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1. EXECUTIVE SUMMARY 

The savings estimation technical reference manual describes ɬ for program administrators, 

regulatory agencies, program evaluators, utility customers, and other interested stakeholders ɬ 

how California publicly owned utilities 1 consistently, reliably, and transparently calculate 

energy savings for their  energy efficiency programs. 

The reference manual provides the methods, formulas, and default assumptions used for 

estimating energy savings and peak demand impacts from energy efficiency measures and 

projects. The energy savings estimates are used to report program accomplishments and 

measure progress towards program goals.  

Energy efficiency measures are documented and classified as either unit energy savings 

measures, provisional measures, semi-custom measures, or custom measures. The manual 

presents both nonresidential and residential measures. Each measure type is presented in 

separate sections and grouped by technology type. Measure information is presented in a 

consistent tabular format.  

The reference manual also includes spreadsheets that provide det ailed and transparent measure 

calculations and, for certain semi-custom measures, energy savings calculators for estimating 

energy savings for project-specific measures. The measure spreadsheet includes summary tables 

for transferring measure savings data into the programɀÚɯregulatory compliance reporting tool.  

The current 2016 version of the manual includes updates to account for code changes since the 

2014 version was published. It also includes several new measures and updates to existing 

measures. Provisional measures are included for the first time in Section 17. TRM spreadsheets 

were added or revised as needed. In addition, new TRM spreadsheets are added that simplify 

the use of the lighting and VFD calculators. 

                                                      

1Utilities sponsoring the TRM include: Silicon Valley Power, City of Palo Alto Utilities, Alameda 

Municipal Power, Biggs, Gridley, Healdsburg, Lodi Electric Utility, Lompoc, Plumas -Sierra Rural Electric 

Cooperative, Port of Oakland, Redding Electric Utility , Roseville Electric, Truckee Donner Public Utility 

District , Ukiah Public Utilit y, Anaheim Public Utilities, Azusa Light & Water, Banning Electric Utility, 

Burbank Water & Power, Cerritos, Colton Electric Utility, Glendale Water & Power, Imperial Irrigati on 

District, Los Angeles Department of Water & Power, Pasadena Water & Power, Riverside Public Utilities, 

Vernon Light & Power, Sacramento Municipal Utility District, Victorville, Trinity Public Utility District, 

Corona Department of Water & Power, Lassen Municipal Utility District, Moreno Valley Utility, Merced 

Irrigation District, Modesto Irrigation District, Needles, Island Energy, Rancho Cucamonga Municipal 

Utility, San Francisco Public Utilities Commission, and Turlock Irrigation District.  
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2. INTRODUCTION 

The savings estimation technical reference manual describes ɬ for program administrators, 

regulatory agencies, program evaluators, utility customers, and other interested stakeholders ɬ 

how publicly owned utilities  consistently, reliably, and transparently calculate energy savings 

for their energy efficiency programs. 

2.1 Purpose  

The reference manual provides the methods, formulas, and default assumptions used for 

estimating energy savings and peak demand impacts from energy efficiency measures and 

projects. The energy savings estimates are used to report program accomplishments and 

measure progress towards program goals.  

2.2 Background  

California publicly  owned utilities annually report  their  program accomplishments to the 

California Energy Commission . As mandated by California state law (SB1037, AB2021, Section 

9505 of the Public Utilities Code ), each utility reports its program energy savings on an annual 

basis. Since 2006, California publicly owned utilities have collaborated to develop tools and 

resources for consistently and reliably reporting program energy savings.  

The first source of energy savings estimates used to report program savings was published in 

2006 and subsequently updated in 2008 and 2009. In 2014, the previous versions of the manual 

were superseded by a new version of the manual.  

2.2.1 Whatôs New in 2016  

The current 2016 version of the manual includes updates to account for code changes since the 

2014 version was published. It also includes several new measures and updates to existing 

measures. Provisional measures are included for the first time in Section 17. TRM spreadsheets 

were added or revised as needed. In addition, new TRM spreadsheets are added that simplify 

the use of the lighting and VFD calculators.  

2.3 Approach  

The reference manual documents and classifies energy efficiency measures in three ways: unit 

energy savings (UES) measures, provisional measures, semi-custom measures, and custom 

measures. 
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UES measures, previously defined as deemed savings measures, are normalized  savings 

estimates that represent the most typical savings expected from a range of similar measures. 

These savings estimates are used for reporting savings at the program or at a regional level. 

The UES measures provided in this manual are based on credible and reliable sources of 

energy savings estimates and savings estimate parameters, generally those that have been 

documented and vetted through either peer engineering review or a regulatory process 

governing efficiency programs. As such, the UES savings estimates are based on the most 

current and best available resources. 

Semi-custom measures are measures for which the savings estimates can vary significantly 

depending on how or where the measure is used. Savings estimates are calculated using 

standard methodologies based on project-specific parameters. For semi-custom measures, the 

manual documents the savings methodology and may also provide a standardized savings 

calculator for use in estimating energy savings. 

Custom measures are project-specific actions, equipment changes, or system improvements 

that reduce energy consumption . This manual outlines a protocol for program administrators 

to use that will  consistently and reliably estimate and document energy savings estimates for 

custom measures.  

Provisional unit energy saving s measures are measures that do not yet meet the reliability 

standard of a UES measure. The most typical are emerging technology or newly -adopted 

program measures that exhibit significant energy saving potential. Provisional savings 

estimates provide an interim solution for reporting measure savings while testing, evaluation, 

or demonstration efforts are under way to validate energy savings estimates.  

2.4 Manual Organization  

The reference manual consists of both this document and its supporting spreadsheets.  

The manual presents both nonresidential and residential measures. Each measure type is 

presented in separate sections and grouped by technology type. Measure information is 

presented in a consistent tabular  format  consisting of the following sections: 

Ç Measure summary information  ɬ Provides a brief description of the measure, its 

applicability, savings type (UES, semi-custom), energy savings, incremental measure cost, 

and effective useful life  (EUL) 

Ç Baseline and efficient case conditions  ɬ Defines the baseline type (see Section 3 ɬ

Definitions) and provides a brief description of the baseline and efficient case conditions. 

Ç Savings calculation  ɬ Documents the savings methodology and algorithms used to 

estimate savings 

Ç Key parameters ɬ Lists key operating parameters that have the most influence on energy 

savings estimates 



Introduction  Section 2 

Savings Estimation TRM  2-3 
 

ers 

Ç Quality assurance, design, installation, commissioning, and operation  ɬ Provides key 

quality assurance checks to help ensure that the estimated savings are realized 

Ç Important notes ɬ Provi de further explanation, clarifications, or relevant supporting 

information  

All references and data resources are identified in the table footnotes. 

As needed, each section also contains supplementary tables and charts to provide additional 

measure details. Measures with multiple savings values (savings by size, building use, varying 

levels of efficiency, etc.) will have savings and cost data listed in a supplementary  table. If the 

number of measures is too large to include in a supplementary  table, they are listed in the 

supporting spreadsheet summary table. The spreadsheet summary table allows measures to be 

filtered by climate zone and , if applicable, by building type.  

The last section of the manual provides the custom measure protocol, which outli nes a process 

for estimating and documenting custom measure savings. 

The reference manual spreadsheets provide the detailed measure calculations. For UES 

measures, the spreadsheet consists of a summary table, a calculation narrative, measure savings 

calculations, and reference data. The summary table is constructed to provide easy transfer of 

measure data into the ×ÙÖÎÙÈÔɀÚɯÙÌÎÜÓÈÛÖÙàɯÊÖÔ×ÓÐÈÕÊÌɯÙÌ×ÖÙÛÐÕÎɯÛÖÖÓȭɯ 

Energy savings calculators are also provided as part of the reference manual. The calculators 

are Excel spreadsheet-based engineering models for estimating semi-custom measures per the 

described methodology. They provide a simple and transparent approach for estimating 

project-specific energy savings. 

2.5 Manual Update Process  

In order to maintain the most current and best available estimates of energy savings, the 

reference manual should be reviewed and updated on a regular basis. Measures should be 

reviewed  to determine if newly adopted code changes will affect the energy savings estimates. 

Measure savings estimates may need to be updated based on new sources of information, such 

as market research studies, technology studies, or program impact evaluation re ports. In 

addition, assumptions used in the measure baseline definitions may over time become obsolete 

or otherwise no longer applicable.   

Manual review and updates to incorporate code changes should occur on an annual basis, or at 

the time when code updates go into effect. Updates for measures which represent a significant 

amount of program energy savings should occur on an annual basis. Manual updates to 

incorporate the most current and best available information for all measures should occur every 

2 to 3 years.  
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2.6 Applicable State and Federal Codes  

Within each measure description, the measure savings estimate baseline is described. Where the 

appropriate baseline is determined to be code, the applicable state or federal code is identified. 

The codes used in determining savings estimate baselines include: 

Ç California 2012 and 2015 Appliance Efficiency  Regulations (California Code of 

Regulations, Title 20, sections 1601ɫ1608) 

Ç California 2013 and 2016 Building Energy Efficiency Standards for Residential and 

Nonresidential Buildings (California Code of Regulations, Title 24, part 6 and associated 

administrative regulations, part 1 ) 

Ç Department of Energy Code of Federal Regulations, Title 10 

 



   

Definitions  3 
 

   
   
       
      
   

 

Savings Estimation TRM  3-1 
 

ers 

3. DEFINITIONS 

In this manual, the following definitions apply:  

custom measure ɬ Any measure not defined by this manual as either a unit energy savings 

measure or a semi-custom measure. In more general terms, a custom measure is defined as an 

energy-related project, action, equipment change, or system improvement that reduces energy 

consumption.  

effective useful life  (EUL) ɬ An estimate of the median number of years (from a statistically 

representative sample) that an installed measure is expected to be operable and capable of 

performing its intended function . The primary source of EUL is the California Public Utilities 

"ÖÔÔÐÚÚÐÖÕɀÚɯ#ÈÛÈÉÈÚÌɯÍÖÙɯ$ÕÌÙÎàɯ$ÍÍÐÊÐÌÕÛɯ1ÌÚÖurces (DEER). 

efficient case  ɬ Describes the affected equipment or system condition after an energy efficiency 

measure has been implemented or installed. Also referred to as the post-retrofit condition.  

energy use baseline ɬ Energy use that is compared to the efficient case energy use for the 

purposes of estimating future annual energy savings. The baseline is identified as being one of 

the four following types : 

natural replacement ɬ code ɬ Describes an energy use baseline that is based on current 

minimum energy efficiency code requirements as established by the applicable local, 

state, or federal jurisdiction . 

natural replacement ɬ current practice  ɬ Describes an energy use baseline that is based 

on standard industry practice or market availability.  

natural replacement ɬ preexisting  conditions  ɬ Describes the projected energy use 

baseline that is based on the energy performance of the existing systems or 

equipment that was in place before a measure was implemented. This baseline is 

applicable if retaining the preexisting conditions over the entire effective useful life 

of the measure is a realistic option. 

dual baseline ɬ early retirement  ɬ Describes the use of two energy use baselines to 

determine energy savings where equipment with remaining useful life  (RUL) is 

replaced. In general, the first baseline is based on preexisting conditions and the 

second baseline is one of the three types of natural replacement. See Section 16.1 for 

a description o f how a dual baseline is used in estimating measure cost-effectiveness. 

measure cost ɬ The incremental cost of implementing the energy savings measure. For 

measures with an adjusted baseline, it is the incremental cost of the more-efficient measure 
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compared to the cost of a code-compliant or current practice measure. For a preexisting 

baseline, it is the full implementation cost of the measure. Installation costs not directly 

associated with the energy savings measure are not included. 

peak demand ɬ The California grid -level average hourly peak demand occurring during  a 3-

hour time period ( 2:00 p.m. ɬ 5:00 p.m.) on a summer weekday from June to September. It also 

can be defined for weather-sensitive measures as the maximum hourly peak demand occurring 

between 2:00 p.m. and 5:00 p.m. during 3 consecutive weekdays containing the weekday with 

the hottest temperature of the year.  

semi-custom measure ɬ An energy savings measure for which the savings estimates varies 

significantly depending on how or where the measure is used (project-specific parameters). 

