily buildings. 
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REM/Rate User Defined Reference Homes Definition 

Applicable to buildings permitted prior to March 21, 2016 -- Reflects IECC 2009 

Note Data Point Climate Zone 4 Climate Zone  5 

(1) Ceiling Insulation U=0.030 U=0.030 

 Radiant Barrier None None 

(1) Rim/Band Joist U=0.082 U=0.057 

(1) Exterior Walls - Wood U=0.082 U=0.057 

(1) Exterior Walls - Steel U=0.082 U=.057 

 Foundation Walls U=0.059 U=0.059 

(1) Doors U=0.35 U=0.35 

(1) Windows U=0.35 , SHGC=NR U=0.35 , SHGC=NR 

(1) Glass Doors U=0.35 , SHGC=NR U=0.35 , SHGC=NR 

(1) Skylights U=0.60 , SHGC=NR U=0.60 , SHGC=NR 

(2) Floor  U=0.047  U=.033  

 Unheated Slab on Grade R-10, 2 ft R-10, 2 ft 

 Heated Slab on Grade R-15, 2 ft R-15, 2 ft 

 Air Infiltration Rate 7 ACH50 7 ACH50 

 Duct Leakage  8 cfm25 per 100ft
2
 CFA 8 cfm25 per 100ft

2
 CFA  

 Mechanical Ventilation None None 

 Lights and Appliances Use RESNET Default  Use RESNET Default 

 Thermostat Manual Manual 

 Heating Efficiency    

(3)   Furnace 80% AFUE 80% AFUE 

   Boiler 80% AFUE 80% AFUE 

 
  Combo Water Heater 

76% AFUE (Recovery 

Efficiency) 

76% AFUE (Recovery 

Efficiency) 

   Air Source Heat Pump 7.7 HSPF 7.7 HSPF 

 Cooling Efficiency    

   Central Air Conditioning & 

Window AC units 
13.0 SEER 13.0 SEER 

   Air Source Heat Pump 13.0 SEER 13.0 SEER 

(4) Domestic WH Efficiency    

   Electric stand-alone tank 0.90 EF  0.90 EF  

   Natural Gas stand-alone 

tank 0.58 EF  0.58 EF 

   Electric instantaneous 0.93 EF 0.93 EF 

   Natural Gas instantaneous 0.62 EF 0.62 EF 

 Water Heater Tank Insulation None None 

 Duct Insulation, attic supply R-8 R-8 

 Duct Insulation, all other R-6 R-6 

 Active Solar None None 

 Photovoltaics None None 
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UDRH Table Notes 
 

(1) U values represent total wall system U value, including all components (i.e., clear wall, 

windows, doors). 

Type A-1 - Detached one and two family dwellings. 

Type A-2 - All other residential buildings, three stories in height or less. 

(2) All frame floors shall meet this requirement. There is no requirement for floors over 

basements and/or unvented crawl spaces when the basement and/or unvented crawl space 

walls are insulated. 

(3) MEC 95 minimum requirement is 78 AFUE.  However, 80 AFUE is adopted for New 

Jersey based on typical minimum availability and practice. 

(4) Based on the Federal Government standard for calculating EF (50 gallon assumed): 

ÅGas-fired Storage-type EF: 0.67 - (0.0019 x Rated Storage Volume in gallons) 

ÅElectric Storage-type EF: 0.97 - (0.00132 x Rated Storage Volume in gallons) 

ÅInstantaneous Gas-fired EF: 0.62 - (0.0019 x Rated Storage Volume in gallons) 

ÅInstantaneous Electric EF: 0.93 - (0.0013 x Rated Storage Volume in gallons) 
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REM/Rate User Defined Reference Homes Definition 

Applicable to buildings permitted on or after March 21, 2016 -- Reflects IECC 2015 

Note Data Point Climate Zone 4 Climate Zone  5 

(1) Ceiling Insulation U= 0.026 U=0.026 

 Radiant Barrier None None 

(1) Rim/Band Joist U=0.060 U=0.060 

(1) Exterior Walls - Wood U=0.060 U=0.060 

(1) Exterior Walls - Steel U=0.060 U=0.060 

 Foundation Walls U=0.059 U=0.050 

(1) Doors U=0.35 U=0.32 

(1) Windows U=0.35 , SHGC=40 U=0.32 , SHGC=NR 

(1) Glass Doors U=0.35 , SHGC=40 U=0.32 , SHGC=NR 

(1) Skylights U=0.55 , SHGC=40 U=0.55 , SHGC=NR 

(2) Floor  U=0.047  U=.033  

 Unheated Slab on Grade R-10, 2 ft R-10, 2 ft 

 Heated Slab on Grade R-15, 2 ft R-15, 2 ft 

(3) Air Infiltration Rate 7 ACH50 7 ACH50 

 Duct Leakage  4 cfm25 per 100ft
2
 CFA 4 cfm25 per 100ft

2
 CFA  

 Mechanical Ventilation Exhaust only Exhaust only 

 Lighting 75% efficient 75% efficient 

 Appliances Use RESNET Default  Use RESNET Default 

(4) Thermostat Manual Manual 

 Heating Efficiency    

(5)   Furnace 80% AFUE 80% AFUE 

   Boiler 80% AFUE 80% AFUE 

 
  Combo Water Heater 

76% AFUE (Recovery 

Efficiency) 

76% AFUE (Recovery 

Efficiency) 

   Air Source Heat Pump 

Cooling Efficiency 
8.2 HSPF 8.2 HSPF 

 Cooling Efficiency    

   Central Air Conditioning & 

Window AC units 
13.0 SEER 13.0 SEER 

   Air Source Heat Pump 14.0 SEER 14.0 SEER 

(6) Domestic WH Efficiency    

   Electric stand-alone tank 0.90 EF  0.90 EF  

   Natural Gas stand-alone 

tank 0.60 EF  0.60 EF 

   Electric instantaneous 0.93 EF 0.93 EF 

   Natural Gas instantaneous 0.82 EF 0.82 EF 

 Water Heater Tank 

Insulation None None 

 Duct Insulation, attic R-8 R-8 

 Duct Insulation, all other R-6 R-6 

 Active Solar None None 
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REM/Rate User Defined Reference Homes Definition 

Applicable to buildings permitted on or after March 21, 2016 -- Reflects IECC 2015 

 Photovoltaics None None 

UDRH Table Notes 
  

(1) U values represent total system U value, including all components (i.e., clear wall, 

windows, doors). 

Type A-1 - Detached one and two family dwellings. 

Type A-2 - All other residential buildings, three stories in height or less. 

(2) All frame floors shall meet this requirement. There is no requirement for floors over 

basements and/or unvented crawl spaces when the basement and/or unvented crawl space 

walls are insulated. 

(3) Based on New Jerseyôs amendment making the IECC 2015 requirement for air leakage 

testing optional, there is no empirical evidence that baseline new construction is achieving 

the 3 ACH50 tightness level through a visual inspection of checklist air sealing items.  

(4) While the code requires a programmable actual programming is an occupant behavior, both 

the rated home and reference home are set at fixed temperatures of 68 heating and 78 

cooling, so that no savings are counted or lost 

(5) MEC 95 minimum requirement is 78 AFUE.  However, 80 AFUE is adopted for New 

Jersey based on typical minimum availability and practice. 

(6) Based on the Federal Government standard for calculating EF (50 gallon assumed): 

ÅGas-fired Storage-type EF: 0.675 - (0.0015 x Rated Storage Volume in gallons) 

ÅElectric Storage-type EF: 0.97 - (0.00132 x Rated Storage Volume in gallons) 

ÅInstantaneous Gas-fired EF: 0.82 - (0.0019 x Rated Storage Volume in gallons) 

ÅInstantaneous Electric EF: 0.93 - (0.0013 x Rated Storage Volume in gallons 

 

 Multifamily High Rise (MFHR) Protocols 

 Multifamily High Rise (MFHR) 

 

Annual energy and summer coincident peak demand savings for qualifying MFHR 

construction projects (4-6 stories) shall be calculated from the EPA Project Submittal 

document, 'As-BuiltEnergy Star Performance Path Calculator'Calculator (PPC). )
22

. The 

PPC captures outputs from eQuestEPA approved modeling software.  Coincident peak 

demand is calculated only for the following end uses: space cooling, lighting, and 

ventilation.  Clothes washer data cannot be parsed out of the PPC "Misc Equip' field.  

RNC coincident factors are applied to the MFHR demand savings. 

 

Energy and demand savings are calculated using the following equations: 

 

                                                 

 
22

 https://www.energystar.gov/index.cfm?c=bldrs_lenders_raters.nh_mfhr_guidance 
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Energy Savings = Average Baseline energy (kWh/yr and/or therms/yr) - Proposed Design 

energy (kWh/yr and/or therms/yr) 

 

Coincident peak demand = (Average Baseline non-coincident peak demand - Proposed 

Design non-coincident peak demand) * Coincidence Factor 
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ENERGY STAR Energy Efficient Products Program 

 Protocols 

 The following sections detail savings calculations ENERGY STAR Appliances, 

ENERGY STAR  and Lighting, ENERGY STAR Windows, and ENERGY STAR Audit 

Products in residential and multi-family sectors.  

ENERGY STAR Appliances 

 Protocols 

The general form of the equation for the ENERGY STAR Appliance Program measure 

savings algorithms is: 

 

Number of Units X* Savings per Unit 

 

To determine resource savings, the per unit estimates in the protocols will be multiplied 

by the number of appliance units. To determine resource savings, the per unit estimates in 

the protocols will be multiplied by the number of appliance units. The number of units 

will be determined using market assessments and market tracking.   

ENERGY STAR Refrigerators ï CEE Tier 1 

Electricity ImpactSavings (kWh/yr) = ESavREF1 

 

Peak Demand ImpactSavings (kW) = DSavREF1 x*  CFREF 

 

ENERGY STAR Refrigerators ï CEE Tier 2 

Electricity ImpactSavings (kWh/yr) = ESavREF2 

 

Peak Demand ImpactSavings (kW) = DSavREF2 x*  CFREF 

 

ENERGY STAR Clothes Washers ï CEE Tier 1 

Electricity ImpactSavings (kWh/yr) = ESavCW1  

 

Peak Demand ImpactSavings (kW) = DSavCW1 x* CFCW 

 

Gas ImpactSavings (Therms/yr) = EGSavCW1 

 

Water ImpactSavings (gallons/yr) = WSavCW1 
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ENERGY STAR Clothes Washers -ï CEE Tier 2 

Electricity ImpactSavings (kWh/yr) = ESavCW2  

 

Peak Demand ImpactSavings (kW) = DSavCW2 x* CFCW 

 

Gas ImpactSavings (Therms/yr) = EGSavCW2 

 

Water ImpactSavings (gallons/yr) = WSavCW2 

 

ENERGY STAR Set Top Boxes [Inactive 2017, Not Reviewed] 

Electricity Impact (kWh) = ESavSTB 

 

Demand Impact (kW) = DSavSTB x*  CFSTB 

 

Advanced Power Strip ï Tier 1 

Electricity Impact (kWh) = ESavAPS 

 

Demand Impact (kW) = DSavAPS x*  CFAPS 

 

Advanced Power Strip ï Tier 2 

Electricity Impact (kWh/yr) = ESavAPS2 

 

Demand Impact (kW) = DSavAPS2 x*  CFAPS 

 

ENERGY STAR Electric Clothes Dryers ï Tier 1 

Electricity ImpactSavings (kWh/yr) = ESavCDE1 

  

Peak Demand ImpactSavings (kW) = DSavCDE1 x*  CFCD 

 

ENERGY STAR Gas Clothes Dryers ï Tier 1 

Electricity ImpactSavings (kWh/yr) = ESavCDG1 

  

Peak Demand ImpactSavings (kW) = DSavCDG1 x*  CFCD 

 

Gas ImpactSavings (Therms/yr) = GSavCDG1 

 

ENERGY STAR 2014 Emerging Technology Award Electric Clothes Dryers ï Tier 2 

Electricity ImpactSavings (kWh/yr) = ESavCDE2 

  

Peak Demand ImpactSavings (kW) = DSavCDE2 x*  CFCD 

 

Formatted:  Heading 4

Formatted:  Normal, Indent:  First line:  0.25",
Space Before:  3 pt, After:   3 pt, Don't keep
with next

Formatted:  Normal, Indent:  First line:  0.25",
Space Before:  3 pt, After:   3 pt, Don't keep
with next

Formatted:  Normal, Indent:  First line:  0.25",
Space Before:  3 pt, After:   3 pt, Don't keep
with next

Formatted:  Indent:  First line:  0.25", Space
Before:  3 pt, After:   3 pt

Formatted:  Subscript

Formatted:  Heading 4

Formatted:  Indent:  First line:  0.25"

Formatted:  Indent:  First line:  0.25"

Formatted:  Heading 4

Formatted:  Indent:  First line:  0.25"

Formatted:  Indent:  First line:  0.25"

Formatted:  Normal

Formatted:  Indent:  First line:  0.25"

Formatted:  Indent:  First line:  0.25"

Formatted:  Heading 4

Formatted:  Normal, Indent:  First line:  0.25",
Space Before:  3 pt, After:   3 pt

Formatted:  Space Before:  3 pt, After:   3 pt

Formatted:  Heading 4

Formatted:  Normal, Indent:  First line:  0.25",
Space Before:  3 pt, After:   3 pt

Formatted:  Space Before:  3 pt, After:   3 pt

Formatted:  Normal, Indent:  First line:  0.25",
Space Before:  3 pt, After:   3 pt

Formatted:  Heading 4

Formatted:  English (U.S.)