Semi-custom measure savings are calculated using standard methodologies or standardized 

saving estimate models (e.g., spreadsheet models).  

UES measure ɬ A unit energy savings measure that has unitized savings estimates (e.g., savings 

per motor, savings per hp) that represent an average or weighted average of similar savings 

measures. UES measures were previously known as deemed savings measures. 

The UES measures provided in this manual are based on credible and reliable sources of 

energy savings estimates and savings estimate parameters, generally those that have been 

documented and vetted through either peer engineering review or a regulatory pro cess 

governing efficiency programs.  

Provisional measure  ɬ A measure that does not meet the reliability standard of a UES 

measure. The most typical are emerging technology or newly adopted program measures that 

exhibit significant energy saving potential. Provisional savings estimates provide an interim 

solution for reporting measure savings while testing, evaluation, or demonstration efforts are 

under way to validate energy savings estimates. 
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4. COMMON DEFAULT FACTORS 

This section provides the default val ues used in estimating energy savings for UES and semi-

custom lighting measures. Three default values are used: HVAC interactive effect, operating 

hours, and peak demand factors.  

Energy efficient lighting measures reduce the internal heat gain of air -conditioned spaces. This 

reduction in heat gain reduces the cooling energy consumption and increases heating energy 

consumption. Default interactive effect factors have been developed as part of the DEER 

resources2 to account for these interactions in typical building end -use types. These default 

interactive effects are used in the savings estimates for UES and semi-custom measures 

provided in this manual.  

Tables 4-1 through 4-4 provide the air-conditioning cooling interactive effect factors (HVAC IE 

factors) used for lighting measures. 

  

                                                      

2 DEER, Lighting HVAC Interactive Effects_9 Sept 2013.xls 
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Table 4-1 
HVAC IE Factors for Climate Zones 2, 3, 4, and 5 

Building Type 

CZ02 CZ03 CZ04 CZ05 

Energy Demand Energy Demand Energy Demand Energy Demand 

Assembly 1.03 1.18 1.02 1.18 1.05 1.18 1.03 1.17 

Primary school 1.06 1.00 1.07 1.00 1.08 1.62 1.06 1.23 

Secondary school 1.04 1.00 1.04 1.00 1.07 1.32 1.04 1.22 

Community college 1.09 1.20 1.08 1.12 1.11 1.36 1.08 1.22 

University 1.10 1.20 1.10 1.14 1.12 1.27 1.10 1.23 

Relocatable classroom 1.02 1.00 1.00 1.00 1.05 1.22 1.02 1.26 

Grocery 0.91 1.19 0.87 1.18 0.94 1.24 0.87 1.17 

Hospital 1.10 1.19 1.11 1.16 1.11 1.22 1.09 1.19 

Nursing home 1.03 1.19 1.02 1.13 1.05 1.24 1.01 1.14 

Hotel 0.97 1.23 0.98 1.20 1.01 1.24 0.97 1.21 

Motel 1.02 1.21 1.03 1.19 1.05 1.22 1.02 1.20 

Bio/tech mfg. 1.11 1.19 1.12 1.14 1.12 1.15 1.11 1.18 

Light industrial mfg. 1.04 1.17 1.04 1.11 1.05 1.15 1.03 1.17 

Large office 1.11 1.26 1.11 1.16 1.12 1.28 1.10 1.23 

Small office 1.05 1.20 1.05 1.13 1.07 1.24 1.06 1.19 

Sit-down restaurant 1.01 1.21 1.00 1.18 1.04 1.20 1.00 1.19 

Fast-food restaurant 1.03 1.17 1.02 1.14 1.05 1.18 1.02 1.15 

Department store 1.07 1.19 1.08 1.19 1.09 1.20 1.08 1.18 

Big box retail 1.06 1.19 1.06 1.19 1.08 1.20 1.06 1.19 

Small retail 1.06 1.18 1.06 1.17 1.08 1.19 1.06 1.17 

Conditioned storage 0.95 1.21 0.92 1.01 0.98 1.26 0.91 1.15 

Unconditioned storage 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

Refrig. warehouse 1.59 1.32 1.63 1.29 1.62 1.32 1.58 1.26 

Exterior 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
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Table 4-2 
HVAC IE Factors for Climate Zones 8, 9, 10, and 11 

Building Type 

CZ08 CZ09 CZ10 CZ11 

Energy Demand Energy Demand Energy Demand Energy Demand 

Assembly 1.13 1.23 1.12 1.26 1.09 1.22 1.05 1.18 

Primary school 1.18 1.34 1.16 1.86 1.13 1.88 1.06 1.00 

Secondary school 1.16 1.31 1.15 1.84 1.12 1.77 1.07 1.00 

Community college 1.17 1.28 1.16 1.31 1.15 1.29 1.12 1.44 

University 1.17 1.27 1.16 1.27 1.15 1.26 1.12 1.34 

Relocatable classroom 1.11 1.29 1.11 1.29 1.11 1.31 1.04 1.00 

Grocery 1.05 1.25 1.06 1.27 1.05 1.28 0.99 1.28 

Hospital 1.17 1.26 1.17 1.28 1.14 1.27 1.11 1.23 

Nursing home 1.10 1.29 1.10 1.31 1.09 1.32 1.06 1.25 

Hotel 1.11 1.28 1.10 1.29 1.07 1.29 1.02 1.25 

Motel 1.15 1.27 1.14 1.30 1.12 1.30 1.05 1.23 

Bio/tech mfg. 1.18 1.26 1.18 1.26 1.14 1.26 1.12 1.34 

Light industrial mfg. 1.11 1.20 1.11 1.22 1.08 1.21 1.04 1.15 

Large office 1.18 1.33 1.17 1.33 1.17 1.32 1.13 1.29 

Small office 1.16 1.28 1.15 1.32 1.13 1.29 1.07 1.28 

Sit-down restaurant 1.12 1.24 1.11 1.26 1.09 1.23 1.04 1.19 

Fast-food restaurant 1.11 1.22 1.11 1.24 1.09 1.22 1.05 1.18 

Department store 1.17 1.22 1.15 1.25 1.13 1.23 1.07 1.19 

Big box retail 1.15 1.24 1.14 1.27 1.12 1.25 1.06 1.20 

Small retail 1.15 1.23 1.14 1.26 1.12 1.24 1.06 1.19 

Conditioned storage 1.05 1.32 1.04 1.34 1.04 1.31 0.98 1.21 

Unconditioned storage 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

Refrig. warehouse 1.60 1.25 1.59 1.26 1.58 1.26 1.55 1.25 

Exterior 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
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Table 4-3 
HVAC IE Factors for Climate Zones 12, 14, 15, and 16 

Building Type 

CZ12 CZ14 CZ15 CZ16 

Energy Demand Energy Demand Energy Demand Energy Demand 

Assembly 1.04 1.18 1.07 1.14 1.19 1.20 0.99 1.19 

Primary school 1.07 1.00 1.09 1.40 1.21 1.34 0.97 1.00 

Secondary school 1.06 1.00 1.09 1.47 1.21 1.30 0.98 1.00 

Community college 1.11 1.28 1.12 1.33 1.24 1.34 1.04 1.24 

University 1.12 1.22 1.13 1.28 1.20 1.28 1.06 1.23 

Relocatable classroom 1.04 1.00 1.09 1.33 1.19 1.31 1.00 1.00 

Grocery 0.96 1.28 1.05 1.32 1.13 1.30 0.96 1.25 

Hospital 1.11 1.23 1.13 1.28 1.19 1.29 1.06 1.23 

Nursing home 1.05 1.25 1.08 1.32 1.16 1.33 0.99 1.27 

Hotel 1.00 1.25 1.03 1.30 1.16 1.29 0.90 1.27 

Motel 1.04 1.23 1.08 1.32 1.20 1.32 0.96 1.25 

Bio/tech mfg. 1.11 1.20 1.14 1.23 1.19 1.26 1.07 1.21 

Light industrial mfg. 1.04 1.18 1.06 1.20 1.15 1.29 0.99 1.19 

Large office 1.12 1.31 1.16 1.31 1.23 1.32 1.08 1.29 

Small office 1.07 1.23 1.11 1.30 1.21 1.30 1.01 1.27 

Sit-down restaurant 1.03 1.18 1.07 1.16 1.17 1.26 0.99 1.21 

Fast-food restaurant 1.05 1.18 1.07 1.23 1.15 1.23 1.00 1.20 

Department store 1.07 1.21 1.09 1.21 1.17 1.24 0.99 1.21 

Big box retail 1.06 1.20 1.09 1.26 1.17 1.26 0.98 1.21 

Small retail 1.06 1.20 1.09 1.20 1.17 1.24 0.99 1.21 

Conditioned storage 0.98 1.25 1.01 1.29 1.11 1.30 0.91 1.27 

Unconditioned storage 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

Refrig. warehouse 1.57 1.32 1.52 1.32 1.63 1.26 1.38 1.27 

Exterior 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
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Table 4-4 
HVAC IE Factors ï California Average 

Building Type 

CA Average 

Energy Demand 

Assembly 1.08 1.21 

Primary school 1.11 1.33 

Secondary school 1.10 1.28 

Community college 1.13 1.28 

University 1.13 1.26 

Relocatable classroom 1.07 1.20 

Grocery 0.99 1.25 

Hospital 1.14 1.23 

Nursing home 1.07 1.25 

Hotel 1.04 1.25 

Motel 1.09 1.25 

Bio/tech mfg. 1.15 1.23 

Light industrial mfg. 1.07 1.18 

Large office 1.14 1.27 

Small office 1.11 1.25 

Sit-down restaurant 1.07 1.22 

Fast-food restaurant 1.07 1.20 

Department store 1.12 1.21 

Big box retail 1.10 1.23 

Small retail 1.10 1.21 

Conditioned storage 1.00 1.24 

Unconditioned storage 1.00 1.00 

Refrig. warehouse 1.59 1.29 

Exterior 1.00 1.00 

Lighting UES measure energy savings are based on lighting run times (operating hours) for the 

same typical end-use space types. Table 4-5 provides the default factors. 

Table 4-5 
Default Lighting Operating Hours 

Building Type 
Operating 

Hours Building Type 
Operating 

Hours 

Assembly 2,610 Light industrial mfg. 3,220 

Primary school 2,140 Large office 2,640 

Secondary school 2,280 Small office 2,590 

Community college 2,420 Sit-down restaurant 4,830 

University 2,350 Fast-food restaurant 4,840 

Re-locatable classroom 2,480 Department store 3,380 

Grocery 4,910 Big box retail 4,270 

Hospital 5,260 Small retail 3,380 

Nursing home 4,160 Conditioned storage 3,420 

Hotel 1,950 Unconditioned storage 3,420 

Motel 1,550 Refrigerated warehouse 4,770 

Bio/tech mfg. 3,530   
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To determine the peak demand reduction associated with lighting measures, the lighting 

measure reduction in lighting power is multiplied by a default peak coincident demand factor 

(CDF). Tables 4-6 and 4-7 provide the factors for twelve climate zones and Table 4-8 provides 

the statewide average factors. 

Table 4-6 
Peak Coincident Demand Factors (CDF) 

Building Type CZ02 CZ03 CZ04 CZ05 CZ08 CZ09 

Assembly 0.53 0.53 0.53 0.53 0.53 0.53 

Primary school 0.02 0.02 0.02 0.62 0.62 0.02 

Secondary school 0.02 0.02 0.02 0.71 0.71 0.02 

Community college 0.49 0.49 0.49 0.81 0.81 0.49 

University 0.44 0.44 0.44 0.72 0.72 0.44 

Relocatable classroom 0.02 0.02 0.02 0.70 0.70 0.02 

Grocery 0.69 0.69 0.69 0.69 0.69 0.69 

Hospital 0.83 0.83 0.83 0.83 0.83 0.83 

Nursing home 0.68 0.68 0.68 0.68 0.68 0.68 

Hotel 0.24 0.24 0.24 0.24 0.24 0.24 

Motel 0.17 0.17 0.17 0.17 0.17 0.17 

Bio/tech mfg. 0.85 0.85 0.85 0.85 0.85 0.85 

Light industrial mfg. 0.92 0.92 0.92 0.92 0.92 0.92 

Large office 0.71 0.71 0.71 0.71 0.71 0.71 

Small office 0.69 0.69 0.69 0.69 0.69 0.69 

Sit-down restaurant 0.80 0.80 0.80 0.80 0.80 0.80 

Fast-food restaurant 0.81 0.81 0.81 0.81 0.81 0.81 

Department store 0.76 0.76 0.76 0.76 0.76 0.76 

Big box retail 0.85 0.85 0.85 0.85 0.85 0.85 

Small retail 0.88 0.88 0.88 0.88 0.88 0.88 

Conditioned storage 0.70 0.70 0.70 0.70 0.70 0.70 

Unconditioned storage 0.70 0.70 0.70 0.70 0.70 0.70 

Refrig. warehouse 0.56 0.56 0.56 0.56 0.56 0.56 

Exterior 0.00 0.00 0.00 0.00 0.00 0.00 
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Table 4-7 
Peak Coincident Demand Factors (CDF) 

Building Type CZ10 CZ11 CZ12 CZ14 CZ15 CZ16 

Assembly 0.53 0.53 0.53 0.53 0.53 0.53 

Primary school 0.02 0.02 0.02 0.02 0.02 0.02 

Secondary school 0.02 0.02 0.02 0.02 0.02 0.02 

Community college 0.49 0.49 0.49 0.49 0.49 0.49 

University 0.44 0.44 0.44 0.44 0.44 0.44 

Relocatable classroom 0.02 0.02 0.02 0.02 0.02 0.02 

Grocery 0.69 0.69 0.69 0.69 0.69 0.69 

Hospital 0.83 0.83 0.83 0.83 0.83 0.83 

Nursing home 0.68 0.68 0.68 0.68 0.68 0.68 

Hotel 0.24 0.24 0.24 0.24 0.24 0.24 

Motel 0.17 0.17 0.17 0.17 0.17 0.17 

Bio/tech mfg. 0.85 0.85 0.85 0.85 0.85 0.85 

Light industrial mfg. 0.92 0.92 0.92 0.92 0.92 0.92 

Large office 0.71 0.71 0.71 0.71 0.71 0.71 

Small office 0.69 0.69 0.69 0.69 0.69 0.69 

Sit-down restaurant 0.80 0.80 0.80 0.80 0.80 0.80 

Fast-food restaurant 0.81 0.81 0.81 0.81 0.81 0.81 

Department store 0.76 0.76 0.76 0.76 0.76 0.76 

Big box retail 0.85 0.85 0.85 0.85 0.85 0.85 

Small retail 0.88 0.88 0.88 0.88 0.88 0.88 

Conditioned storage 0.70 0.70 0.70 0.70 0.70 0.70 

Unconditioned storage 0.70 0.70 0.70 0.70 0.70 0.70 

Refrig. warehouse 0.56 0.56 0.56 0.56 0.56 0.56 

Exterior 0.00 0.00 0.00 0.00 0.00 0.00 

 

  



Section 4 Common Default Factors 

4-8  Savings Estimation TRM 
 

ers 

Table 4-8 
Peak Coincident Demand Factors (CDF) 

Building Type 
CA 

Average 

Assembly 0.53 

Primary school 0.12 

Secondary school 0.14 

Community college 0.53 

University 0.48 

Relocatable classroom 0.14 

Grocery 0.69 

Hospital 0.83 

Nursing home 0.68 

Hotel 0.24 

Motel 0.17 

Bio/tech mfg. 0.85 

Light industrial mfg. 0.92 

Large office 0.71 

Small office 0.69 

Sit-down restaurant 0.80 

Fast-food restaurant 0.81 

Department store 0.76 

Big box retail 0.85 

Small retail 0.88 

Conditioned storage 0.70 

Unconditioned storage 0.70 

Refrig. warehouse 0.56 

Exterior 0.00 
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5. HVAC MEASURES ï NONRESIDENTIAL 

5.1 Commercial Air Conditioning Units  and Heat Pumps  

Measure Summary Information 

Measure description Installation of new high efficiency air conditioning (AC) units, including single unitary 
package units and split system units. Both AC and heat pump units are included. 

End use HVAC 

Project eligibility Applicable to both retrofit and new construction 

Savings type UES 

Unit energy savings  See TRM100 spreadsheet summary table. Savings vary based on unit size, 1.
building type, and climate zone. With thirty-two unit types, twenty-two building 
types, and twelve climate zones, savings for more than 8,000 measure savings 
estimates are provided. 

 All savings are listed per ton of cooling. 2.

Incremental measure cost  See TRM100 spreadsheet summary table 1.

 All costs
1
 are listed per ton of cooling 2.

EUL 15 years
2
 

Baseline and Efficient Case Conditions 

Applicable baseline types  Natural replacement ï code 1.

 Dual baseline ï early retirement 2.

Baseline description 1. For natural replacement, the baseline is the minimum unit efficiency allowed by 
code. 

2. For the remaining useful life (RUL) time period, the baseline is the preexisting 
unit vintage efficiency weighted by building vintage.  

Efficient case description New units with efficiency levels consistent with CEE Tier I and Tier II
3 

efficiency 

levels. Unit efficiency ratings are provided in the Unit Efficiency Ratings Table. 
Savings Calculation 

Annual energy savings 
formula 

Savings for AC and heat pumps are obtained from the DEER 2014 database 
(EQUEST parametric modeling simulations), which includes updates based on the 
2013 Title 24 code requirements.  

For SEER 15 measures (units 5 tons or less) not provided in DEER, DEER data was 
extrapolated to estimate savings (7.2 percent savings increase over SEER 14). 

Peak demand reduction See above 

Definitions 
Vintage = 

EER = 

IEER = 

 

SEER = 

 

Year that the building type was built  

Energy efficiency ratio = 12 × kW/ton cooling 

Integrated energy efficiency ratio ï Weighted average of part-load efficiencies of an 
HVAC unit for a specified set of loads and outdoor air temperatures (OATs) 

Seasonal energy efficiency ratio ï Weighted average of part-load efficiencies of an 
HVAC unit for a specified set of loads and OATs 

Key Parameters 

Building type Determines the average hours of operation and internal building loads 

HVAC unit size Measure name includes unit cooling capacity in both units of tons and kBtu/h. Tons 
are representative of the nominal cooling capacity of equipment sizes available from 
most equipment manufacturers. kBtu/h savings are useful for comparison to code 
requirements and CEE unit size categories. 
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Quality Assurance: Design, Installation, Commissioning, and Operation 

1. Determine if new unit will be replacing a functional unit or a failed unit.  

2. If new unit is replacing existing functional unit and RUL savings will be applied, record age, make, model, size, 
and type of unit to be replaced. 

3. Verify that new unit meets minimum efficiency requirements.  

4. Verify that new unit is properly installed and commissioned. 

Important Notes 

N/A 

1
Measure cost data was derived from the following sources:  

a. PG&E work paper, PGECOHVC126, ñUnitary Air-Cooled Commercial Air Conditioners and Heat Pumps <65kBtu/h Revision 
#3,ò 6/20/2012 

b. PG&E work paper, PGECOHVC128, ñUnitary Air-Cooled Commercial Air Conditioners and Heat Pumps >= 65 kBtu/h,ò Revision 
# 3, 6/20/2012 

2DEER_EUL_Summary_10-1-2008.xls  

3Consortium for Energy Efficiency (CEE) Commercial Unitary AC and HP Specification, Effective January, 6, 2012. 

http://www.cee1.org/files/CEE_CommHVAC_UnitarySpec2012.pdf 

5.1.1 Unit Efficiency Rating s ï 5 Tons and Smaller  

This table lists peak (EER) and seasonal (SEER) efficiency ratings for both AC and heat pump 

units that are 5 tons or less in capacity. It also indicates the applicable CEE tier level. For all 

units 5 tons and smaller, the minimum efficiency rating allowed by code ( 2012 Appliance 

Standards) is 13 SEER and 7.7 HSPF (heat pumps only). 

Measure Name 
EER 

Rating 
SEER 
Rating 

HSPF 
Rating 

CEE 
Tier I 

CEE 
Tier II 

AC split unit ï < 5 tons (55 kBtu/h) -14 SEER 12 14   X   

AC split unit ï 5 tons (55-64 kBtu/h) -14 SEER 12 14   X   

AC pkg unit ï < 5 tons (55kBtu/h) -14 SEER 11.6 14   X   

AC pkg unit ï 5 tons (55-64 kBtu/h) -14 SEER 11.6 14   X   

AC split unit ï < 5 tons (55 kBtu/h) -15 SEER 12.5 15     X 

AC split unit ï 5 tons (55-64 kBtu/h) -15 SEER 12.5 15     X 

AC pkg unit ï < 5 tons (55kBtu/h) -15 SEER 12 15     X 

AC pkg unit ï 5 tons (55-64 kBtu/h) -15 SEER 12 15     X 

HP split unit ï < 5 tons (55 kBtu/h) -14 SEER 8.5 HSPF 12 14 8.5 X   

HP split unit ï 5 tons (55-64 kBtu/h) -14 SEER 8.5 
HSPF 

12 14 8.5 X   

HP pkg unit ï < 5 tons (55 kBtu/h) -14 SEER 8.0 HSPF 11.6 14 8.0 X   

HP pkg unit ï 5 tons (55-64 kBtu/h) -14 SEER 8.0 HSPF 11.6 14 8.0 X   

HP split unit ï < 5 tons (55 kBtu/h) -15 SEER 9 HSPF 12.5 15 9.0   X 

HP split unit ï 5 tons (55-64 kBtu/h) -15 SEER 9 HSPF 12.5 15 9.0   X 

HP pkg unit ï < 5 tons (55 kBtu/h) -15 SEER 8.5 HSPF 12 15 8.5   X 

HP pkg unit ï 5 tons (55-64 kBtu/h) -15 SEER 8.5 HSPF 12 15 8.5   X 

http://www.cee1.org/files/CEE_CommHVAC_UnitarySpec2012.pdf
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5.1.2 Unit Efficiency Ratings  Greater Than 5 Tons  

This table lists peak load (EER) efficiency ratings for both air conditioner and heat pump units 

larger than 5 tons in capacity. It also indicates the applicable CEE Tier level and unit size 

minimum full load and part -load efficiency ratings required by code (2013/2016 Title 24). 