Formatted:  English (U.S.)

Formatted:  Normal, Indent:  First line:  0.25",
Space Before:  3 pt, After:   3 pt

Formatted:  Space Before:  3 pt, After:   3 pt



New Jerseyôs Clean Energy Program Page 73 

Protocols to Measure Resource Savings 

ENERGY STAR 2014 Emerging Technology Award Gas Clothes Dryers ï Tier 2 

Electricity ImpactEnergy Savings (kWh/yr) = ESavCDG2 

 

Peak Demand ImpactSavings (kW) = DSavCDG2 *  CFCD 

 

Gas ImpactSavings (Therms) = GSavCDG1/yr) = GSavCDG2 

 

ENERGY STAR Room AC ï Tier 1 [Inactive 2017, Not Reviewed] 

Electricity Impact (kWh) = ESavRAC1 

 

Demand Impact (kW) = DSavRAC1  

 

ENERGY STAR Room AC ï Tier 2 [Inactive 2017, Not Reviewed] 

Electricity Impact (kWh) = ESavRAC2 

 

Demand Impact (kW) = DSavRAC2  

 

ENERGY STAR Room Air Purifier [Inactive 2017, Not Reviewed] 

Electricity Impact (kWh) = ESavRAP 

Demand Savings (kW) = DSavRAC2 is based on the CADR in the table below 

 

Where ESavRAP is based on the CADR in table below 

 

Room Air Purifier Deemed kWh Table 

Clean Air 

Delivery Rate 

(CADR) 

CADR used 

in 

calculation 

Baseline Unit 

Energy 

Consumption 

(kWh/year) 

ENERGY STAR 

Unit Energy 

Consumption 

(kWh/year) 

ESavRAP 

CADR 51-100 75 441 148 293 

CADR 101-150 125 733 245 488 

CADR 151-200 175 1025 342 683 

CADR 201-250 225 1317 440 877 

CADR Over 

250 
275 1609 537 1072 

 

Demand Impact (kW) = DSavRAC2 is based on the CADR in the table below 
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Room Air Purifier Deemed kW Table 

Clean Air Delivery Rate DSavRAC2 

CADR 51-100 0.034 

CADR 101-150 0.056 

CADR 151-200 0.078 

CADR 201-250 0.101 

CADR Over 250 0.123 

 

ENERGY STAR Freezer [Inactive 2017, Not Reviewed] 

 Electricity Impact (kWh) = ESavFRZ 

 

Demand Impact (kW) = DSavFRZ based on table below 

 

ENERGY STAR Soundbar [Inactive 2017, Not Reviewed] 

Electricity Impact (kWh) = ESavSDB 

 

Demand Impact (kW) = DSavSDB  

 

Definition of Variables 
 

Definition of Terms 

 

 

ESavREF1 = Electricity savings per purchased ENERGY STAR refrigerator ï CEE Tier 1. 

 

DSavREF1 = Summer demand savings per purchased ENERGY STAR refrigerator ï CEE Tier 

1. 

 

ESavREF2 = Electricity savings per purchased ENERGY STAR refrigerator ï CEE Tier 2. 

 

DSavREF2 = Summer demand savings per purchased ENERGY STAR refrigerator ï CEE Tier 

2. 

 

ESavCW1 = Electricity savings per purchased ENERGY STAR clothes washer. 

 

DSavCW1 = Summer demand savings per purchased ENERGY STAR clothes washer. 

 

GSavCW1 = Gas savings per purchased clothes washer ENERGY STAR clothes washer. 

 

WSavCW1 = Water savings per purchased clothes washer ENERGY STAR clothes washer. 

 

ESavCW2 = Electricity savings per purchased CEE Tier 2 ENERGY STAR clothes washer. 
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DSavCW2 = Summer demand savings per purchased CEE Tier 2 ENERGY STAR clothes 

washer. 

 

GSavCW2 = Gas savings per purchased CEE Tier 2 ENERGY STAR clothes washer 

 

WSavCW2 = Water savings per purchased CEE Tier 2 ENERGY STAR clothes washer. 

 

ESavSTB = Electricity savings per purchased ENERGY STAR set top box. 

 

DSavSTB = Summer demand savings per purchased ENERGY STAR set top box. 

 

ESavAPS1 = Electricity savings per purchased advanced power strip. 

 

DSavAPS1 = Summer demand savings per purchased advanced power strip. 

 

ESavAPS2 = Electricity savings per purchased Tier 2 advanced power strip. 

 

DSavAPS2 = Summer demand savings per purchased Tier 2 advanced power strip. 

 

ESavCDE1 = Electricity savings per purchased ENERGY STAR electric clothes dryer. 

 

DSavCDE1 = Summer demand savings per purchased ENERGY STAR electric clothes dryer. 

 

ESavCDG1 = Electricity savings per purchased ENERGY STAR gas clothes dryer. 

 

DSavCDG1 = summerSummer demand savings per purchased ENERGY STAR gas clothes 

dryer. 

 

GSavCDG1 = Gas savings per purchased ENERGY STAR gas clothes dryer. 

 

ESavCDE2 = Electricity savings per purchased Tier 2 ENERGY STAR electric clothes dryer 

meeting the ENERGY STAR 2014 Emerging Technology Award criteria. 

 

DSavCDE2  = Demand savings per purchased Tier 2 ENERGY STAR electric clothes dryer 

meeting the ENERGY STAR 2014 Emerging Technology Award criteria..  

 

ESavCDG2 = Electricity savings per purchased Tier 2 ENERGY STAR gas clothes dryer 

meeting the ENERGY STAR 2014 Emerging Technology Award criteria. 
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DSavCDG2  = Demand savings per purchased gas Tier 2 ENERGY STAR  gas clothes dryer 

meeting the ENERGY STAR 2014 Emerging Technology Award criteria. 

 

GSavCDG2 = Gas savings per purchased Tier 2 ENERGY STAR gas clothes dryer meeting 

the ENERGY STAR 2014 Emerging Technology Award criteria., 

 

ESavRAC1 = Electricity savings per purchased ENERGY STAR room air conditioner. 

 

DSav RAC1 = Summer demand savings per purchased ENERGY STAR room air conditioner. 

 

ESavRAC1 = Electricity savings per purchased Tier 2 room air conditioner. 

 

DSav RAC2 = Summer demand savings per purchased Tier 2 room air conditioner. 

 

ESavRAC1 = Electricity savings per purchased ENERGY STAR room air purifier. 

 

DSav RAP = Summer demand savings per purchased ENERGY STAR room air purifier. 

 

ESavFRZ = Electricity savings per purchased ENERGY STAR freezer. 

 

DSav FRZ = Summer demand savings per purchased ENERGY STAR freezer. 

 

ESavSDB = Electricity savings per purchased ENERGY STAR soundbar. 

 

DSavSDB = Summer demand savings per purchased ENERGY STAR soundbar 

 

TAF = Temperature Adjustment Factor 

 

LSAF = Load Shape Adjustment Factor 

 

CFREF, CFCW, , CFDH, CFRAC, , CFSTB, , , , CFAPS, CFCD = Summer demand coincidence 

factor.   

 

 

Summary of Inputs 

ENERGY STAR  Appliances 

Component Type Value Sources 

ESavREF1 Fixed 59 kWh 5 
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Component Type Value Sources 

DSavREF1 Fixed 0.007 kW 5 

ESavREF2 Fixed 89 kWh 5 

DSavREF2 Fixed 0.01 kW 5 

REF Time Period 

Allocation Factors 

Fixed Summer/On-Peak 20.9% 

Summer/Off-Peak 21.7% 

Winter/On-Peak 28.0% 

Winter/Off-Peak 29.4% 

1 

ESavCW1 Fixed 55 kWh 2 

GsavCW1 Fixed  4.8 therms 2 

DSavCW1 Fixed 0.005 kW 2 

WSavCW1 Fixed 2175 gallons 2 

ESavCW2 Fixed 61 kWh 2 

GsavCW2 Fixed  9.00 therms 2 

DSavCW2 Fixed 0.006 kW 2 

WSavCW2 Fixed 2966 gallons 2 

CW, CD Electricity 

Time Period Allocation 

Factors 

Fixed Summer/On-Peak 24.5% 

Summer/Off-Peak 12.8% 

Winter/On-Peak 41.7% 

Winter/Off-Peak 21.0% 

1 

CW, CD Gas Time 

Period Allocation Factors 

Fixed Summer 50% 

Winter 50% 

3 

CFREF, CFCW,   CFSTB, 

CFAPS, CFCD 

Fixed 1.0, 1.0, 1.0, 1.0, 1.0, 

1.01.0 

4 

CFACCFRAC Fixed 0.31 14 

ESavSTB Fixed 44 kWh 67 

DSavSTB Fixed 0.005 kW 67 

ESavAPS1 Fixed 102.8 kWh 8 

DSavAPS1 Fixed 0.012 kW 8 

ESavAPS2  Fixed 346 kWh 9 

DSavAPS2 Fixed 0.039 kW 9 

APS, STB Time Period 

Allocation Factors 

Fixed Summer/On-Peak 16% 

Summer/Off-Peak 17% 

Winter/On-Peak 32% 

Winter/Off-Peak 35% 

10 

ESavCDE1 Fixed 186 kWh 12 

DSavCDE1 Fixed 0.016 kW 12 

ESavCDG1 Fixed 9 kWh 12 

DSavCDG1 Fixed 0.001 kW 12 

GSavCDG1 Fixed 5.8 therms 12 
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Component Type Value Sources 

ESavCDE2 Fixed 388 kWh 12,13 

DSavCDE2 Fixed 0.029 kW 12,13 

ESavCDG2 Fixed 42.94 kWh 14 

DSavCDG2 Fixed 0.003 kW 14 

GSavCDG2 Fixed 7.69 therms 14 

ESavRAC1 Fixed 9 kWh 14 

DSavRAC1 Fixed 0.008 14 

ESavRAC2 Fixed 19.3 kWh 14 

DSavRAC2 Fixed 0.018 14 

ESavRAP Variable Dependent on CARD  

DSavRAP Variable Dependent on CADR  

ESavFRZ Fixed 41.2 kWh 14 

DSavFRZ Fixed 0.0067 kW 14 

ESavSDB Fixed 44 kWh 1514 

DSavSDB Fixed 0.0005 kW 1514 

TAF Fixed 1.23 14 

LSAF Fixed 1.15 14 

 

Sources: 

1. Time period allocation factors used in cost-effectiveness analysis.  From 

residential appliance load shapes. 