Measure Name 
EER 

Rating 
HSPF 
Rating 

T24 Min 
Eff Rating

1
 

CEE 
Tier I 

CEE 
Tier II 

AC unit ï 6 to 8.5 tons (65ï109 kBtu/h) -11.5 EER 11.5 N/A 11.0 EER 

11.2 IEER 

X  

AC unit ï 10 tons (110ï134 kBtu/h) -11.5 EER 11.5 N/A 11.0 EER 

11.2 IEER 

X  

AC unit ï 12 to 17 tons (135ï239 kBtu/h) -11.5 EER 11.5 N/A 10.8 EER 

11.0 IEER 

X  

AC unit ï 20 to 60 tons (240ï759 kBtu/h) -10.5 EER 10.5 N/A 9.8 EER 

9.9 IEER 

X  

AC unit ï 6 to 8.5 tons (65ï109 kBtu/h) -12 EER 12 N/A 11.0 EER 

11.2 IEER 

 X 

AC unit ï 10 tons (110ï134 kBtu/h) -12 EER 12 N/A 11.0 EER 

11.2 IEER 

 X 

AC unit ï 12 to 17 tons (135ï239 kBtu/h) -12 EER 12 N/A 10.8 EER 

11.0 IEER 

 X 

AC unit ï 20 to 60 tons (240ï759 kBtu/h) -10.8 EER 10.8 N/A 9.8 EER 

9.9 IEER 

 X 

AC unit ï >60 tons (760 kBtu/h) -10.2 EER 10.2 N/A 9.5 EER 

9.6 IEER 

 X 

HP unit ï 6 to 8.5 tons (65ï109 kBtu/h) -11.5 EER 3.4 
COP 

11.5 3.4 10.8 EER 

11.0 IEER 

X  

HP unit ï 6 to 8.5 tons (65ï109 kBtu/h) -12 EER 3.4 
COP 

12 3.4 10.8 EER 

11.0 IEER 

X  

HP unit ï 10 tons (110ï134 kBtu/h) -11.5 EER 3.4 COP 11.5 3.4 10.8 EER 

11.0 IEER 

X  

HP unit ï 10 tons (110ï134 kBtu/h) -12 EER 3.4 COP 12 3.4 10.8 EER 

11.0 IEER 

X  

HP unit ï 12 to 17 tons (135ï239 kBtu/h) -11.5 EER 3.2 
COP 

11.5 3.2 10.4 EER 

10.5 IEER 

X  

HP unit ï 12 to 17 tons (135ï239 kBtu/h) -12 EER 3.2 
COP 

12 3.2 10.4 EER 

10.5 IEER 

X  

HP unit ï 20 tons (240 kBtu/h) -10.8 EER 3.2 COP 10.8 3.2 9.3 EER 

9.4 IEER 

X  

1
For units with electric resistance heat, add 0.2 to both EER and IEER to determine minimum rating requirements 
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5.2 Packaged Terminal Air Conditioners  & Heat Pumps  

Measure Summary Information 

Measure description Installation of a new high efficiency packaged terminal AC units (PTAC) or heat pumps 
(PTHP) in hotel or motel facility. 

End use HVAC 

Project eligibility 1. For retrofits, the units meet the regulatory definition of replacement units: non-standard 
sized units (less than 16 inches high or less than 42 inches wide with a cross-section area 
less than 670 square inches) specially manufactured for replacement applications. The 
units are designed to fit into the sleeve of the replaced unit. 

2. For new construction, the units exceed the new construction (standard size) code 
efficiency requirements  see the Unit Efficiency Ratings Table. 

3. New construction measures are limited to units with a capacity of less than 7,000 Btu/h.  

Savings type UES 

Unit energy savings 1. Measure savings are found in the TRM101 spreadsheet. 

2. With twelve climate zones, sixteen unit types, and two building types, savings for 384 
measures are provided. 

3. Each replacement unit measure has both natural replacement-code and dual baseline-
early retirement savings values.  

4. All savings are listed per ton of cooling. 

Incremental measure cost 1. $144 per ton for replacement units
1
  

2. $34 per ton for new construction unit costs
2
 

EUL 15 years
3
 

Baseline and Efficient Case Conditions 

Applicable baseline types 1. Natural replacement ï code 

Baseline description 1. For retrofit units, the baseline efficiencies are based on non-standard, replacement 

units as defined in Federal Code of Regulations
2
. The federal code requirements can 

also be found in the 2013/2016 Title 24 code requirements.  

2. For new construction units, the baseline efficiencies are based on standard units as 
defined in the Federal Code of Regulations.. 

Efficient case description 1. For retrofit units, the minimum unit efficiency rating meets the requirements listed in 
the Unit Efficiency Ratings Table. 

2. For new construction units, the minimum unit efficiency rating meets the 
requirements listed in the Unit Efficiency Ratings Table. 

Savings Calculation 

Annual energy savings 
formula 

1. Savings for this measure were derived from figures contained within the 2011 DEER 
database. The DEER database contains savings for code and weighted by vintage 
preexisting unit baselines.  

2. For new construction units, savings are extrapolated from DEER savings values by 
comparing the new construction net efficiency improvements to the DEER net 
efficiency improvements. See TRM101 Savings spreadsheet for savings calculations. 

Peak demand reduction See above. 

Definitions 

EER = 

 

Energy efficiency ratio = 12 × kW/ton cooling 

Key Parameters 

Building type Used in DEER to determine the average hours of operation and internal building loads. 

HVAC unit size Total full-load cooling capacity in tons; unit savings assume units are properly sized. 

Quality Assurance: Design, Installation, Commissioning, and Operation 

 Determine if unit meets the definition of retrofit (replacement) or new construction unit.  1.

 Verify that new unit meets minimum efficiency requirements. 2.

 Verify that new unit is properly installed and commissioned. 3.
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Important Notes 

Due to the recent federal code changes, there are currently (as of March 2013) no ENERGY STAR-qualified PTAC or 
PTHP units. 

Most new construction units available (per AHRI directory) do not exceed code efficiency requirements by enough to 
provide sufficient savings to be a cost-effective measure. Therefore, the only size category included in the new 
construction savings estimates is for PTHP and PTAC units with a capacity of less than 7,000 Btu/h. 

Based on a 2011 market survey conducted by U.S. EPA
4
, there are a limited number of replacement units available at the 

efficiency ranges assumed by DEER (nearly 20% greater than code).  

1PG&E work paper, PGECOHVC114 PTAC and PTHP Revision 3, June 21, 2012. 

2
Federal Code of Regulations, 10 CFR part 431. 

3DEER_EUL_Summary_10-1-2008.xls. 

4
ENERGY STAR Market & Industry Scoping Report, Packaged Terminal Air Conditioners and Heat Pumps, December 2011. 

5.2.1 Unit Efficiency Ratings  

This table shows the unit efficiencies used to estimate savings.  

Unit Size and Type 

Retrofit 
Baseline 

Efficiency 
(EER) 

Retrofit 
Installed Unit 

Efficiency (EER) 

New 
Construction 

Baseline 
Efficiency 

(EER) 

New Construction 
Installed Unit 

Efficiency (EER) 

PTHP Units        

PTHP ï <7,000 Btu/h 9.31 11.17 11.9 12.2 

PTHP ï 7,000 to 15,000 Btu/h 8.46 10.15 10.7 N/A 

PTHP ï >15,000 Btu/h 7.61 9.13 9.5 N/A 

PTAC Units       

PTAC ï <7,000 Btu/h 9.41 11.29 11.7 13.2 

PTAC ï 7,000 to 15,000 Btu/h 8.56 10.27 10.5 N/A 

PTAC ï >15,000 Btu/h 7.71 9.29 9.3 N/A 

The efficiency rating for PTAC retrofit  units in the 7,000 to 15,000 Btu/h size range is based on a 

unit size of 11,000 Btu/h. To determine the efficiency rating for all unit sizes within this range 

that provide the same level of energy savings, the following formula is used: EER = 13 - (0.25 × 

Cap/1000), where Cap is the unit -rated cooling capacity in Btu/h. For PTHP retrofit  units, the 

formula is: EER = 13 - (0.255 × Cap/1000).  

5.2.2 Federal Code Efficiency Standards  

The following  table shows the minimum unit efficiency rating as required by code. 
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Equipment Category Cooling Capacity (Btu/h) Minimum Efficiency Rating 

PTHP Standard size <7,000 EER = 11.9 

COP = 3.3 

7,000 to 15,000 EER = 14.0 - (0.30 x Cap /1000) 

COP = 3.7 - (0.052 x Cap/1000) 

> 15,000 EER = 9.5 

COP = 2.9 

Non-standard 
size 

<7,000 EER = 9.3 

COP = 2.7 

7,000 to 15,000 EER = 10.8 - (0.213 x Cap/1000) 

COP = 2.9 - (0.026 x Cap/1000) 

> 15,000 EER = 7.6 

COP = 2.5 

PTAC Standard size <7,000 EER = 11.7 

7,000 to 15,000 EER = 13.8 - (0.30 x Cap /1000) 

> 15,000 EER = 9.3 

Non-standard 
size 

<7,000 EER = 9.4 

7,000 to 15,000 EER = 10.9 - (0.213 x Cap/1000) 

> 15,000 EER = 7.7 

5.2.3 Measure Cost  

The incremental measure cost for all retrofit units is $144 per ton of cooling capacity . For all 

new construction units, the incremental measure cost is $34 per ton of cooling. 

 



   

Lighting Measures ɬ Nonresidential  6 
 

   
   
       
      
   

 

Savings Estimation TRM  6-1 
 

ers 

6. LIGHTING MEASURES ï NONRESIDENTIAL 

6.1 Semi-Custom Lighting and Lighting Control Measures  

Measure Summary Information 

Measure description Lighting retrofits, lighting controls, lighting fixture replacements, and new lighting 
fixtures 

End use Lighting 

Project eligibility Covers measures not specified as a UES lighting measure; however, UES measures 
with project-specific parameters are eligible under this measure 

Savings type Semi-custom 

Unit energy savings Project-specific savings are calculated using the energy savings calculators. The 
calculators can also be used to develop program-specific unit energy savings 
estimates for common lighting measure retrofits 

Measure cost Project-specific costs are used to determine cost-effectiveness 

EUL  Rated lamp life divided by default annual operating hours for each building type 1.

 8 years for lighting controls
1 2.

Baseline and Efficient Case Conditions 

Applicable baseline types 1. Natural replacement ï preexisting conditions 

2. Natural replacement ï code 

Baseline description Either the code minimum lighting power density requirement or preexisting light 
fixture power 

Efficient case description Retrofitted fixtures, replacement fixtures, newly installed fixtures, or newly installed 
lighting controls 

Savings Calculation 

Annual energy savings  Savings can be estimated using one of the lighting savings calculators, which are 
Excel 2010 spreadsheet models for estimating energy savings.   

 

The TRM400 energy savings calculator for nonresidential lighting is intended for use 
by utility program administrators and covers all lighting measure types. Savings 
calculation formulas and methodologies are fully documented in the calculator. 

 

The TRM404 spreadsheet provides a simplified lighting rebate calculator. It provides 
an easy-to-use interface for the lighting calculator. It includes a program administrator 
section where incentive rates, climate zones, and estimated code impacts can be set 
or adjusted. If a code baseline is applicable, the saving estimates are adjusted by a 
predetermined factor.  

Peak demand reduction Default CDF factors are used to estimate peak demand reduction. 
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Key Parameters 

The TRM savings calculators allows the use of either default operating hours by building type or manual input of 
operating hours based on building operator interviews or field-measured data. 

 Lighting control savings factors are primarily based on studies
2
 with measured field data. However, given the 1.

large variability in control savings, project-specific measured data may be preferred over the default values. In 
addition, Title 24 requires controls for many end-use space types. Where applicable, the TRM400 lighting 
calculator includes code-required controls in the measure baseline. 

 Space end-use types are used to determine default operating hours.  2.

 Where code baseline requirements will be applied, the TRM400 calculator uses space end-use types to 3.
determine the lighting power allowance used in determining the space baseline lighting power. 

 

Quality Assurance: Design, Installation, Commissioning, and Operation 

 Confirm that the existing fixture quantity, fixture type, location/end-use type, and control type are correctly 1.
entered into the calculator. 

 The retrofit and replacement fixture type selected in the calculator should be verified as an appropriate 2.
replacement for the existing fixture. 

 Lighting operating hours should be verified through operator interviews or field measurement. 3.

 New lighting controls installed should be verified to be applicable to the space where they are applied. 4.

 New lighting controls installed should be commissioned to ensure they are properly functioning. 5.

Important Notes 

March 2016: The lighting calculators include revised lighting power allowances from the 2016 Title 24 code that goes 
into effect on January 1, 2017. For 2016 Title 24 lighting alterations, the calculator code application tables will no 
longer be needed. The CEC will be creating lighting alteration compliance documentation that can be used by the 
program administrator to determine code applicability and lighting power allowances.  

1DEER_EUL_Summary_10-1-2008.xls  

2LBNLï A Meta-Analysis of Energy Savings from Lighting Controls in Commercial Buildings, 2011 

6.1.1 Lighting  Control Default Savings Factor Table  

The savings calculator is capable of estimating savings from the installation of lighting controls. 

Users may input savings factors based on project-specific measured data, or select the 

appropriate default savings factor. Controls savings are determined by multiplying the lighting 

operating hours by the default control savings factor.  

Space Type 

Occupancy Sensor, 
Wall- or Ceiling-

Mounted
1 

Daylight Sensor
1
 

Combined 
Occupancy & 

Daylight Sensors
1
 

Assembly 36% 36% 40% 

Break room 20% 20% 40% 

Classroom 18% 29% 34% 

Computer room 35% N/A 34% 

Conference room 35% 18% 40% 

Dining 35% 18% 40% 

Gymnasium 35% 35% 40% 

Hallway 15% 15% N/A 

Hospital room 45% N/A N/A 

Industrial 45% N/A N/A 
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Space Type 

Occupancy Sensor, 
Wall- or Ceiling-

Mounted
1 

Daylight Sensor
1
 

Combined 
Occupancy & 

Daylight Sensors
1
 

Kitchen 30% N/A N/A 

Library 15% 18% 34% 

Lobby 25% 18% 40% 

Lodging (guest rooms) 45% N/A 40% 

Open office 22% 27% 40% 

Parking garage 15% 18% 40% 

Private office 22% 27% 40% 

Process 45% N/A 40% 

Public assembly 36% 36% 40% 

Restroom 40% N/A 40% 

Retail 15% 29% 34% 

Stairs 25% N/A N/A 

Storage 45% N/A 40% 

Technical area 35% 18% 40% 

Warehouses 31% 28% 40% 

Other 7% 18% 34% 

1
Data sources for lighting savings factors: 

a. LBNL ï A Meta-Analysis of Energy Savings from Lighting Controls in Commercial Buildings, 2011 

b. CA IOU SPC Manual 

c. Efficiency Maine TRM  

After July  1, 2014, Title 24 code requires occupancy sensor controls for several space end-use 

types. Where applicable, the occupancy control savings factor is included in the baseline energy 

use calculation.  

Daylight controls may also be applicable to a space if the lighting power exceeds a certain 

threshold. However, actual application of daylight controls is determined through space 

daylight zone analysis. If this analysis indicates that fixture daylight control is required, the 

daylight sensor savings factor should be applied to the preexisting (baseline) conditions.  
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6.2 Reduced Wattage Lamp and Ballast  

Measure Summary Information 

Measure description Install 4-foot reduced wattage T8 lamp & ballast system in existing fluorescent fixture  

End use Lighting  

Project eligibility  For replacement of T12 or first generation T8 lamps and ballasts  1.

 Not applicable for a lamp-only retrofit 2.

 Savings are applicable for retrofits exempt from 2013/2016 Title 24 requirements  3.

Savings type UES 

Unit energy savings See Energy Savings Table for average savings by climate zone. See TRM102 spreadsheet 
for energy savings by each building type in each climate zone 

Measure cost $21.13 per installed lamp, based on weighted average cost for various fixture configurations
1 

 

EUL See Energy Savings Table. The full range of EUL values (5ï15 years) can be found in the 
TRM spreadsheet. EUL is the rated lamp life divided by default annual operating hours for 
each building type) 

Baseline and Efficient Case Conditions 

Applicable baseline types Natural replacement ï preexisting conditions, code 

Baseline description First-generation, 4-foot T8 lamps with normal light output ballasts 

Efficient case description  CEE
2 

reduced wattage system, consisting of a 4-foot, 25 W, or 28 W reduced wattage 1.

T8 lamp with high efficiency ballast. 
 32 W high performance T8 lamp with high efficiency ballast that achieves the same or 2.

greater levels of efficiency than a reduced wattage lamp and ballast system  
 

Savings Calculation 

Annual energy savings 
formula 

ὯὡὬ Ὧὡ ὬὶίὍὉ 

Peak demand reduction Ὧὡ Ὧὡ ὅὈὊὍὉ  

Definitions 

kWavg = 

hrs = 

IE = 

IEd = 

CDF= 

 

Weighted average demand reduction for a range of fixtures 

Default operating hours by building type
3
 

HVAC interactive effects, energy
3
 

HVAC interactive effects, demand
3
 

Coincident demand factor
3 

Key Parameters 

Operating hours Default operating hours by building type are used in the savings estimates
3
. 

Quality Assurance: Design, Installation, Commissioning, and Operation 

 Verify that new lamp and ballast is listed on CEE qualified products list. 1.

 Verify that ballast efficacy factor (BEF) for new lighting system meets CEE specifications for ballast performance 2.
characteristics. 

Important Notes 

1. Savings for interior fixtures by building type include climate-specific HVAC interactive effects. 

2. Savings do not include the project-specific impacts associated with the 2013/2016 Title 24 requirements. If code 
requirements apply, the lighting savings calculator can be used to estimate savings for reduced wattage lamp and 
ballast retrofits. 

Note: Where an early retirement baseline with T12 lamps is justified, the savings for the remaining useful life time period can 
determined by multiplying the savings values in the TRM102 spreadsheet by 2.8. Remaining useful life is limited to 1 year or one-third 
of the effective useful life. 
1
Variety of sources were used to derive costs ï See TRM reduced wattage lamp and ballast spreadsheet 

2
Consortium for Energy Efficiency (CEE) High Performance and Reduced Wattage T8 Specifications  

http://www.cee1.org/com/com-lt/com-lt-main.php3 
3
Operating hours, peak coincident demand factors, and HVAC interactive effects from DEER 2011 

http://www.cee1.org/com/com-lt/com-lt-main.php3
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6.2.1 Energy Savings Table  

The following table provides the average annual energy savings per lamp and measure life 

values for all building types. Refer to the TRM 102 reduced wattage lamp and ballast 

spreadsheet for savings, demand reduction, and measure life values for each building type. The 

TRM spreadsheet provides building type values based on the specific climate zone selected. 

Climate Zone 
Energy Savings 

(kWh/yr) EUL (Years) 

2 16 8 

3 16 8 

4 16 8 

5 16 8 

8 17 8 

9 17 8 

10 17 8 

11 16 8 

12 16 8 

14 17 8 

15 18 8 

16 15 8 

6.3 De-Lamp Fluorescent Fixture  

Measure Summary Information 

Measure description Permanent removal of fluorescent lamp and lamp holder in existing fluorescent fixture  

End use Lighting 

Project eligibility Applicable for removal of T12 or first generation T8 lamps 

Savings type UES 

Unit energy savings See TRM103 spreadsheet. Savings vary depending on lamp length, building type, 
and climate zone. 

Measure cost $9.56 per removed lamp for all lamp lengths
1
 

EUL Range of 10ï15 years (rated ballast life divided by annual operating hours for each 
building type) 

Baseline and Efficient Case Conditions 

Applicable baseline types Natural replacement ï preexisting conditions, code 

Baseline description  First generation T8 lamp with normal output ballast 1.

 4-foot lamp: T8, nominal wattage 32 W lamp (actual wattage 28 W) 2.

 2-foot lamp: T8, nominal wattage 17 W lamp (actual wattage 16 W) 3.

 3-foot lamp: T8, nominal wattage 25 W lamp (actual wattage 22 W) 4.

 8-foot lamp: T8, nominal wattage 59 W lamp (actual wattage 55 W) 5.

Efficient case description Lamp and lamp holder permanently removed or disabled, resulting in fixture with 
fewer lamps than preexisting conditions. 

Savings Calculation 

Annual energy savings 
formula 

ὯὡὬ ὯὡὬὶίὍὉ 

Peak demand reduction Ὧὡ ὯὡὅὈὊὍὉ  
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Definitions 

kW = 

hrs = 

IE = 

IEd = 

CDF= 

 

Removed lamp wattage 

Default operating hours by building type
2
 

HVAC interactive effects(varies by climate zone), energy
2
 

HVAC interactive effects (varies by climate zone), demand
2
 

Coincident demand factor, varies by climate zone
2
 

Key Parameters 

Operating hours Default operating hours by building type are used in the savings analysis
2
 

Quality Assurance: Design, Installation, Commissioning, and Operation 

Verify that lamps and lamp holders are permanently removed or otherwise permanently disabled. 

Important Notes 

Savings account for HVAC interactive effects 

 

Note: Where an early retirement baseline with T12 lamps is justified, the savings for the remaining useful life time 
period can be determined by multiplying the savings shown in the TRM table by: 1.54 for 4-foot lamps, 1.75 for 2-foot 
lamps, and 1.5 for 3-foot lamps. Remaining useful life is limited to 1 year or one-third of the effective useful life. 

1 
Based on time required to remove a lamp and lamp holder from fixture as part of a fixture lamp and ballast retrofit. Derived from 

U.S. DOE and lighting contractor interviews. 
2
Operating hours, peak coincident demand factors, and HVAC interactive effects from DEER 2013 
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6.4 LED Lighting  

Measure Summary Information 

Measure description Installation of a new high efficiency LED lamps and fixtures  

End use Lighting 

Project eligibility 1. ENERGY STAR and DesignLights Consortium qualified LED lamps and fixtures 
2. For fixture replacements, savings are applicable for retrofits exempt from 2016 

Title 24 requirements. For screw-based lamp replacements, 2016 Title 24 
requirements do not apply.  