2. Clothes washer energy and water savings estimates are based on clothes washers 

that exceed the federal standard with a shipment weighted average measured 

integrated modified energy factor (IMEF) of 1.66 and integrated water factor 

(IWF) of 5.92 versus that of ENERGY STAR models with IMEF of 2.26 and of 

3.93 and CEE Tier 2 models at IMEF of 2.74 and WF of 3.21. See Mid-Atlantic 

Technical Reference Manual Version 5.0 April 2015 page 209 available at 

http://www.neep.org/mid-atlantic-technical-reference-manual-v5.6.0. This 

assumes 87% of participants have gas water heating and 56% have gas drying (the 

balance being electric) based on 2009 RECS data for New Jersey. Demand 

savings are calculated based on 317 annual cycles from 2009 RECS data for New 

Jersey. See 2009 RECS Table HC8.8  Water Heating in U.S. Homes in Northeast 

Region, Divisions, and States and Table HC3.8  Home Appliances in Homes in 

Northeast Region, Divisions, and States.   

3. Prorated based on 6 months in the summer period and 6 months in the winter 

period.  

4. The coincidence of average appliance demand to summer system peak equals 1 

for demand impacts for all appliances reflecting embedded coincidence in the 

DSav factor. 

5. ENERGY STAR and CEE Tier 2 refrigerator savings are based on refrigerators 

that exceed the federal standard with a shipment weighted average 2014 measured 

energy use of 592 kWh versus 533 kWh and 503 kWh respectively for eligible 
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ENERGY STAR and CEE Tier 2 models.  Demand savings estimated based on a 

flat 8760 hours of use during the year.  Energy Star Ref: 

https://data.energystar.gov/Active-Specifications/ENERGY-STAR-Certified-

Residential-Refrigerators/p5st-her9 CEE Tier 2 Ref: 

http://library.cee1.org/content/qualifying-product-lists-residential-

refrigeratorshttp://library.cee1.org/content/qualifying-product-lists-residential-

refrigerators.  

6. Energy savings represent the difference between the weighted average eligible 

ENERGY STAR V4.1 models (132 kWh) and minimum requirements of the 2012 

voluntary agreement established by the cable industry and tied to ENERGY 

STAR V3.0 (88 kWh).  Demand savings estimated based on a flat 8760 hours of 

use during the year. On average, demand savings are the same for both Active and 

Standby states and is based on 8760 hours usage. 

7. Set top box lifetimes:  National Resource Defense Counsel, Cable and Satellite 

Set-Top Boxes Opportunities for Energy Savings, 2005.  

http://www.nrdc.org/air/energy/energyeff/stb.pdf  

8. 2010 NYSERDA Measure Characterization for Advanced Power Strips. Study; 

study based on review of: 

a. Smart Strip Electrical Savings and Usability, Power Smart Engineering, 

October 27, 2008. 

b. Final Field Research Report, Ecos Consulting, October 31, 2006. 

Prepared; prepared for California Energy Commissionôs PIER Program. 

c. Developing and Testing Low Power Mode Measurement Methods, 

Lawrence Berkeley National Laboratory (LBNL), September 2004. 

Prepared; prepared for California Energy 

Commissionôs Public Interest Energy Research (PIER) Program. 

d. 2005 Intrusive Residential Standby Survey Report, Energy Efficient 

Strategies, March, 2006. 

9. Energy savings estimates are based on a California Plug Load Research Center 

report, ñTier 2 Advanced Power Strip Evaluation for Energy Saving Incentive.ò  

Demand savings estimated based on a flat 8760 hours of use during the year. 

Savings for Tier 2 APS are temporarily included pending additional support. 

10. 2011 Efficiency Vermont Load shape for Advanced Power Strips. 

11. Advanced Power Strip Measure Life: David Rogers, Power Smart Engineering, 

October 2008: "Smart Strip electrical savings and usability", p22,ò p 22.  

12. Clothes dryer energy and demand savings are based on Mid-Atlantic Technical 

Reference Manual Version 5.0 April 2015 page 237 available at 

http://www.neep.org/mid-atlantic-technical-reference-manual-v5.  Demand 

savings are calculated based on 297 annual cycles from 2009 RECS data for New 

Jersey (See RECS 2009 Table HC3.8  Home Appliances in Homes in Northeast 

Region, Divisions, and States) and an average 10.4 lb load based on paired 

ENERGY STAR washers. Available at http://www.neep.org/mid-atlantic-

technical-reference-manual-v6. 
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13. Savings for clothes dryers meeting the 2014 Emerging Technology Award criteria 

assume an average of measured performance and a 50% usage of both normal and 

most efficient dryer settings for eligible models. 

14. NEEP, Mid-Atlantic TRM V5 

15.14. Mid-Atlantic TRMTechnical Reference Manual, V6 Draft, May 2016. 

 

Residential ENERGY STAR Lighting 

 

Protocols 
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Residential ENERGY STAR Lighting 

 

Savings from the installation of screw-in ENERGY STAR CFLs, ENERGY STAR LED 

lamps, ENERGY STAR fluorescent torchieres, ENERGY STAR indoor specialty LED 

fixtures and, ENERGY STAR outdoor fixtures are based on a straightforward algorithm 

that calculates the difference between existingthe baseline lamp/fixture wattage and new 

lamp/fixture wattage, and the average daily hours of usage for the lighting unit being 

replaced.  An ñ 

Using the tables provided in-serviceò rate  this section, the baseline lamp wattage reflects 

the input wattage associated with a lamp that is used compliant with the corresponding 

standards included in the Energy and Independence and Security Act of 2007.  

The coincidence factor (CF) discounts the peak demand savings to reflect the fact that not 

all lighting products purchased are actually installedkW reduction realized during the 

summer on-peak demand period. This is based on typical operating schedules for the 

geographical area covered by the program. 

HVAC interactive factors are applied to capture the additional savings or penalty 

associated with the impact of lighting measures on the buildingôs HVAC system. A 

reduction in lighting load will result in additional cooling savings during the summer 

period, and a gas heating penalty during the winter period. 

 

Algorithms 
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The general formDefinition of the equation for the ENERGY STARVariables 

Wattsb  = Wattage of baseline connected fixture or other high efficiencylamp 

Wattsq  = Wattage of qualifying connected fixture or lamp 

Qtyb = Quantity of baseline fixtures or lamps 

Qtyq  = Quantity of energy-efficient fixtures or lamps 

Hrs  = Annual lighting operating hours 
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CF  = Coincidence factor 

HVACeheat  = HVAC interaction factor for annual cooling energy savings algorithm is: 

HVACecool  = HVAC interaction factor for annual electric heating energy savings  

HVACd  = HVAC interaction factor for peak demand reduction = 1 - ((HF / ὲὌὩὥὸ) * 

%ElecHeat)) 

HF = Heating factor, or percentage of lighting savings that must be heated 

ὲὌὩὥὸ = Efficiency of heating system 

Summary of Inputs 

Residential ENERGY STAR Lighting 

 

Number of Units X Savings per Unit 

 

Per unit savings estimates are derived primarily from a 2004 Nexus Market Research 

report evaluating similar retail lighting programs in New England (MA, RI and VT).  Per 

unit savings will decrease for CFLs in operation after 2012 due to the effects of federal 

minimum efficiency standards for incandescent lighting. Because CFLs typically have 

rated lifespans of 6-8000 hours (5-7 years) and incandescent light bulbs are rated at 1000 

hours (1 year), after 2013 there will be less of a difference between CFLs in service and 

the incandescents that they would have been replacing.  

 

National lighting efficiency standards are being increased according to the Energy 

Independence and Security Act of 2007 (EISA).
23

  EISA pertains to the efficiency of 

newly manufactured bulbs, not existing stock. Existing Protocol baselines and measure 

lifetimes will remain until the impact of the standard can be fully measured and 

quantified.  The future EISA wattage standards are: 

 

EISA Phase 1  

Component Type Value Source 

Wattsb Variable See Tables below 1 

Wattsq Variable Actual Lamp/Fixture Wattage Application 

Qtyb Variable Actual Lamp/Fixture Quantity Application 

Qtyq Variable Actual Lamp/Fixture Quantity Application 

Hrs Variable 
Interior: 1,205 hrs 

Exterior: 2,007 hrs 
2 

CF Fixed 0.08 3 

HVACeheat 

HVACecool 
Variable See Table below  1 

HVACd Variable See Table below 1 

                                                 

 
23 EISA information available at http://www1.eere.energy.gov/femp/regulations/eisa.html  
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Component Type Value Source 

HF Fixed 
Interior: 0.47 

Exterior: 0.00 
1 

ὲὌὩὥὸ Fixed 0.72 1 

%ElecHeat Fixed 1.0 Default 

 

HVAC Interactive Factors 

 HVACeheat HVACecool HVACd 

Building with cooling -0.11
24

 0.12
25

 0.24
26

 

Building without cooling 

or exterior 

0.0 0.0 0.0 

Unknown -0.11
27

 0.10
28

 0.21
29

 

 

Standard for General Service Bulbs 

 
 

 

                                                 

 
24 From NEEP Mid-Atlantic TRM V6, pg 23: òCalculated using defaults; 1 -((0.47/1.67) * 0.375) ó 
25 From NEEP Mid-Atlantic TRM V6, pg 23: òThe value is estimated at 1.12 (calculated as 1 + 
(0.33 / 2.8)).  Based on cooling loads decreasing by 33% of the lighting savings (average result 
from REMRate modeling of several different building configurations in Wilmington, DE, 
Baltimore, MD and Washington, DC), assuming typical cooling system operating effi ciency of 2.8 
COP (starting from standard assumption of SEER 10.5 central AC unit, converted to 9.5 EER 
using algorithm ( -0.02 * SEER2) + (1.12 * SEER) (from Wassmer, M. (2003); A Component-Based 
Model for Residential Air Conditioner and Heat Pump Energy Calculations. Masters Thesis, 
University of Colorado at Boulder), converted to COP = EER/3.412 = 2.8COP).ó 
26 From NEEP Mid-Atlantic TRM V6, pg 23: òThe value is estimated at 1.24 (calculated as 1 + 
(0.66 / 2.8)). See footnote relating to WHFe for details. N ote the 66% factor represents the 
Residential cooling coincidence factor calculated by dividing average load during the peak 
hours divided by the maximum cooling load (i.e. consistent with the PJM coincident 
definition). ó 
27 From NEEP Mid-Atlantic TRM V6, pg. 23: òCalculated using defaults; 1 -((0.47/1.67) * 0.375) ó 
28 From NEEP Mid-Atlantic TRM V6, pg. 23: òThe value is estimated at 1.10 (calculated as 1 + 
(0.89*(0.33 / 2.8)).  Based on assumption that 89% of homes have central cooling (based on  
KEMA Maryland Energy Baseline Study. Feb 2011.).ó 
29 From NEEP Mid-Atlantic TRM V6, pg. 23: òThe value is estimated at 1.21 (calculated as 1 + 
(0.89 * 0.66 / 2.8)). ó 

Rated Lumen Ranges 
Maximum 

Rate Wattage 

Minimum 

Rate Lifetime 
Effective Date 

Efficacy Ranges 

(lumens per 

watt) 

1490-2600 (~90W ï 

150W) 
72 1000 hrs 1/1/2012 21 ï 36 

1050-1489 (~75W ï 90W) 53 1000 hrs 1/1/2013 20 ï 28 

750-1049 (~60W ï 75W) 43 1000 hrs 1/1/2014 17 ï 24 

310-749 (~30W ï 60W) 29 1000 hrs 1/1/2014 11 ï 26 
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ENERGY STAR CFL Standard and Specialty Bulbs 

 

Standard CFLLED Lamp Wattage Equivalency 1 

Minimum 

Lumens 

Maximum 

Lumens 
WattsBase 

Minimum 

Lumens 

Maximum 

Lumens Wattsb 

4000 6000 300 

3001 3999 200 

2550 3000 150 

2000 2549 125 

1600 1999 72 

1100 1599 53 

800 1099 43 

450 799 29 

250 449 25 

Decorative and non-G40 Globe  

Specialty CFL and LED Lamp Wattage Equivalency  1 

 

Minimum 

Lumens 

Maximum 

Lumens 
Wattsb 

Decorative 500 699 43 

Non-G40 

Globe 

500 574 43 

575 649 53 

650 1099 72 

1100 1300 150 

 

 

SpecialtyBulb Type Lower Lumen 
Range 

Upper Lumen 
Range 

WattsBase 

3-Way 

250 449 25 

450 799 40 

800 1099 60 

1100 1599 75 

1600 1999 100 

2000 2549 125 

2550 2999 150 

Globe 
(medium and intermediate bases less 

90 179 10 

180 249 15 
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SpecialtyBulb Type Lower Lumen 
Range 

Upper Lumen 
Range 

WattsBase 

than 750 lumens) 250 349 25 

350 749 40 

Decorative 
(Shapes B, BA, C, CA, DC, F, G, medium 
and intermediate bases less than 750 

lumens) 

70 89 10 

90 149 15 

150 299 25 

300 749 40 

Globe 
(candelabra bases less than 1050 

lumens) 

90 179 10 

180 249 15 

250 349 25 

350 499 40 

500 1049 60 

Decorative 
(Shapes B, BA, C, CA, DC, F, G, 

candelabra bases less than 1050 
lumens) 

70 89 10 

90 149 15 

150 299 25 

300 499 40 

500 1049 60 

Reflector with medium screw bases w/ 
diameter <=2.25" 

400 449 40 

450 499 45 

500 649 50 

650 1199 65 

R, PAR, ER, BR, BPAR or similar bulb 
shapes with medium screw bases w/ 

diameter >2.5" (*see exceptions below) 

640 739 40 

740 849 45 

850 1179 50 

1180 1419 65 

1420 1789 75 

1790 2049 90 

2050 2579 100 

2580 3429 120 

3430 4270 150 

R, PAR, ER, BR, BPAR or similar bulb 
shapes with medium screw bases w/ 
ŘƛŀƳŜǘŜǊ Ҕ нΦнсϥϥ ŀƴŘ Җ нΦрϦ  όϝǎŜŜ 

exceptions below) 

540 629 40 

630 719 45 

720 999 50 

1000 1199 65 

1200 1519 75 

1520 1729 90 

1730 2189 100 

2190 2899 120 

2900 3850 150 

*ER30, BR30, BR40, or ER40 
400 449 40 

450 499 45 
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SpecialtyBulb Type Lower Lumen 
Range 

Upper Lumen 
Range 

WattsBase 

500 649-1179
30

 50 

*BR30, BR40, or ER40 650 1419 65 

*R20 
400 449 40 

450 719 45 

*All reflector lamps 
below lumen ranges specified above 

200 299 20 

300 399-639
31

 30 

 

Energy Savings (kWh) = (CFLwatts[CFLbase ï CFLee]/1000) X CFLhours X 365 X 

CFLISR 

 

Demand Savings (kW) = ([CFLbase ï CFLee]CFLwatts/1000) X CF X CFLISR  

 

ENERGY STAR LED Recessed Downlights & Integral Lamps/Fixtures 

Some LED products do not allow for a fixture-to-fixture comparison due to unique form 

factors, such as LED rope lights, sign lighting, and cove lighting. 

In these instances, a similar savings and demand algorithm may be used, however with a 

different metric other than fixture quantity entered. For example, a comparison of watts 

per linear foot between LED and incandescent technologies would result in accurate 

energy savings calculations. 

 

Algorithms 
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where: 

 

DὯὡ  

ὰὭὲὩὥὶ ὪὩὩὸ έὪ ὶὩὴὰὥὧὩὨ ὰὭὫὬὸὭὲὫz
 ὦὥίὩὰὭὲὩ ὪὭὼὸόὶὩ ύὥὸὸὥὫὩ έὪ ὰὭὫὬὸὭὲὫ ὴὩὶ Ὢέέὸ ï 

ὰὭὲὩὥὶ ὪὩὩὸ έὪ ὭὲίὸὥὰὰὩὨ ὒὉὈ ὰὭὫὬὸὭὲὫ

 zύὥὸὸὥὫὩ έὪ ὲὩύ ὒὉὈ ὰὭὫὬὸὭὲὫ ὴὩὶ Ὢέέὸ 

 

                                                 

 
30

 The upper bounds for these categories depends on the lower bound of the next higher wattage, which 

varies by bulb type. 
31

 As above. 
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The remaining variables are unchanged from those presented above in the Summary of 

Inputs. 

 

Sources 

1. NEEP, Mid-Atlantic Technical Reference Manual, V6. May 2016., p. 21, pp. 30ï31, 

38ï39, 46ï47, 51ï52, and 59ï60. From the NEEP Mid-Atlantic TRM: ñBase wattage 

is based upon the post first phase of EISA wattage and wattage bins consistent with 

ENERGY STAR, v1.1.ò 

2. Efficiency Vermont, Technical Reference User Manual, 2016, p. 265. The hours of 

use for this measure are based on the assumption that these will be installed in the 

highest use locations due to their high cost. Residential hours of use are based on 

average daily hours of use of 3.3, from Table 3-5, page 43, value for Living Space for 

Upstate New York, from NMR Group, Inc., Northeast Residential Lighting Hours-of-

Use Study, prepared for CT Energy Efficiency Board, Cape Light Compact, 

Massachusetts Energy Efficiency Advisory Council, National Grid MA, National 

Grid RI, NYSERDA, Northeast Utilities, May 5, 2014.   

3. NY, Standard Approach for Estimating Energy Savings, V4, April 2016, p.133. From 

the NY TRM: ñFrom NY TRM 2016, for NYC due to proximity to NJ. From the NY 

TRM: ñThe coincidence factors were derived from an examination of studies 

throughout New England that calculated coincident factors based on the definition of 

system peak period at the time, as specified by the New England Power Pool and 

later, ISO-New England.ò 
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Appliance Recycling Program 

Protocols 

 
LED Fixture Wattage Equivalency  

Bulb Type Lower Lumen 
Range 

Upper Lumen 
Range 

WattsBase 

Reflector with medium screw bases w/ 
diameter <=2.25" 

400 449 40 

450 499 45 

500 649 50 

650 1199 65 

R, PAR, ER, BR, BPAR or similar bulb 
shapes with medium screw bases w/ 

diameter >2.5" (*see exceptions below) 

640 739 40 

740 849 45 

850 1179 50 

1180 1419 65 

1420 1789 75 

1790 2049 90 

2050 2579 100 

2580 3429 120 

3430 4270 150 

R, PAR, ER, BR, BPAR or similar bulb 
shapes with medium screw bases w/ 
ŘƛŀƳŜǘŜǊ Ҕ нΦнсϥϥ ŀƴŘ Җ нΦрϦ  όϝǎŜŜ 

exceptions below) 

540 629 40 

630 719 45 

720 999 50 

1000 1199 65 

1200 1519 75 

1520 1729 90 

1730 2189 100 

2190 2899 120 

2900 3850 150 

*ER30, BR30, BR40, or ER40 

400 449 40 

450 499 45 

500 649-1179
32

 50 

*BR30, BR40, or ER40 650 1419 65 

*R20 
400 449 40 

450 719 45 

*All reflector lamps 
below lumen ranges specified above 

200 299 20 

300 399-639
33

 30 

                                                 

 
32

 The upper bounds for these categories depends on the lower bound of the next higher wattage, which 

varies by bulb type. 
33

 As above. 
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Energy Savings (kWh) = (([LEDFbase ï LEDFee] / 1000) X LEDFHours X 365 X 

LEDFISR 

 

Demand Savings (kW) = ([LEDFbase ï LEDFee] /1000) X CF X LEDFISR  

 

Energy Savings (kWh) = ((LEDwatts / 1000) X LEDHours X 365 X LEDISR 

 

Demand Savings (kW) = (LEDwatts /1000) X CF X LEDISR  

 
The following sections detail savings calculations ENERGY STAR LED Standard and 

Specialty Bulbs 

LED Wattage Equivalency  

Bulb Type Lower Lumen 
Range 

Upper Lumen 
Range 

WattsBase 

Standard  

250 449 25 

450 799 29 

800 1099 43 

1100 1599 53 

1600 1999 72 

2000 2549 125 

2550 3000 150 

3001 3999 200 

4000 6000 300 

3-Way 

250 449 25 

450 799 40 

800 1099 60 

1100 1599 75 

1600 1999 100 

2000 2549 125 

2550 2999 150 

Globe 
(medium and intermediate bases less 

than 750 lumens) 

90 179 10 

180 249 15 

250 349 25 

350 749 40 

Decorative 
(Shapes B, BA, C, CA, DC, F, G, medium 
and intermediate bases less than 750 

lumens) 

70 89 10 

90 149 15 

150 299 25 

300 749 40 

Globe 
(candelabra bases less than 1050 

lumens) 

90 179 10 

180 249 15 

250 349 25 
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Bulb Type Lower Lumen 
Range 

Upper Lumen 
Range 

WattsBase 

350 499 40 

500 1049 60 

Decorative 
(Shapes B, BA, C, CA, DC, F, G, 

candelabra bases less than 1050 
lumens) 

70 89 10 

90 149 15 

150 299 25 

300 499 40 

500 1049 60 

Reflector with medium screw bases w/ 
diameter <=2.25" 

400 449 40 

450 499 45 

500 649 50 

650 1199 65 

R, PAR, ER, BR, BPAR or similar bulb 
shapes with medium screw bases w/ 

diameter >2.5" (*see exceptions below) 

640 739 40 

740 849 45 

850 1179 50 

1180 1419 65 

1420 1789 75 

1790 2049 90 

2050 2579 100 

2580 3429 120 

3430 4270 150 

R, PAR, ER, BR, BPAR or similar bulb 
shapes with medium screw bases w/ 
ŘƛŀƳŜǘŜǊ Ҕ нΦнсϥϥ ŀƴŘ Җ нΦрϦ  όϝǎŜŜ 

exceptions below) 

540 629 40 

630 719 45 

720 999 50 

1000 1199 65 

1200 1519 75 

1520 1729 90 

1730 2189 100 

2190 2899 120 

2900 3850 150 

*ER30, BR30, BR40, or ER40 

400 449 40 

450 499 45 

500 649-1179
34

 50 

*BR30, BR40, or ER40 650 1419 65 

*R20 
400 449 40 

450 719 45 

*All reflector lamps 200 299 20 

                                                 

 
34

 The upper bounds for these categories depends on the lower bound of the next higher wattage, which 

varies by bulb type. 
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Bulb Type Lower Lumen 
Range 

Upper Lumen 
Range 

WattsBase 

below lumen ranges specified above 300 399-639
35

 30 

 
Energy Savings (kWh) = (([LEDbase ï LEDee] / 1000) X LEDHours X 365 X LEDISR 

 

Demand Savings (kW) = ([LEDbase ï LEDee] /1000) X CF X LEDISR  

 
Definition of Terms 

 

CFLbase = Based on lumens of the CFL bulb 

 

CFLee = Actual wattage of CFL purchased/installed 

 

CFLhours = Average hours of use per day per CFL 

 

CFBulb = Summer demand coincidence factor for CFLs and LEDs 

 

CFLISR = In-service rate per CFL 

 

 

CFFixtures = Summer demand coincidence factor for CFL fixtures.   