Savings type UES 

Unit energy savings See savings summary table in the TRM104 spreadsheet. Savings are available for 
nineteen retrofit measures: 

1. LED parking lot fixture (existing W<250) 

2. LED parking lot fixture (existing WÓ250) 

3. LED wall pack (existing W<250) 

4. LED wall pack (existing WÓ250) 

5. LED parking garage fixture (existing W<250) 

6. LED parking garage fixture (existing WÓ250) 

7. LED fuel pump canopy fixture (existing W<250) 

8. LED fuel pump canopy fixture (existing WÓ250) 

9. LED outdoor pole decorative fixture (existing W<250) 

10. LED outdoor pole decorative fixture (existing WÓ250) 

11. LED down light fixture, 9ï15 W, interior, replacing incandescent 

12. LED down light fixture, 9ï15 W, interior, replacing (2) 26 W CFL  

13. LED down light, screw-in lamp, 1ï3 W, interior 

14. LED down light, screw-in lamp, 4ï20 W, interior 

15. LED MR16, pin-based lamp, interior 

16. LED troffer, 2 ft x 2 ft and 4 ft x 4 ft 

17. LED troffer retrofit kit, 2 ft x 2 ft and 4 ft x 4 ft 

18. LED high bay fixture 

19. LED low bay fixture 

Savings vary by fixture or lamp size, building type, and climate zone. With 125 
measures available for each climate zone, there are more than 3,000 savings 
estimates provided.  

Measure cost See TRM104 spreadsheet 

EUL Range of 5ï15 years (rated fixture or lamp life divided by annual operating hours for 
each building type) 

Baseline and Efficient Case Conditions 

Applicable baseline types Natural replacement ï preexisting conditions 

Baseline description The baselines are based on typical existing fixtures and lamps. 

Efficient case description ENERGY STAR
1 

and DesignLights Consortium
2 

qualified LED lamps and fixtures 

Savings Calculation 

Annual energy savings 
formula 

ὯὡὬ Ὧὡ ὬὶίὍὉ 

Peak demand reduction Ὧὡ Ὧὡ ὅὈὊὍὉ 

No peak demand reduction for exterior fixtures  

Definitions 
Ὧὡ  = 

hrs = 
IE = 
IEd = 
CDF= 

 
Average kW reduction of typical retrofits 

Default operating hours by building type
3
 

HVAC interactive effects (varies by climate zone), energy
3
 

HVAC interactive effects(varies by climate zone), demand
3
 

Coincident demand factor, varies by climate zone
3
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Key Parameters 

Operating hours Default hours by building type used in savings estimate
3
 

Assumed wattage reduction Based on typical LED replacement wattages for existing fixtures and lamps  

Quality Assurance: Design, Installation, Commissioning, and Operation 

Verify that new fixture or lamp is listed on ENERGY STAR or DesignLights Consortium qualified products list. 

Important Notes 

1. Savings for interior fixtures includes HVAC interactive effects. 

2. Savings do not include the project-specific impacts associated with the 2013/2016 Title 24 requirements. If code 
requirements apply, the TRM lighting savings calculator can be used to estimate savings. 

1
ENERGY STAR lists qualified LED fixtures and qualified screw-in LED lamps: 

http://www.energystar.gov/index.cfm?fuseaction=find_a_product.showProductGroup&pgw_code=LU 

http://www.energystar.gov/index.cfm?fuseaction=find_a_product.showProductGroup&pgw_code=LB 

2
DesignLights Consortium Qualified Products List: http://www.designlights.org/  

3
Operating hours, peak coincident demand factors, and HVAC interactive effects from DEER 2013 

6.5 LED Refrigerated Display Case Lighting  

Measure Summary Information 

Measure description Replacement of an existing fluorescent lighting with LED lighting in refrigerated 
display cases. 

End use Lighting 

Project eligibility Refrigerated display lighting retrofit. Also applicable to display lighting in walk-in 
coolers. 

Savings type UES 

Unit energy savings 299 1,364 kWh per fixture. See Energy Savings and Cost Table. 

Measure cost $144 $195
1
. See Energy Savings and Cost Table. 

Effective useful life (EUL) 16 years
1
 

Baseline and Efficient Case Conditions 

Applicable baseline types Natural replacement ï preexisting conditions 

Baseline description  For 5-foot fixtures, T8HO lamp 1.

 For 6-foot fixtures, T12HO lamp 2.

 For all other lengths, T8HO lamp 3.

Efficient case description LED lighting and LED lighting with occupancy sensor 

  

http://www.energystar.gov/index.cfm?fuseaction=find_a_product.showProductGroup&pgw_code=LU
http://www.energystar.gov/index.cfm?fuseaction=find_a_product.showProductGroup&pgw_code=LB
http://www.designlights.org/
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Savings Calculation 

Annual energy savings 
formula 

ὯὡὬ ὯὡὬὶίὍὉὕὛϷὖ. See TRM105 LED refrigerated case lighting 
spreadsheet for full calculation details. 

Peak demand reduction Ὧὡ ὯὡὅὈὊὍὉ  

Definitions 

kW = 

hrs = 

IE = 

IEd = 

CDF= 

OS = 

%P = 

 

Baseline fixture wattage (kW) ï Installed fixture wattage (kW)  

Default grocery store operating hours (4,910)
2
 

Refrigeration interactive effects, energy (1.59)
2
 

Refrigeration interactive effects, demand (1.29)
2
 

Coincident demand factor (0.56)
2
 

Occupancy sensor operating hour reduction factor (35%)
3
 

LED lighting power in occupied (100%) and unoccupied (0%, 20%, & 40%) mode 

Key Parameters 

 Length of light fixture, vertical or horizontal orientation, occupancy sensor control, 
existing fixture number of lamps, and occupancy sensor control strategy 

Quality Assurance: Design, Installation, Commissioning, and Operation 

 Verify existing lamp type, length, and location. 1.

 Manufacturer specifications sheets should be obtained for verification of fixture power and efficacy. 2.

 Occupancy sensors should be commissioned to ensure proper operation. 3.

Important Notes 

For accurate project-specific savings estimates, use the TRM400 lighting savings calculator. 

1PG&E work paper, LED Refrigeration Case Lighting with Occupancy Sensors, June 2012. 

2Operating hours, peak coincident demand factors, and HVAC interactive effects from DEER 2013 

3Occupancy sensor operating hour reduction factor based on PNNL study (Demonstration Assessment of LED Freezer Case 

Lighting, Pacific Northwest National Laboratory, October 2009) 

6.5.1 Energy  Savings and Cost Table  LED Display Case Lighting  

This table provides the cost and savings data for LED display case lighting.  

Measure Name Cost Units Peak kW 
Annual 

kWh 

LED refrigerator display case lighting, 5 ft, center & end mount, 
replacing single lamp fixture 

$144 Fixture 0.044 299 

LED refrigerator display case lighting, 5 ft, center & end mount, 
replacing multi-lamp lamp fixture 

$144 Fixture 0.089 649 

LED refrigerator display case lighting, 6 ft, center & end mount, 
replacing single lamp fixture 

$173 Fixture 0.100 720 

LED refrigerator display case lighting, 6 ft, center & end mount, 
replacing multi-lamp lamp fixture 

$173 Fixture 0.175 1,304 

LED refrigerator display case lighting, all other lengths, 
horizontal and vertical mount, replacing single and multi-lamp 
fixture 

$29 Linear feet 
of fixture 

0.011 73.9 
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6.5.2 Energy Savings and Cost Table  LED Display Case Lighting with Occupancy 
Sensor  

This table provides the cost and savings values for LED display case lighting controlled by 

occupancy sensors. 

Measure Name Cost Units Peak kW 
Annual 

kWh 

LED refrigerator display case lighting, 5 ft, center & end 
mount, replacing single-lamp fixture  with occupancy sensor 

$162 Fixture 0.044 340 

LED refrigerator display case lighting, 5 ft, center & end 
mount, replacing multi-lamp lamp fixture  with occupancy 
sensor 

$162 Fixture 0.089 690 

LED refrigerator display case lighting, 6 ft, center & end 
mount, replacing single-lamp fixture  with occupancy sensor 

$195 Fixture 0.100 780 

LED refrigerator display case lighting, 6 ft, center & end 
mount, replacing multi-lamp lamp fixture  with occupancy 
sensor 

$195 Fixture 0.176 1,364 

LED refrigerator display case lighting, all other lengths, 
horizontal and vertical mount, replacing single- and multi-lamp 
fixtures  with occupancy sensor 

$32 Linear feet 
of fixture 

0.011 78.2 
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6.6 Bi-Level Lighting Fixture  ï Stairwells, Hallways, and Garages  

Measure Summary Information 

Measure description Automated bi-level lighting fixture with integrated motion sensors installed in a 
stairwell, garage, or hallway. The fixture provides lower levels of lighting during 
unoccupied periods. Fixtures have fail-safe operation with minimum 15-minute 
timer duration.  

End use Lighting 

Project eligibility  Fixtures with integrated occupancy sensors with fail-safe feature. 1.

 Fixtures operate at low light levels during unoccupied periods. 2.

 Low light fixture power is a maximum of 35% of full fixture power. 3.

 Low lighting levels must meet life safety code requirements. 4.

Savings type UES 

Unit energy savings 248 kWh per fixture
1
 

Measure cost $229 per fixture
1
 

EUL 8 years
1
 

 

Baseline and Efficient Case Conditions 

Applicable baseline types Natural replacement ï preexisting conditions 

Baseline description Two-lamp, T8 fixture with no occupancy sensor 

Efficient case description Two-lamp T8 bi-level fixtures with integrated sensor, 62 W at full fixture power, 18 W 
at low fixture power 

Savings Calculation 

Annual energy savings 
formula 

IOU work paper
1 

savings analysis assumes the fixture operates 8,760 hours and 69% 
of the time at low fixture power.  

Peak demand reduction 0.002 kW 

Key Parameters 

N/A  

Quality Assurance: Design, Installation, Commissioning, and Operation 

Low fixture power lighting levels should meet life safety code requirements. 

Important Notes 

Savings for this measure are limited to applications where the 2013/2016  Title 24 code requirements do not apply. 

1PG&E work paper, PGECOLT101, Revision 3, 6/18/2012 

6.7 Compact Fluorescent Lamps  (Commercial and Residential)  

Measure Summary Information 

Measure description Compact fluorescent lamp (CFL) replacing incandescent lamps and CFL high bay fixtures 
replacing metal halide or high pressure sodium high bay fixtures 

End use Lighting ï nonresidential and residential 

Project eligibility CFL replacement of incandescent, metal halide, or high pressure sodium lamps or fixtures 

Savings type UES 

Unit energy savings See Energy Savings and Cost Table for savings by lamp size 

Measure cost See Energy Savings and Cost Table 

EUL 4 years for CFL lamps and 12 years for high bay fixtures 
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Applicable baseline 
types 

Natural replacement ï preexisting conditions 

Baseline description CFL lamp wattages are based on typical power reductions.
1
 

High bay fixtures are based on preexisting fixtures with equivalent light output. 

Efficient case 
description 

CFL lamp or high bay CFL fixture 

Savings Calculation 

Annual energy savings 
formula  

ὯὡὬ Ὧὡ ὬὶίὍὉ 

See TRM117 spreadsheet for development of operating hours 

Peak demand reduction Ὧὡ Ὧὡ ὅὈὊὍὉ 

No peak demand reduction for exterior fixtures 

Key Parameters 

Definitions 

Ὧὡ  = 

hrs = 

IE = 

IEd = 

CDF= 

 

Average kW reduction of typical retrofits 

Default operating hours by building type 

HVAC interactive effects, energy 

HVAC interactive effects, demand
1
 

Coincident demand factor 

See TRM117 spreadsheet for development of interactive effects and demand factor. 