 

LEDbase = Based on lumens of the LED 

 

LEDee = Actual wattage of LED purchased/installed 

 

LEDhours = Average hours of use per day per LED recessed downlight or integral lamp 

 

LEDISR = In-service rate per LED recessed downlight or integral lamp 

 

LEDFbase = Based on lumens of the LED Fixture 

 

LEDFee = Actual wattage of LED Fixture purchased/installed 

 

LEDFhours = Average hours of use per day per LED Fixture recessed downlight or integral 

lamp 

 

LEDFISR = In-service rate per LED Fixture recessed downlight or integral lamp 

 

 

ENERGY STAR Lighting  

                                                 

 
35

 As above. 
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Component Type Value Sources 

CFLbase Variable Based on lumens 8 

CFLee Variable Actual bulb wattage  

CFLhours Fixed 2.8 6 

CFLISR Fixed 83.4% 5 

CFBulb Fixed 9.9 % 4 

LEDwatts Variable Based on lumens 8 

LEDee Variable Actual bulb wattage  

LEDhours Fixed 2.8 6 

LEDISR Fixed 100% 7 

CFLED Fixed 8.2%  

LEDFwatts Variable Based on lumens 8 

LEDFee Variable Actual fixture wattage  

LEDFhours Fixed 2.8 6 

LEDFISR Fixed 100% 7 

CFLEDF Fized 8.2%  

 

Sources: 

1. Nexus Market Research, ñImpact Evaluation of the Massachusetts, Rhode Island 
and Vermont 2003 Residential Lighting Programsò,  Final Report, October 1, 

2004, p. 43 (Table 4-9) The delta watts are reduced by 22.2% in the same 

proportion to individual CFLs (48.5W to 32.9W) following full enactment of 

EISA requirements. 

2. US Department of Energy, Energy Star Calculator. 

3. Nexus Market Research, ñImpact Evaluation of the Massachusetts, Rhode Island 
and Vermont 2003 Residential Lighting Programsò, Final Report, October 1, 

2004. p. 42 (Table 4-7).  These values reflect both actual installations and the % 

of units planned to be installed within a year from the logged sample.   The 

logged % is used because the adjusted values (i.e. to account for differences 

between logging and telephone survey samples) were not available for both 

installs and planned installs.  However, this seems appropriate because the % 

actual installed in the logged sample from this table is essentially identical to the 

% after adjusting for differences between the logged group and the telephone 

sample (p. 100, Table 9-3). 

4. RLW Analytics, ñDevelopment of Common Demand Impacts for Energy 
Efficiency Measures/Programs for the ISO Forward Capacity Market (FCM)ò, 

prepared for the New England State Program Working Group (SPWG), March 25, 

2007, p. IV. 

5. The average wattage (18.4W) of the standard CFL established in the 2009 

ñNJCEP Residential CFL Impact Evaluation and Protocol Reviewò, September 

28, 2008, p.3-8 (Table 3-6) is adjusted by a post-EISA multiplier (1.79) of the 

2014 Mid-Atlantic Technical Reference Manual V4.0 for calculating the new 

delta watts after the incandescent bulb wattage is reduced (from 100W to 72W in 

2012, 75W to 53W in 2013 and 60W to 43W and 40W to 29W in 2014). 

6. RLW Analytics, New England Residential Lighting Markdown Impact 

Evaluation, January 20, 2009. 
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7. For determining demand savings the baseline was adopted from 2009 KEMA 

evaluation and represents the replacement of a 65W BR30 downlight and high 

efficiency is the average of ENERGY STAR qualified downlights (11/10/2009) 

with lighting output exceeding 475 lumens.  Due to the high incremental cost and 

limited market availability of products, the higher ISR reflects the assumption that 

every LED downlight purchased is directed towards immediate use. 

8. Mid-Atlantic TRM V5 

 

Home Energy Reporting System 

 Protocols 

The purpose of the program is to provide information and tools that residential customers 

can use to make decisions about what actions to take to improve energy efficiency in 

their homes.  The information is mailed in reports separately from a utilityôs regular bill 

to create a neighbor-to-neighbor comparison where homes of similar size are compared to 

each other, as well as targeting energy saving tips to individuals.  The quantity and timing 

of mailed reports will vary by utility and fuel type.    

 

Home Energy Reporting System 

Gas Savings (Therms) = GSavHERS 

 

Component Type Value Sources 

GsavHERS Fixed  13.1 therms 1 

 

Sources:  

1. The average natural gas savings from similar program offered to Puget Sound 

Energy customers.  (Reference:  Evidence from Two Large Field Experiments 

that Peer Comparison Feedback Can Reduce Residential Energy Usage, Ayres, 

2009) 

 

Refrigerator/Freezer Retirement Program 

 Protocols 

retirement program.The general form of the equation for the Refrigerator/Freezer 

Retirement Program savings algorithm is: 

 

Number of Units X* Savings per Unit 

To determine resource savings, the per unit estimates in the protocols will be multiplied 

by the number of appliance units.  
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Algorithm 

To determine resource savings, the per unit estimates in the protocols will be multiplied 

by the number of appliance units.   

 

Unit savings are the product of average fridge/freezer consumption (gross annual 

savings), and a net to gross ratio that adjusts for both free ridership and the portion of 

retired units that are replaced with more efficient new units. 

 

 

Algorithm 

 

Electricity ImpactEnergy Savings (kWh/yr) = ESavRetFridge, ESavRAC, ESavDEHRetFreezer 

 

Peak Demand ImpactSavings (kW) = DSavRetFridge x,RetFreezer *  CFRetFridge 

 

Definition of Terms 

 

 

Definition of Terms 
 

ESavRetFridge = Gross annual energy savings per unit retired refrigerator 

 

ESavRetFreezer = Gross annual energy savings per unit retired freezer 

 

DSavRetFridge = Summer demand savings per retired refrigerator 

 

DSavRetFreezer = Summer demand savings per retired freezer 

 

CFRetFridge = Summer demand coincidence factor. 

 

 

Summary of Inputs 

Refrigerator/Freezer Recycling 

 

Component Type Value SourceSourc

es 

ESavRetFridge Fixed 7611,098 kWh 1 

ESavRetFreezer Fixed 639715 kWh 1 

ESavRAC Fixed 166 kWh 4 

ESavDEH Fixed 169 kWh 5 

DSavRetFridge Fixed 0.11416 kW 31,2 

DSavRetFreezer Fixed 0.114107 kW 31,2 

DSavRAC Fixed 0.16 kW 4 
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Component Type Value SourceSourc

es 

DSavDEH Fixed 0.114 5 

CFRetFridge Fixed 1 41 

 

Sources:  

1. Northeast Energy Efficiency Partnerships, ñNEEP, Mid-Atlantic Technical 

Reference Manualò,  Version 4.0, June, 2014, p. 96.  Savings incorporate 

regression analysis results of EmPower Maryland evaluation of the 2013 

Appliance Recycling Program.   

2.1.Northeast Energy Efficiency Partnerships, ñMid-Atlantic Technical Reference 

Manualò,  Version 4.0, June, 2014, p. 98, V7. May 2017. 

3.2.Coincidence factor already embedded in summer peak demand reduction 

estimates 

4. Mid-Atlantic TRM V5 

5. Rhode Island TRM 2016 Program Year - 

https://www9.nationalgridus.com/non_html/eer/ri/PY2016%20RI%20TRM.pdf 

(pg 20) 
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Home Performance with ENERGY STAR Program 
 

In order to implement Home Performance with Energy Star, there are various standards a 

program implementer must adhere to in order to deliver the program.  The program 

implementer must use software that meets a national standard for savings calculations 

from whole-house approaches such as home performance.  The difference in modeled 

annual energy consumption between the program and existing home is the project savings 

for heating, hot water, cooling, lighting and appliance end uses.The software the program 

implementer uses must adhere to at least one of the following standards: 

The software the program implementer uses must adhere to at least one of the following 

standards: 

 

¶ A software tool whose performance has passed testing according to the National 

Renewable Energy Laboratoryôs HERS BESTEST software energy simulation 

testing protocol.
36

 

¶ Software approved by the US Department of Energyôs Weatherization Assistance 
Program.

37
 

¶ RESNET approved rating software.
38

 

 

There are numerous software packages that comply with these standards.  Some 

examples of the software packages are REM/Rate, Real Home Analyzer, EnergyGauge, 

TREAT, and HomeCheck.   

 

 

 

                                                 

 
36

 Information about BESTEST-EX can be found at 

http://www.nrel.gov/buildings/bestest_ex.html.http://www.nrel.gov/buildings/bestest-_ex.html 
37

 A listing of the approved software available at 

http://www.waptac.org/data/files/Website_Docs/technical_tools/EnergyAuditMatrixTable2.pdf..http://www

.waptac.org/data/files/Website_Docs/technical_tools/EnergyAuditMatrixTable2.pdf 
38

 A listing of the approved software available at http://resnet.us . 
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Commercial and Industrial Energy Efficient Construction 
 

C&I Electric Protocols 

Baselines and Code Changes 

 

In general, efficiency baselines are designed to reflect current market practices - 

typically, the higher of applicable codes or the minimum efficiency of available new 

equipment - and are updated periodically to reflect upgrades in code or information from 

evaluation results.  There are exceptions to this approach, as in the Direct Install program 

(see below). 

 

Baseline data reflect ASHRAE 90.1-2007 for existing building retrofit and ASHRAE 

90.1-2013 for new construction, replacement of failed equipment, end of useful life, and 

entire facility rehabilitation unless otherwise noted for applications designated ñ2011ò.. 

 

Building Shell 

 

Building shell measures identified in an approved Local Government Energy Audit (or 

equivalent) are eligible for incentives through the Custom and Pay for Performance 

program.  Savings for these measures will vary from project to project based on factors 

such as building size, existing levels of insulation and infiltration levels. As a result, 

energy savings for these installed building shell measures will be taken from what is 

provided in the approved AuditenergyAudit and/or energy analysis provided with the 

application submission. 

C&I Electric Protocols 

The following measures are outlined in this section: Performance Lighting, Prescriptive 

Lighting, Refrigerated Case LED Lights, Lighting Controls, ECMs for Refrigeration, 

Electric HVAC Systems, Fuel Use Economizers, Dual Enthalpy Economizers, 

Occupancy Controlled Thermostats, Electric Chillers, VFDs, and Commercial 

Refrigeration. 

Performance Lighting  

 

For new construction and entire facility rehabilitation projects, savings are calculated by 

comparing the lighting power density of fixtures being installed to the baseline power 

densities fromlighting power density, or ñlighting power allowance,ò from the building 

code. For the state of New Jersey, the applicable building code is ASHRAE 90.1 2013.  
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Lighting equipment includes fluorescent fixtures, ballasts, compact fluorescent fixtures,  

LED fixtures, and lamps, and high-intensity discharge fixtures such as metal halide 

lamps.  The measurement of energy savings is based on algorithms with measurement of 

key variables (i.e., Coincidence Factor and Operating Hours) through end-use metering 

data accumulated from a large sample of participating facilities from 1995 through 

1999.and high pressure sodium luminaires.  

 

Algorithms 
 

DË7  Π έὪ ὶὩὴὰὥὧὩὨ ὪὭὼὸόὶὩίᶻὡὥὸὸί ï 

Π έὪ ὪὭὼὸόὶὩί ὭὲίὸὥὰὰὩὨ zὡὥὸὸί = ὒὖὈ ɀ ὒὖὈᶻ3& 
 

%ÎÅÒÇÙ 3ÁÖÉÎÇÓ 
Ë7È

ÙÒ
 ɝË7 z (ÒÓ z ρ Ὄὠὃὅ 

 

0ÅÁË $ÅÍÁÎÄ 3ÁÖÉÎÇÓ Ë7  ɝË7 z #& z ρ Ὄὠὃὅ 
   

 &ÕÅÌ 3ÁÖÉÎÇÓ  ɝË7  z(ÒÓz (6!# 

 

Definition of Variables 

 

Algorithms 

 

Demand Savings = DkW X CF X (1+IF)  

 

Energy Savings = DkW X EFLH X (1+IF)  

 

DkW = (LPDbase ï LPDinst) X SF 

 

Definition of Variables 

 

DkW  = Change in connected load from baseline to efficient lighting level.   

 

LPDbase Wattsb,q = Wattage of existing baseline and qualifying equipment 

LPDb = Baseline lighting power density in Watt per square foot of space floor 

area, based on ASHRAE 90.1 Table 9.6.1 (Space-by-Space Method)  

 

LPDinst  LPDq  = Lighting power density of installedqualified fixtures, equal to the sum of 

installed fixture wattage divided by floor area of the space where the 

fixtures are installed. Wattage of installed fixtures is based on table at 

http://www.sce.com/NR/rdonlyres/FC51087D-2848-42DF-A52A-

BDBA1A09BF8D/0/SCE_B_StandardFixtureWatts010108.pdf.  

 

 SF = space   = Space floor area, Square Footin square feet  
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 CF   = Coincidence Factorfactor 

 

EFLH = Equivalent Full Load Hours 

 

IF = Hrs = Annual operating hours 

 HVACd  = HVAC Interactive Factor for peak demand savings 

 HVACe = HVAC Interactive Factor for annual energy savings 

 HVACg = HVAC Interactive Factor for annual energy savings 

 

Summary of Inputs 

 

Lighting Verification Performance Lighting 

Component Type Value Source 

DkWWattsb,q FixedVa

riable 

See California SPCNGrid Fixture 

Wattage Table:  

 

http://www.sce.com/NR/rdonlyres/F

C51087D-2848-42DF-A52A-

BDBA1A09BF8D/0/SCE_B_Standar

dFixtureWatts010108.pdf  

Fixture counts and types, space type, 

floor area from customer application. 

And Formula Above. 

¶ 1 

¶ Baseline LPD from 

ASHRAE 90.1-

2013 Table 9.6.1 

¶ Installed LPD, 

space type and floor 

area from customer 

application. 

 

 

SF Variable From Customer Application Application 

CF Fixed   See Lighting Table by Building 

Type 

 

 24 

Hrs Fixed See Table by Building Type 4 

IFHVACd Fixed See Lighting Table by Building Type 3 

, 5 

EFLHHVAC

e 

Fixed   See Lighting Table by Building 

Type 

3, 5 

 

HVACg Fixed See Table by Building Type  6 

LPDb Variable Lighting Power Density for, W/SF 2 

LPDq Variable Lighting Power Density, W/SF Application 
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Lighting Hours of Operation and Coincidence Factor by Building Type 

 

Building Type EFLH Sector CF HoursIF 

Education ï Primary School 1,440 0.57 0.15 

Education ï Secondary School 2,456 0.57 0.15 

Education ï Community College 3,416 0.64 0.15 

Education ï University 3,416 0.64 0.15 

Grocery 

6,019Large 

Commercial/Industria

l & Small 

Commercial 

0.8896 0.137,134 

Medical ï Hospital  8,736 0.72 0.18 

Medical ï- Clinic 

4,007Large 

Commercial/Industria

l & Small 

Commercial 

0.728 0.183,909 

Lodging Hotel (Guest Rooms) 1,145 0.67 0.14 

Lodging Motel 8,736 1.00 0.14 

Manufacturing ï Light IndustrialMedical - 

Hospital 

4,781Large 

Commercial/Industria

l & Small 

Commercial 

0.638 
0.048,760

39
 

Office- Large 

3,642Large 

Commercial/Industria

l 

0.687 0.172,969 

Office-Small 
3,642Small 

Commercial 
0.6867 0.172,950 

Restaurant ï Sit-Down 4,089 0.76 0.15 

Restaurant ï Fast-Food 6,188 0.76 0.15 

Retail ï 3-Story LargeOther 

4,103Large 

Commercial/Industria

l & Small 

Commercial 

0.7866 0.114,573 

Retail ï Single-Story Large 

4,103Large 

Commercial/Industria

l 

0.7896 0.114,920 

Retail ï Small 
4,103Small 

Commercial 
0.7886 0.114,926 

                                                 

 
39

 Assume hospital operations are year round. 
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Building Type EFLH Sector CF HoursIF 

Storage Conditioned School 

4,290Large 

Commercial/Industria

l & Small 

Commercial 

0.6950 0.062,575 

Storage Heated or Unconditioned 4,290 0.69 0.00 

Warehouse/ Industrial 

4,009Large 

Commercial/Industria

l 

0.697 0.064,116 

Average = Miscellaneous 
4,268Small 

Commercial 
0.7268 0.133,799 

Unknown
40

 

Large 

Commercial/Industria

l 

0.50 2,575 

  

HVAC Interactive Effects 

Building Type 

Demand Waste 

Heat Factor 

(HVAC d) 

Annual Energy Waste Heat Factor by 

Cooling/Heating Type (HVACe) 

AC 

(Utility)  

AC 

(PJM) 

AC/ 

NonElec 

AC/ 

ElecRes 

Heat 

Pump  

NoAC/ 

ElecRes 

Office 0.35 0.32 0.10 -0.15  -0.06  -0.25   

Retail 0.27 0.26 0.06 -0.17  -0.05  -0.23  

Education 0.44 0.44 0.10 -0.19   -0.04  -0.29  

Warehouse 0.22 0.23 0.02 -0.25  -0.11  -0.27  

Other
41

 0.34 0.32 0.08 -0.18  -0.07  -0.26   

 

 

Interactive Factor (HVACg) for Annual Fuel Savings 

Project 

Type 

Fuel 

Type 

Impact 

(MMBtu/ækWh) 

Large 

Retrofit 

C&I 

Gas 

Heat 

-0.00023 

                                                 

 
40

 Per the NEEP Mid-Atlantic TRM, v7: ñThe ñOtherò building type should be used when the building type 

is known but not explicitly listed above. A description of the actual building type should be recorded in the 

project documentation.  To encourage the use of building type-specific values, the assumed lighting 

coincidence factors for unknown building types have been set equal to the lowest values from the table.ò 
41

 Per the NEEP Mid-Atlantic TRM, v7: ñThe óOtherô building type should be used when the building type 

is known but not explicitly listed above. A description of the actual building type should be recorded in the 

project documentation.ò 
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Large 

Retrofit 

Oil -0.00046 

Small 

Retrofit 

Gas 

Heat 

-0.001075 

Small 

Retrofit 

Oil 

Heat 

-0.000120 

 

Sources *Note: Figures in italics are 

1. Device Codes and Rated Lighting System Wattage Table Retrofit Program, National 

Grid, January 13, 2015. 

https://www1.nationalgridus.com/files/AddedPDF/POA/RILightingRetrofit1.pdf  

2. ASHRAE Standards 90.1-2013, Energy Standard for Buildings Except Low Rise 

Residential Buildings, Table 9.6.1.; available at: https://www.ashrae.org/standards-

research--technology/standards--guidelines. 

3. Average HVAC interactive effects by building type derived from the NEEP Mid-

Atlantic TRM 2017, NEEP, Mid-Atlantic Technical Reference Manual, V7. May 

2017, pp. 464-465. From NEEP TRM: ñEmPOWER Maryland DRAFT Final Impact 

Evaluation Report ï July 2011 (source #5)Evaluation Year 4 (June 1, 2012 ï May 31, 

2013) Commercial & Industrial Prescriptive & Small Business Programs, Navigant, 

March 31, 2014. Values for Washington, D.C. and Delaware assume values from 

Maryland, Pepco and Maryland, DPL, respectively.ò 

4. NEEP Mid-Atlantic TRM 2017, NEEP, Mid-Atlantic Technical Reference Manual, 

V7. May 2017, pp. 462-463. 

Massachusetts TRM, 2016-2018 Program Years, October 2015. Original source: DNV 

KEMA (2013). Impact 

 

Sources: 

1. California Standard Performance Contracting Program 

2. RLW Analytics, Coincident Factor Study, Residential and Commercial & 

Industrial Lighting Measures, 2007. 

3. Quantum Consulting, Inc., for Pacific Gas & Electric Company , Evaluation of 

Pacific Gas & Electric Companyôs 1997 Commercial2010 Prescriptive Lighting 

Installations. Prepared for Massachusetts Energy Efficiency Incentives Program: 

Lighting Technologiesò, March 1, 1999 

4.5.KEMA. New Jerseyôs Clean Energy Program Energy Impact Evaluation and 

Protocol Review.  2009Administrators and Massachusetts Energy Efficiency 

Advisory Council. 

5.6.Northeast Energy Efficiency Partnerships & KEMA for NEEP., C&I Lighting Load 

Shape Project. July 19, 2011  FINAL Report - Prepared for the Regional Evaluation, 

Measurement and Verification Forum. July 19, 2011. 

http://www.neep.org/sites/default/files/products/NEEP_CI_Lighting_LS_FINAL_

Report_ver_5_7-19-11.pdf 
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Prescriptive Lighting 

 

This is a fixture replacement program for existing commercial customers targeted for 

facilities performing efficiency upgrades to their lighting systems.   

 

The baseline for linear and U-bend fluorescent measures is standard T8 fixtures with 

electronic ballasts or actual existing HID fixtures. 

 

The baseline for LED fixtures is the actual fixture being replaced. 

 

The baseline for induction lighting is an equivalent pulse start metal halide fixture (6). 

 

The baseline for LED refrigerator Case Lighting is that the fixture replaced was 2.63 

times the wattage of the replacement LED (7). 

 

New fixtures and technologies available after publication will be periodically updated. 

Baselines will be established based on the guidelines noted below. 

 

Algorithms 

 

 

 

Algorithms 

 

Demand Savings = (DkW) X (CF) X (1+ IF) 

 

Energy Savings = (DkW) X (1 + IF) X (EFLH) 

 

DKW = (Number of fixtures installed X baseline wattage for new fixture) ï 

(number of replaced fixtures X wattage from table) 

 

*For refrigerated case LED fixtures, the following protocols will be applied to account 

for the lighting and refrigeration energy savings associated with this measure.* 

 

Algorithms 

 

Demand Savings = (DkW) X (CF) X (1+ IF) X (1 + (0.28 X Eff)) 

 

Energy Savings = 

(DDὯὡ  Π έὪ ὶὩὴὰὥὧὩὨ ὪὭὼὸόὶὩί zὦὥίὩὰὭὲὩ ὪὭὼὸόὶὩ ύὥὸὸὥὫὩ Ὢὶέά ὸὥὦὰὩ ï 

Π έὪ ὪὭὼὸόὶὩί ὭὲίὸὥὰὰὩὨ zύὥὸὸὥὫὩ έὪ ὲὩύ ὪὭὼὸόὶὩ 
 

%ÎÅÒÇÙ 3ÁÖÉÎÇÓ 
Ë7È

ÙÒ
 DË7  zὌὶίz ρ ὌὠὃὅὩ 

 

Formatted:  Space Before:  6 pt

Formatted:  Normal (Web)

Formatted:  Font: Bold

Formatted:  Heading 4

Formatted:  Font: Bold

Formatted:  No underline



New Jerseyôs Clean Energy Program Page 106 

Protocols to Measure Resource Savings 

0ÅÁË $ÅÍÁÎÄ 3ÁÖÉÎÇÓ Ë7  DË7  zὅὊz  ρ ὌὠὃὅὨ  
 

&ÕÅÌ 3ÁÖÉÎÇÓ 
--"ÔÕ

ÙÒ
ɝË7  z(ÒÓz (6!# 

 

Definition of Variables 

 DkW) X (1 + IF) X EFLH X (1 + (0.28 X Eff)) 

 

 

Definition of Variables 

 

DkW    = Change in connected load from baseline to efficient lighting level.   