Quality Assurance: Design, Installation, Commissioning, and Operation 

N/A 

Important Notes 

N/A 
1
2013-2014_LightingRetrofit_Disposition-12November2014.docx 

6.7.1 Energy Savings and Cost Table ï Lamps  for Commercial Buildings  

CFL Lamp Size 
Range, Watts 

kWh 
Savings 

Peak Demand 
Reduction, 

kW 
Measure 

Costs 

 9 ï 13  83 0.018 $1.65 

 13 ï 15  106 0.023 $3.00 

18 ï 25  162 0.036 $3.33 

23 ï 30  200 0.044 $3.66 

30 ï 55  321 0.071 $4.59 

6.7.2 Energy Savings and Cost Table ï High Bay Fixtures  for Commercial Buildings  

CFL Fixture 
Size Range, 
Watts 

Baseline 
Wattage 

Fixture 
Location 

kWh 
Savings 

Peak Demand 
Reduction, kW Costs 

Ò 360 400 Interior  117 0.026 $300 

Ò 244 400 Interior  458 0.102 $300 

Ò 192 177 ï 399 Interior  282 0.063 $300 

Ò 128 101 ï 175 Interior  29 0.007 $300 

Ò 70 100 Interior  88 0.020 $260 

Ò 70 100 Exterior 105 0.000 $260 
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6.7.3 Energy Savings and Cost Table ï Residential CFL Lamps  

CFL Size 
Range, 
Watts 

Lamp 
Location 

 
kWh 

Savings 

Peak 
Demand 

Reduction, 
Kw 

Measure 
Costs 

 9 ï 13  Interior 20 0.002 $1.65 

 13 ï 15  Interior 25 0.002 $3.00 

18 ï 25  Interior 38 0.004 $3.33 

 9 ï 13  Exterior 45 0.000 $3.66 

 13 ï 15  Exterior 57 0.000 $4.59 

18 ï 25  Exterior 88 0.000 $5.59 
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7. REFRIGERATION MEASURES ï NONRESIDENTIAL 

7.1 Commercial Ice Machines  

Measure Summary Information 

Measure description Installation of a new high efficiency ice machine generating small ice cubes (2 oz or 
smaller). 

End use Refrigeration 

Project eligibility  Applicable to air-cooled batch machines (self-contained, icemaker heads, or 1.
remote condensing). 

 Equipment is listed on the Food Service Technology Center's Qualifying Appliance 2.
List or listed as ENERGY STAR-qualified. 

 Machines make ice cubes (2 oz or smaller) flaked, crushed, or fragmented ice. 3.

 Machine performance is tested using ARI Standard 810. 4.

 Remote machines are used with qualifying remote condenser or remote 5.
condenser/compressor unit. 

Savings type UES 

Unit energy savings (Ice harvest rate) ï (savings)
 1

 

101ï300 lbs/day ï 805 kWh/yr 

301ï500 lbs/day ï 1,117 kWh/yr 

501ï1000 lbs/day ï 1,807 kWh/yr 

1001ï1500 lbs/day ï 2,601 kWh/yr 

>1500 lbs/day ï 3,641 kWh/yr
1
 

Measure cost 101ï300 lbs/day ï $306
1
 

301ï500 lbs/day ï $266 
501ï1000 lbs/day ï $249 
1001ï1500 lbs/day ï $589 
>1500 lbs/day ï $939 

EUL 10 years 
2
 

Baseline and Efficient Case Conditions 

Applicable baseline types Natural replacement ï code 

Baseline description Minimum efficiency units compliant with California Appliance Standards (Title 20) 

Efficient case description ENERGY STAR or FSTC qualified high-efficiency units 
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Savings Calculation 

Annual energy savings 
formula 

 Unit capacity is assumed to be the midpoint of the capacity bin. 1.

 Annual ice production (Prod) = .75 × Rated daily capacity × 365 days 2.

 Baseline efficiency (BE) = Title 20 minimum efficiency
3
 3.

 Installed efficiency (IE) = Value from PG&E work paper
1
 4.

 Annual savings (kWh/yr) = [Prod (lbs/yr)/BE(kWh/lbs)] ï [Prod (lbs/yr)/IE (kWh/lbs)] 5.

Peak demand reduction ARI Standard 810 provides the assumed standard operating conditions of the machines 
during the demand period. A coincidence factor of 0.9 is applied as per DEER methodology. 

101ï300 lbs/day ï 0.092 kW 

301ï500 lbs/day ï 0.115 kW 

501ï1000 lbs/day ï 0.186 kW 

1001ï1500 lbs/day ï 0.267 kW 

>1500 lbs/day ï 0.374 kW 

Quality Assurance: Design, Installation, Commissioning, and Operation 

Verify units are listed on the Food Service Technology Center's Qualifying Appliance List and/or meet ENERGY 

STAR Version 2.0 (2013) requirements
4
. 

Important Notes 

Federal regulations will update efficiency standards for ice machines in January 2018. At that time, savings for this 
measure will be obsolete. 
1 

PG&E work paper PGECOFST108, ñCommercial Ice Machines,ò Revision 3, 5/30/2012 

2
DEER 2011 Version 2011.4.01 

3 
2007 California Energy Commission (CEC) Title 20 Appliance Efficiency Regulations, CEC 400-2007-016, p. 112 

4
ENERGY STAR Commercial Ice Makers Specification V2.0, in effect on February 1, 2013 

7.2 Commercial Solid Door & Glass Door Refrigerators  

Measure Summary Information 

Measure description Self-contained energy efficient commercial reach-in solid and glass door refrigerators 
and freezers. 

End use Refrigeration 

Project eligibility  For self-contained refrigeration units  not applicable to refrigerators with remote 1.
condensing units 

 Equipment is listed on Food Service Technology Center's Qualifying Appliance 2.
List  all units listed meet the ENERGY STAR 2.0 Commercial Refrigerators and 
Freezers Program requirements 

Savings type UES 

Unit energy savings See Energy Savings Table ï Varies based on unit type and size. 

Measure cost See Cost Table ï Varies based on unit type and size. 

EUL 12 years
1
 

Baseline and Efficient Case Conditions 

Applicable baseline types Natural replacement ï code 

Baseline description Minimum efficiency units compliant with 2015 California Appliance Efficiency 

Regulations  (Title 20)
2
 

Efficient case description High efficiency units listed on Food Service Technology Center's Qualifying 
Appliance List and meeting ENERGY STAR 2.0 Commercial Refrigerators and 
Freezers Program requirements 
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Savings Calculation 

Annual energy savings 
formula 

California appliance efficiency standards in effect since 2010 and ENERGY STAR 
2.0 standards have a series of formulas that define the maximum daily rated energy 
use of a refrigerators and freezers with solid and glass doors. These formulas are 
used to find the daily energy usage of the baseline and proposed units. Units are 

assumed to operate 8,760 hours per year.
3
 

Peak demand reduction Savings are assumed to be constant throughout any 24-hour period. As such, the 
annual savings figure is divided by 8,760 and a coincidence factor of 0.9 is applied as 
per the DEER methodology. 

Quality Assurance: Design, Installation, Commissioning, and Operation 

Verify that units are listed on the Food Service Technology Center's Qualifying Appliance List. 

Important Notes 

Federal regulations will update efficiency standards for commercial refrigerators in 2018. At that time, savings for this 
measure will be obsolete. 
1
DEER 2011 Version 2011.4.01 

2 
2015 California Appliance Efficiency Regulations (Title 20) 

3 
PG&E work paper, PGECOFST123, ñReach-In Refrigerators and Freezers ï Commercial,ò Revision 0, 6/8/2012 

7.2.1 Energy Savings Table  

This table provides the ranges of savings values for each refrigerator & freezer type for a variety 

of sizes and door styles.  

    Unit Volume (Cu ft) 

  Door Type < 15 15ï29 29ï49 >49 

Refrigerator savings 
(kWh/yr) 

Solid door 270 493 854 1,279 

Glass door 723 661 773 934 

Freezer savings 
(kWh/yr) 

Solid door 595 869 2,074 4,552 

Glass door 1,693 2,010 4,599 8,103 

 

7.2.2 Measure Cost Table  

This table provides the incremental measure cost. 

    Unit Volume (Cu ft) 

  Door Type < 15 15ï29 29ï49 >49 

Refrigerator incremental 
cost ($) 

Solid door $961 $1,241 $1,732 $2,396 

Glass door $91 $760 $947 $1,363 

Freezer incremental 
cost ($) 

Solid door $227 $1,200 $1,370 $1,732 

Glass door $22 $109 $189 $791 
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7.3 EC Motor for Cold Storage Evaporator Fans  

Measure Summary Information 

Measure description Replacement of an existing standard efficiency shaded-pole evaporator fan motor 
with an electronically commutated motor (EC motor) of the same size for evaporator 
fans in walk-in coolers and freezers 

End use Refrigeration ï all climate zones 

Project eligibility  This measure is valid only for early retirement of a shaded-pole motor that is less 1.
than 15 years old.  

 Savings estimate are not applicable for replacement of a permanent split 2.
capacitor (PSC) motor. Savings are approximately 60% less if a PSC motor is 
replaced. 

Savings type UES 

Unit energy savings Remaining useful life (RUL) savings are based on motor size and are per motor
1
 

 16 W  408 kWh 1.

 1/15 hp and 1/20 hp  1,064 kWh 2.

 1/5 hp  1,409 kWh 3.

 1/3 hp  1,994 kWh 4.

 1/2 hp  2,558 kWh 5.

 3/4 hp  2,782 kWh 6.

The savings for the second baseline (after the RUL time period) is 0 kWh. 

Measure cost $231 per motor
1
 

EUL 15 years
1 
 If the age of the motor being replaced is unknown, the default RUL 

is 5 years. Otherwise, the RUL is equal to 15 years minus the age of the 
motor. 

Baseline and Efficient Case Conditions 

Applicable baseline types Dual baseline ï early retirement 

Baseline description Shaded-pole evaporator fan motor in walk-in cooler or freezer 

Efficient case description High efficiency EC motor; electrical motor efficiency of at least 66% 

Savings Calculation 

Annual energy savings  Savings obtained from IOU work paper
1 

and are based on the following data and 
assumptions: 

1. Motor wattages: baseline and replacement motors 

Motor Specification 
SHP Motor 

Wattage 
EC Motor 
Wattage 

16 W 92 48 

1/15 or 1/20 hp 186 72 

1/5 hp  361 210 

1/3 hp 563 349 

1/2 hp 799 524 

3/4 hp 1,087 788 
 

Peak demand reduction  16 W  0.047kW 1.

 1/15 hp and 1/20 hp  0.0121 kW 2.

 1/5 hp  0.161 kW 3.

 1/3 hp  0.228 kW 4.

 1/2 hp  0.292 kW 5.

 3/4 hp  0.318 kW 6.



Refrigeration Measures ɬ Nonresidential  Section 7  

Savings Estimation TRM  7-5 
 

ers 

 

Key Parameters 

N/A  

Quality Assurance: Design, Installation, Commissioning, and Operation 

Verify EC motor size and efficiency and verify the age and type of motor being replaced. 

Important Notes 

2015 federal efficiency regulations (CFR-2013-Title 10, Volume 3, part 431, subpart X) require small electric motor 
efficiencies that are equivalent of an EC motor 

1PG&E work paper PGE3PREF123,ñECM for Walk-In Evaporator Fanò, 6/20/2012 

7.4 Refrigerated Display Case EC Motor Retrofit  

Measure Summary Information 

Measure description Replacement of an existing standard efficiency shaded-pole evaporator fan motor 
with an EC motor in a refrigerated display case. 

End use Refrigeration  all climate zones 

Project eligibility This measure is valid only for early retirement of a shaded-pole motor that is less 
than 15 years old.  

Savings estimate are not applicable for replacement of a permanent split capacitor 
(PSC) motor. Savings are approximately 60% less if a PSC motor is replaced.. 