 

CF  = Coincidence Factorfactor 

 

EFLH = Equivalent Full Load Hours 

 

IF = Interactive Factor 

 

0.28 = Conversion from kW to tons (Refrigeration) 

 

Eff = Efficiency of typical refrigeration system in kW/ton
 

 

Hrs = Annual hours of operation 

HVACd = HVAC interactive factor for peak demand savings 

HVACe = HVAC interactive factor for annual energy savings 

HVACg = HVAC interactive factor for annual fuel savings 

 

Summary of Inputs 

 

Prescriptive Lighting for Commercial Customers 

 

Component Type Value Source 

DkW  FixedVariable See LightingNGrid Fixture Wattage 

Table derived from California SPC Table 

at:  

 

https://www1.nationalgridus.com/files/Adde

dPDF/POA/RILightingRetrofit1.pdf 

 
And 

(http://www.sce.com/NR/rdonlyres/FC51

1 

Fixture counts 

and types, space 

type, floor area 

from customer 

application. 
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Component Type Value Source 

087D-2848-42DF-A52A-

BDBA1A09BF8D/0/SCE_B_StandardFi

xtureWatts010108.pdf) 

formula above 

CF Fixed Table by Building in Performance 

Lighting Section Above 

3 

CFHrs Fixed See Lighting Table by Building in 

Performance Lighting Section Above 

 

23 

EFLHHVAC

d 

Fixed See Lighting Table by Building Type in 

Performance Lighting Section Above 

 

3, 42 

IFHVACe Fixed See Lighting Table by Building Type in 

Performance Lighting Section Above 

3 

2 

EffHVACg Fixed 1.6See Table by Building Type in 

Performance Lighting Section Above 

54 

 

 

Sources & Notes: 

1. Device Codes and Rated Lighting System Wattage Table Retrofit Program, National 

Grid, January 13, 2015; available at: 

https://www1.nationalgridus.com/files/AddedPDF/POA/RILightingRetrofit1.pdf. 

2. Average HVAC interactive effects by building type derived from the NEEP Mid-

Atlantic TRM 2017, NEEP, Mid-Atlantic Technical Reference Manual, V7. May 

2017, pp. 464-465. From NEEP TRM: ñEmPOWER Maryland DRAFT Final Impact 

Evaluation Report Evaluation Year 4 (June 1, 2012 ï May 31, 2013) Commercial & 

Industrial Prescriptive & Small Business Programs, Navigant, March 31, 2014. 

Values for Washington, D.C. and Delaware assume values from Maryland, Pepco and 

Maryland, DPL, respectively. 

3. NEEP Mid-Atlantic TRM 2017, NEEP, Mid-Atlantic Technical Reference Manual, 

V7. May 2017 

4. Massachusetts TRM, 2016-2018 Program Years, October 2015. Original source: 

DNV KEMA (2013). Impact Evaluation of 2010 Prescriptive Lighting Installations. 

Prepared for Massachusetts Energy Efficiency Program Administrators and 

Massachusetts Energy Efficiency Advisory Council 

Refrigerated Case LED Lights 

This measure includes the installation of LED lamps in commercial display refrigerators, 

coolers or freezers. The display lighting in a typical cooler or freezer add to the load on 

that unit by increasing power consumption of the unit when the lamp is on, and by adding 

heat to the inside of the unit that must be overcome through additional cooling.  

Replacing fluorescent lamps with low heat generating LEDs reduces the energy 

consumption associated with the lighting components and reduces the amount of waste 

heat generated from the lamps that must be overcome by the unitôs compressor cycles. 
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Algorithms 

 

%ÎÅÒÇÙ 3ÁÖÉÎÇÓ 
Ë7È

ÙÒ
 όὲὭὸί z ὒὭὫὬὸὭὲὫ ὯὡὬ ὰὭὫὬὸὭὲὫ ὯὡὬ ὙὩὪὶὭὫ 

 

0ÅÁË $ÅÍÁÎÄ 3ÁÖÉÎÇÓ Ë7  όὲὭὸί z Ë7 Ë7  z ρ ὅέάὴ  zὅὊ  

 
ὙὩὪὶὭὫ όὲὭὸί z ὰὭὫὬὸὭὲὫ ὯὡὬ ὰὭὫὬὸὭὲὫ ὯὡὬ  z ὅέάὴ 

 

Definition of Variables 

Units = Number of LED linear lamps or fixtures installed 

kWb  = Baseline fixture wattage 

kWq  = Qualified LED fixture wattage 

Lighting kWhbase  = Total energy usage of lighting fixtures being replaced 

Lighting kWhee = Total energy usage of new LED lighting fixtures are being 

installed 

Compfactor = Compressor factor for cooler or freezer, depending on location of 

install 

Compeff = Compressor efficiency for cooler or freezer; the efficiency factors in 

portion of saved energy eliminated via the compressor 

CF  = Coincidence factor 

 

Summary of Inputs 

Refrigerated Case Assumptions 

Component Type Value Methodology Source 

Lighting 

kWhbase 

Variable Variable Total lighting operating hours per year × 

wattage of baseline lighting; use 2 × LED 

watts as default 

Application 

Lighting 

kWhee 

Variable Variable Total lighting operating hours per year × 

wattage of LED lighting. 

Application 

Hrs Fixed 6,205  2 

Compeff ï 

cooler 

Fixed 0.41 Value is calculated by multiplying 0.51 

(compressor efficiency for cooler) by 0.80 

(portion of saved energy eliminated via 

the compressor).  

1, 3 

Compeff ï 

freezer 

Fixed 0.52 Value is calculated by multiplying 0.65 

(compressor efficiency for cooler) × 0.80 

(portion of saved energy eliminated via 

the compressor). 

1 
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Component Type Value Methodology Source 

Compfactor ï

cooler 

Fixed 0.40 Based on EER value of 1.8 kW/ton × 

0.285 ton/kW × 0.8 (20% of case lighting 

load not converted into case cooling load) 

= 0.40 

1 

Compfactor ï

freezer 

Fixed 0.51 Based on EER value of 2.3 kW/ton × 

0.285 ton/kW × 0.8 (20% of case lighting 

load not converted into case cooling load) 

= 0.51 

1 

CF Fixed 0.92  2 

 

 

Sources 

 

1. NY, Standard Approach for Estimating Energy Savings, V4, April 2016, pages 

223-22 

2. Pennsylvania PUC, Technical Reference Manual, June 2016, page 258. From PA 

TRM: ñMethodology adapted from Kuiken et al, ñState of Wisconsin Public 

Service Commission of Wisconsin Focus on Energy Evaluation Business 

Programs: Deemed Savings Parameter Developmentò, KEMA, November 13, 

2009, assuming summer coincident peak period is defined as June through August 

on weekdays between 3:00 p.m. and 6:00 p.m., unless otherwise noted. 

https://focusonenergy.com/sites/default/files/bpdeemedsavingsmanuav10_evaluati

onreport.pdfò 

3. PA TRM, p.258. Values adopted from Hall, N. et al, New York Standard 

Approach for Estimating Energy Savings from Energy Efficiency Measures in 

Commercial and Industrial Programs, TecMarket Works, September 1, 2009. 

http://www3.dps.ny.gov/W/PSCWeb.nsf/0/06f2fee55575bd8a852576e4006f9af7/

$FILE/TechManualNYRevised10-15-10.pdf  

Specialty LED Fixtures 

Some LED fixtures do not adhere to the Prescriptive Lighting algorithm due to unique 

form factors that do not lend to a fixture-to-fixture comparison, such as LED rope lights, 

cove lighting, and so on.  

In these instances, a similar algorithm may be used, with a different metric other than 

fixture quantity entered. For example, a comparison of watts per linear foot between LED 

and incandescent technologies would result in accurate energy savings calculations.  

 

Algorithms 
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Definition of Variables 

1. California Standard Performance Contracting Program 

2. RLW Analytics, Coincident Factor Study, Residential and Commercial & 

Industrial Lighting Measures, 2007. 

3. Quantum Consulting, Inc., for Pacific Gas & Electric Company , Evaluation of 

Pacific Gas & Electric Companyôs 1997 Commercial Energy Efficiency 

Incentives Program: Lighting Technologiesò, March 1, 1999 

4. KEMA for NEEP. C&I Lighting Load Shape Project. July 19, 2011  

http://www.neep.org/sites/default/files/products/NEEP_CI_Lighting_LS_FINAL_

Report_ver_5_7-19-11.pdf 

5.1.Select Energy Services, Inc. Cooler Control Measure Impact Spreadsheet Userôs 

Manual. 2004. 

The remaining variables are unchanged from those presented in the Prescriptive Lighting 

section: 

 

Summary of Inputs 

 

Specialty Lighting for Commercial Customers 

Component Type Value Source 

DkW  Variable See algorithm above Application 

CF Fixed See Lighting Table by Building in 

Performance Lighting Section 

Above 

1 

Hrs Variable See Lighting Table by Building 

Type in Performance Lighting 

Section Above 

1 

HVACd Fixed See Lighting Table by Building 

Type in Performance Lighting 

Section Above 

2 

HVACe Fixed See Lighting Table by Building 2 
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Component Type Value Source 

Type in Performance Lighting 

Section Above 

HVACg Fixed See Lighting Table by Building 

Type in Prescriptive Lighting 

Section Above 

3 

 

6. SourcesFor induction Lighting, used the lowest PSMH that would produce a 30% 

reduction in wattage to the induction fixture, which is the minimum requirement 

for incentives replacing HID with induction lighting. Assume 5% increase for 

input wattage vs nominal wattage. 

7. Based on assuming LED is 62% more efficient than replacement as per RPI 

study: http://www.lrc.rpi.edu/programs/solidstate/pdf/SPIE4776-

13_Raghavan.pdf 

 

1. NEEP, Mid-Atlantic Technical Reference Manual, V7. May 2017. 

2. Average HVAC interactive effects by building type derived from the NEEP Mid-

Atlantic TRM 2017, NEEP, Mid-Atlantic Technical Reference Manual, V7. May 

2017, pp. 464-465. From NEEP TRM: ñEmPOWER Maryland DRAFT Final Impact 

Evaluation Report Evaluation Year 4 (June 1, 2012 ï May 31, 2013) Commercial & 

Industrial Prescriptive & Small Business Programs, Navigant, March 31, 2014. 

Values for Washington, D.C. and Delaware assume values from Maryland, Pepco and 

Maryland, DPL, respectively. 

3. Massachusetts TRM, 2016-2018 Program Years, October 2015. Original source: 

DNV KEMA (2013). Impact Evaluation of 2010 Prescriptive Lighting Installations. 

Prepared for Massachusetts Energy Efficiency Program Administrators and 

Massachusetts Energy Efficiency Advisory Council 
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Lighting Controls 

 

Lighting controls include occupancy sensors, daylight dimmer systems, and occupancy 

controlled hi-low controls for fluorescent, LED and HID fixtures.  The measurement of 

energy savings is based on algorithms with key variables (i.e., coincidence factor, 

equivalent full load hours) provided through existing end-use metering of a sample of 

facilities or from other utility programs with experience with these measures (i.e., % of 

annual lighting energy saved by lighting control).  For lighting controls, the baseline is a 

manual switch, based on the findings of the New Jersey Commercial Energy Efficient 

Construction Baseline Study. 

 

Algorithms 

 

%ÎÅÒÇÙ 3ÁÖÉÎÇÓ  =  Ë7 z 36' z (ÒÓ z ρ Ὄὠὃὅ 
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Definition of Variables 

Demand Savings = kWc X SVG X CF X (1+ IF) 

 

Energy Savings =   kWc X SVG X EFLH X (1+IF) 

 

Definition of Variables 

 

SVG  = % of annual lighting energy saved by lighting control; refer to table by 

control type 

 

kWc  = kW lighting load connected to control 

 

IF Ὄὠὃὅ  = Interactive Factor ï This applies to C&I interior lighting only.  This 

represents the secondary demand andin reduced HVAC consumption 

resulting from decreased indoor lighting wattage.  

Ὄὠὃὅ = Interactive Factor ï This applies to C&I interior lighting only. This 

represents the secondary energy savings in reduced HVAC consumption 

resulting from decreased indoor lighting wattage.  This value will be fixed 

at 5%.   

 

CF = Coincidence Ὄὠὃὅ = Interactive Factor ï This valueapplies to C&I interior 

lighting only. This represents the percentage of the total load which is on 

during electric systemôs peak window.secondary energy savings in 
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reduced HVAC consumption resulting from decreased indoor lighting 

wattage.  

 

EFLH = Equivalent full load hours. 

CF  = Coincidence factor 

Hrs  = Annual hours of operation prior to installation of controls 

 

 

Summary of Inputs 

 

Lighting Controls  

 

Component Type Value Source 

kWc Variable Load connected to control Application 

SVG Fixed Occupancy Sensor, Controlled Hi-

Low Fluorescent Control, LED and 

controlled HID = 30% 

Daylight Dimmer System=50% 

See sources below 

CF Fixed See Lighting Table by Building in 

Performance Lighting Section Above  

 

1 

EFLH Fixed  See Lighting Table by Building in 

Performance Lighting Section Above  

 

2, 3 

IF Fixed See Lighting Table by Building in 

Performance Lighting Section 

Above 

2 

 

 

SVG Fixed Occupancy Sensor, Controlled Hi-

Low Fluorescent Control, LED and 

controlled HID = 31% 

Daylight Dimmer System= 40% 

4, 5, 6 

CF Fixed See Table by Building in 

Performance Lighting Section 

Above  

 

1 

Hrs Fixed  See Table by Building in 

Performance Lighting Section 

Above  

 

1 

HVACd Fixed See Table by Building Type in 

Performance Lighting Section 

Above 

2 

HVACe Fixed See Table by Building Type in 

Performance Lighting Table Above 

2 
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HVACg Fixed See Table by Building Type in 

Performance Lighting Table Above 

3 

 

Sources: 

1. RLW Analytics, Coincident Factor Study, Residential and Commercial & 

Industrial Lighting Measures, 2007. 

1. Quantum Consulting, Inc., for Pacific Gas & Electric Company ,NEEP, Mid-Atlantic 

Technical Reference Manual, V7. May 2017. 

2. Average HVAC interactive effects by building type derived from the NEEP Mid-

Atlantic TRM 2017, NEEP, Mid-Atlantic Technical Reference Manual, V7. May 

2017, pp. 464-465. From NEEP TRM: ñEmPOWER Maryland DRAFT Final Impact 

Evaluation Report Evaluation Year 4 (June 1, 2012 ï May 31, 2013) Commercial & 

Industrial Prescriptive & Small Business Programs, Navigant, March 31, 2014. 

Values for Washington, D.C. and Delaware assume values from Maryland, Pepco and 

Maryland, DPL, respectively. 

3. Massachusetts TRM, 2016-2018 Program Years, October 2015. Original source: 

DNV KEMA (2013). Impact Evaluation of Pacific Gas & Electric Companyôs 1997 

Commercial 2010 Prescriptive Lighting Installations. Prepared for Massachusetts 

Energy Efficiency Incentives Program:Program Administrators and Massachusetts 

Energy Efficiency Advisory Council 

2.4.A Meta-Analysis of Energy Savings from Lighting Technologiesò, March 1, 

1999Controls in Commercial Buildings, Lawrence Berkeley National Laboratory, 

September 2011. 

3. KEMA for NEEP. C&I Lighting Load Shape Project. July 19, 2011  

http://www.neep.org/sites/default/files/products/NEEP_CI_Lighting_LS_FINAL_

Report_ver_5_7-19-11.pdf 

5. LBNL, Quantifying National Energy Savings Potential of Lighting Controls in 

Commercial Buildings, May 2012. 

6. Unified Facilities Criteria (UFC), Design: Interior, Exterior, Lighting and Controls. 

UFC 3-530-01. September 2012. 

 

Motors [Inactive 2017, Not Reviewed] 

 

For premium efficiency motors 1-200 HP. 

 

Algorithms 

 

From application form calculate DkW where: 

 

DkW = 0.746 * HP * IFVFD * (1/ɖbase ï 1/ɖprem) 

 

Demand Savings = (DkW) X* CF 
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Energy Savings = (DkW)*HRS * LF 

 

Definition of Variables 

 

DkW = kW Savings at full load 

 

HP = Rated horsepower of qualifying motor, from nameplate/manufacturer specs. 

 

LF = Load Factor, percent of full load at typical operating condition 

 

IFVFD = VFD Interaction Factor, 1.0 without VFD, 0.9 with VFD 

 

ɖbase = Efficiency of the baseline motor 

 

ɖprem = Efficiency of the energy-efficient motor 

 

HRS = Annual operating hours 

 

CF = Coincidence Factor 

Motors 

Component Type Value Source 

HP Variable Nameplate/Manufacturer 

Spec. Sheet 

Application 

LF Fixed 0.75 1 

hpbase Fixed ASHRAE 90.1-2013 

Baseline Efficiency 

Table 

ASHRAE 

hpprem Variable Nameplate/Manufacturer 

Spec. Sheet 

Application 

IFVFD Fixed 1.0 or 0.9 3 

Efficiency - ɖee Variable Nameplate/Manufacturer 

Spec. Sheet 

Application 

CF Fixed 0.74 1 

HRS 

 

Fixed Annual Operating Hours 

Table 

1 
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Baseline Motor Efficiency Table 

 
*Note:  For the Direct Install Program, different baseline efficiency values are used.   

 

ODP TEFC ODP TEFC ODP TEFC

1 0.8 0.8 0.825 0.825 na 0.755

1.5 0.84 0.855 0.84 0.84 0.825 0.825

2 0.855 0.865 0.84 0.84 0.84 0.84

3 0.865 0.875 0.865 0.875 0.84 0.855

5 0.875 0.875 0.875 0.875 0.855 0.875

7.5 0.885 0.895 0.885 0.895 0.875 0.885

10 0.9002 0.895 0.895 0.895 0.885 0.895

15 0.902 0.902 0.91 0.91 0.895 0.902

20 0.91 0.902 0.91 0.91 0.902 0.902

25 0.917 0.917 0.917 0.924 0.91 0.91

30 0.924 0.917 0.924 0.924 0.91 0.91

40 0.93 0.93 0.93 0.93 0.917 0.917

50 0.93 0.93 0.93 0.93 0.924 0.924

60 0.936 0.936 0.936 0.936 0.93 0.93

75 0.936 0.936 0.941 0.941 0.93 0.93

100 0.941 0.941 0.941 0.945 0.93 0.936

125 0.941 0.941 0.945 0.945 0.936 0.945

150 0.945 0.95 0.95 0.95 0.936 0.945

200 0.945 0.95 0.95 0.95 0.945 0.95

Motor 

Horsepower

1200 RPM (6 pole) 1800 RPM (4 pole) 3600 RPM (2 pole)
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NEMA ASHRAE 90.1-2013  Motor Efficiency Table ï General Purpose Subtype I 

 
 

Annual Operating Hours Table 

 
 

ODP TEFC ODP TEFC ODP TEFC

1 0.825 0.825 0.855 0.855 0.77 0.77

1.5 0.865 0.875 0.865 0.865 0.84 0.84

2 0.875 0.885 0.865 0.865 0.855 0.855

3 0.885 0.895 0.895 0.895 0.855 0.865

5 0.895 0.895 0.895 0.895 0.865 0.885

7.5 0.902 0.91 0.91 0.917 0.885 0.895

10 0.917 0.91 0.917 0.917 0.895 0.902

15 0.917 0.917 0.93 0.924 0.902 0.91

20 0.924 0.917 0.93 0.93 0.91 0.91

25 0.93 0.93 0.936 0.936 0.917 0.917

30 0.936 0.93 0.941 0.936 0.917 0.917

40 0.941 0.941 0.941 0.941 0.924 0.924

50 0.941 0.941 0.945 0.945 0.93 0.93

60 0.945 0.945 0.95 0.95 0.936 0.936

75 0.945 0.945 0.95 0.954 0.936 0.936

100 0.95 0.95 0.954 0.954 0.936 0.941

100 0.95 0.95 0.954 0.954 0.941 0.95

150 0.954 0.958 0.958 0.958 0.941 0.95

200 0.954 0.958 0.958 0.962 0.95 0.954

Motor 

Horsepower

1200 RPM (6 pole) 1800 RPM (4 pole) 3600 RPM (2 pole)

Motor 

Horsepower

Operating 

Hours, HRS

1 to 5 HP 2,745

6 to 20 HP 3,391

21 to 50 HP 4,067

51 to 100 HP 5,329

101 to 200 HP 5,200
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Electronically Commutated Motors for Refrigeration 

  

This measure is applicable to existing walk-in, multi-deck and free standing coolers and 

freezers with shaded pole or permanent split capacitor (PSC) motors.  These fractional 

horsepower motors are significantly more efficient than mechanically commutated, 

brushed motors, particularly at low speeds or partial load.  By employing variable-speed 

technology, EC motors are able to optimize fan speeds for changing load requirements.  

Because these motors are brushless and utilize DC power, losses due to friction and phase 

shifting are eliminated.  Calculations of savings for this measure take into account both 

the increased efficiency of the motor as well as the reduction in refrigeration load due to 

motor heat loss. 
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EC Motor retrofits Retrofits in Walk-in Coolers and Freezers 

  

Algorithms 

 

ækW = ((AmpsEF * VoltsEF * (PhaseEF)
 1/2

)/1000) * PFEF * LR65% 

 

Gross kWhEnergy Savings (kWh/yr) = kWh SavingsEF + kWh SavingsRH 

 

kWh SavingsEF = ((AmpsEF * VoltsEF * (PhaseEF)
 1/2

)/1000) * PFEF *  Operating Hours 

* LR65% 

 

kWh SavingsRH = kWh SavingsEF * 0.28 * 1.6 

 

PLEASE NOTE: 

ñ((AmpsEF * VoltsEF * (PhaseEF)
 1/2

)/1000) * PFEFò is equivalent to ñHP * 0.746ò 

 

Definition of Variables 

 

ækW   = Demand Savings due to EC Motor Retrofit 

 

kWh SavingsEF  = Savings due to Evaporator Fan Motors being replaced 

 

kWh SavingsRH = Savings due to reduced heat from Evaporator Fans 

 

AmpsEF  = Nameplate Amps of Evaporator Fan 

 

VoltsEF  = Nameplate Volts of Evaporator Fan 

 

PhaseEF  = Phase of Evaporator Fan 

 

PFEF   = Evaporator Fan Power Factor 

 

Operating Hours  = Annual operating hours if Evaporator Fan Control 

 

LR  = Percent reduction of load by replacing motors 

 

0.28   = Conversion from kW to tons (Refrigeration) 

 

1.6   = Efficiency of typical refrigeration system in kW/ton 
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Case Motor Replacement 

 

Algorithms 

 

Gross kWhEnergy Savings (kWh/yr) = kWh SavingsCM + kWh SavingsRH 

 

kWh SavingsCM = kW * ER * RT8, 500 

 

kWh SavingsRH = kWh SavingsEF * 0.28 * Eff 

 

 

Definition of Variables 

 

kWh SavingsCM = Savings due to Case Motors being replaced 

 

kWh SavingsRH  = Savings due to reduced heat from Case Motors 

 

kW     = Metered load of Case Motors 

 

ER    = Energy reduction if a motor is being replaced 

 

RT    = Average runtime of Case Motors 

 

0.28    = Conversion from kW to tons (Refrigeration) 

 

Eff    = Efficiency of typical refrigeration system in kW/ton 

 

 

Summary of Inputs 

 

ECM Fraction HP Motors  

 

Component Type Value Source 

AmpsEF Variable Nameplate/Manufacturer 

Spec. Sheet 

Application 

VoltsEF Variable Nameplate/Manufacturer 

Spec. Sheet 

Application 

PhaseEF Variable Nameplate/Manufacturer 

Spec. Sheet 

Application 

PFEF Fixed 0.55 1 

Operating Hours Fixed Not Installed = 8,760 

Installed = 5,600 
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Component Type Value Source 

LR Fixed 65% 2 

ER Fixed Shaded Pole Motor 

Replaced = 53% 

PSC Motor Replaced = 

29% 

3 

RT Fixed 8500  

Eff Fixed 1.6  

 

 

Sources: 

 

1. Select Energy Services, Inc.., Cooler Control Measure Impact Spreadsheet Userôs 

Manual., 2004. 

2. This value is an estimate by NRM based on several pre- and post- meter readings of 

installations.  This is supported by RLW report for National Grid, ñSmall Business 

Services, Custom Measure Impact Evaluationò,,ò March 23, 2007. 

3. Based on numerous pre- and post- meterings conducted by NRM. 
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