Savings type UES 

Unit energy savings Remaining Useful Life (RUL) : 705 kWh per motor
1
 

Savings for the second baseline after the RUL time period is 0 kWh. 

Incremental measure cost $169
1
 

EUL 15 years
2  

If the age of the motor being replaced is unknown, the default RUL is 5 

years. Otherwise, the RUL is equal to 15 years minus the age of the motor. 

Baseline and Efficient Case Conditions 

Applicable baseline types Dual baseline ï early retirement 

Baseline description Shaded-pole display case evaporator fan motor with no controls.   

Efficient case description High efficiency EC motor with a minimum efficiency of 66%. 

Savings Calculation 

Annual energy savings 
formula 

See TRM109 spreadsheet. Savings analysis is from IOU work paper.
1 

Savings 

values are the average of all available climate zones. Savings differ slightly by 
climate zone and building vintage. However, the difference is negligible.  

Assumptions for display case motor distribution: 

a. 9% 9 W motors 

b. 49% 19.5 W motors 

c. 42% 37 W motors  

Assumptions for direct energy savings: 

a. Baseline shaded-pole motor efficiency of 26% 

b. Installed EC motor efficiency of 66% 

c. Baseline on evaporator fan motors operating 8,760 hours per year 

Assumptions for indirect refrigeration savings: 

a. Refrigeration equivalent full load hours (EFLH) were determined using 
DOE 2.2R models 
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b. Refrigeration system efficiency (EER) = 9.36 

Peak demand reduction 0.073 kW
1
 

Definitions N/A 

 

Key Parameters 

N/A  

Quality Assurance: Design, Installation, Commissioning, and Operation 

Verify the age of the motor being replaced and confirm the motor is a shaded pole and not part permanent-split 
capacitor. 

Important Notes 
2015 federal efficiency regulations (CFR-2014-Title 10, Volume 3, part 431, subpart X) require small electric motor 
efficiencies that are equivalent of an EC motor. 

1 PG&E work paper, PGE3PREF124-R1, ñDisplay Case ECM Motor Retrofit,ò June 14, 2012 

2 DEER_EUL_Summary_10-1-2008.xls 

7.5 EC Motor with Fan Cycling Controls for Cold Storage Evaporator Fans  

Measure Summary Information 

Measure description Installation of a fan motor controller to cycle (on/off) an evaporator fan in a walk-
in cooler. The measure includes replacing an existing shaded-pole motor with an 
EC motor. 

End use Refrigeration-all climate zones 

Project eligibility Minimum EC motor efficiency of 66% with a fan cycling controller
 
 

Savings type UES 

Unit energy savings See Savings Table. 

Incremental measure cost $468 per motor
1
 

EUL 10 years, based on the motor controller.
2
 If the age of the motor is unknown, the 

default remaining useful life (RUL) is 3 years. Otherwise, the RUL is equal to 
10 years minus the age of the motor. 

Baseline and Efficient Case Conditions 

Applicable baseline types Dual baseline ï early retirement 

Baseline description Shaded-pole evaporator fan motor, 8,760 hour operation 

Efficient case description High efficiency EC motor with controller integrated into the compressor controller, 
which reduces fan speed when refrigerant is not flowing to the evaporator coils. 

 

Savings Calculation 

Annual energy savings 
formula 

See TRM108 spreadsheet. Savings analysis is from IOU work paper.
1 

Savings 

values are the average of all available climate zones. Savings differ slightly by 
climate zone. However, the difference is negligible.  

Assumptions for direct energy savings: 
a. Baseline shaded-pole motor efficiency of 26% 

b. Installed EC motor efficiency of 66% 

c. 8,760 hours ï baseline operation 

d. Installed EC motors reduced to 75% speed when compressors cycle off 

e. Compressors assumed cycle off 4,380 hours 

Assumptions for indirect refrigeration savings: 

a. Refrigeration EFLH from custom DOE 2.2R model. 

b. Refrigeration system efficiency (EER) = 6.29 

Peak demand reduction  16 W motor & controller ï 0.071 kW 1.



Refrigeration Measures ɬ Nonresidential  Section 7  

Savings Estimation TRM  7-7 
 

ers 

 1/15 hp or 1/20 hp motor & controller ï 0.157 kW 2.

 1/5 hp motor & controller ï 0.266 kW 3.

 1/3 hp motor & controller ï 0.402 kW 4.

 1/2 hp motor & controller ï 0.553 kW 5.

 3/4 hp motor & controller ï 0.711 kW 6.

Definitions N/A 

Key Parameters 

N/A  

Quality Assurance: Design, Installation, Commissioning, and Operation 

1. Verify that EC motor efficiency is 66% or greater 

2. Verify the age of the motor being replaced and confirm it is a shaded pole and not part permanent-split capacitor. 

3. Confirm the fan speed is reduced when refrigerant compressor cycles off. 

Important Notes 

EC motors are required by code
3
 for new walk-in coolers or new fan coil installations. The savings related to the 

installation of an EC motor are not applicable for new installations. 

 

2015 federal efficiency regulations (CFR-2014-Title 10, Volume 3, part 431, subpart X) require small electric motor 
efficiencies that are equivalent of an EC motor. 

1
Work Paper PGE3PREF126, ñECM for Walk-In Evaporator with Fan Controller,ò June 20,2012 

2
DEER_EUL_Summary_10-1-2008.xls 

3
2015 California Appliance Efficiency Regulations (Title 20) 

7.5.1 Energy Savings Table  

This table provides the energy savings for each motor size and the percent savings attributable 

to the fan controller.  

Measure Description 

Demand 
Reduction 

(kW) 

Energy 
Savings ï 

Early 
Retirement 

(kWh) 

Energy 
Savings ï 

Natural 
Replacement 

(kWh) 

ECM for walk-in evaporator fan with controller ï 16 W 0.071 620 212 

ECM for walk-in evaporator fan with controller ï 1/15 hp + 1/20 hp  0.157 1,379 333 

ECM for walk-in evaporator fan with controller ï 1/5 hp 0.266 2,329 920 

ECM for walk-in evaporator fan with controller ï 1/3 hp 0.402 3,518 1,524 

ECM for walk-in evaporator fan with controller ï 1/2 hp 0.553 4,841 2,283 

ECM for walk-in evaporator fan with controller ï 3/4 hp 0.711 6,226 3,444 

7.6 Strip Curtain Infiltration Barrier for Refrigerated Space  

Measure Summary Information 

Measure description Installation of new strip curtains in doorways of walk-in coolers & freezers 

End use Refrigeration  

Project eligibility Installation of new strip curtains in existing doorways without an infiltration barrier or 
replacement of a failed strip curtain older than 4 years. Not applicable for newly 
constructed cold storage. 

Savings type UES 
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Unit energy savings See energy savings table
1
. Savings provided by end-use type (restaurant and 

grocery store). Units are kWh per sq ft of door opening 

Measure cost $10.22 per sq ft of door opening
1
 

EUL 4 years
1
 

Baseline and Efficient Case Conditions 

Applicable baseline types Natural replacement  preexisting conditions 

Baseline description  Existing doorway between refrigerated and non-refrigerated spaces without an 1.
infiltration barrier. 

 Code baseline applies to newly constructed cold storage areas. Since current 2.
code requires an infiltration barrier be installed, measure savings are not 

applicable to new construction
2
.  

Efficient case description New strip curtains 

Savings Calculation 

Annual energy savings  IOU work paper
1
. Savings are based on grocery and restaurant installations; 

however, savings may be used for strip curtain installations in refrigerated doorways 
in any end-use space. 

Peak demand savings See energy savings table 

Key Parameters 

Strip curtain effectiveness 

Install ratio 

Doorway usage 

= Average preexisting infiltration effectiveness: 40%. post-retrofit: 92% 

= 80% installed in refrigerated doorways and 20% in freezer doorways 

= Assumes 108 doorway openings per day 

Quality Assurance: Design, Installation, Commissioning, and Operation 

Ensure that strip curtains are properly installed. 

Important Notes 

N/A 

1
PG&E work paper, PGECOREF 103, ñStrip Curtains, Revision 4,ò May 25, 2012 

2
2015 Title 20 Appliance Efficiency Regulations provide requirements for walk-in cold storage areas less than 3,000 sq ft, 

2013/2016 Title 24 Building Energy Efficiency Standards provide mandatory requirements for cold storage equal to or greater than 
3,000 sq ft.  

7.6.1 Energy Savings Table ï Restaurant  

The following table provides energy savings and demand reduction for strip curtains per 

square foot of door opening.  

  By Storage Type Weighted Savings 

  Walk-In Coolers Walk-In Freezers 80% Cooler, 20% Freezer 

Climate 
Zone 

Demand 
Reduction 

Energy 
Savings 

Demand 
Reduction 

Energy 
Savings 

Demand 
Reduction kW 

Energy 
Savings kWh 

2 0.009455 118 0.027327 336 0.013 162 

3 0.008138 106 0.023354 302 0.011 145 

4 0.007967 107 0.022823 304 0.011 146 

5 0.007171 97 0.020319 273 0.010 132 

8 0.008138 111 0.023354 315 0.011 152 

9 0.009056 119 0.026149 341 0.012 163 

10 0.010313 131 0.029774 374 0.014 180 
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11 0.011259 136 0.032315 386 0.015 186 

12 0.010313 128 0.029774 366 0.014 176 

14 0.012302 150 0.03491 426 0.017 205 

15 0.013153 175 0.036853 495 0.018 239 

16 0.008138 99 0.023354 282 0.011 136 

7.6.2 Energy Savings Table  ï Grocery  

The following table provides energy savings and demand reduction for strip curtains per 

square foot of door opening.  

  By Storage Type Weighted Savings 

  Walk-in Coolers Walk-in Freezers 80% Cooler, 20% Freezer 

Climate 
Zone 

Demand 
Reduction 

Energy 
Savings 

Demand 
Reduction 

Energy 
Savings 

Demand 
Reduction kW 

Energy 
Savings kWh 

2 0.002899 91 0.018733 307 0.006 134 

3 0.004114 82 0.015448 273 0.006 120 

4 0.004014 82 0.015021 274 0.006 120 

5 0.003552 74 0.013044 244 0.005 108 

8 0.004114 85 0.015448 285 0.006 125 

9 0.004659 92 0.017742 310 0.007 136 

10 0.005421 102 0.020834 344 0.009 150 

11 0.006004 106 0.023086 358 0.009 156 

12 0.005421 100 0.020834 337 0.009 147 

14 0.006657 118 0.025468 397 0.010 174 

15 0.007197 138 0.027323 464 0.011 203 

16 0.004114 76 0.015448 255 0.006 112 

7.7 Refrigerated Display Case with Doors  

Measure Summary Information 

Measure description Replacement of vertical low-temperature (LT) and medium-temperature (MT) 
refrigerated display cases without doors with new display cases with doors. 

End use Refrigeration 

Project eligibility  New units replace multi-deck display cases without doors. 1.

 New display case consists of standard glass doors, EC evaporative fan motors, 2.
and T8 lamps. 

Savings type UES 

Unit energy savings See Energy Savings Table 

Measure cost MT: $575 per linear foot of case 

LT: $493 per linear foot of case 

EUL 12 years
1
 

 

Baseline and Efficient Case Conditions 
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Applicable baseline types Natural replacement  preexisting conditions 

Baseline description Existing refrigerated display case with no doors 

Efficient case description New refrigerated display case with doors, EC evaporative fan motors, and T8 lamps 
with electronic ballast 

Savings Calculation 

Annual energy savings  IOU work paper
2
. Savings are based on grocery store building energy simulations.  

Peak demand reduction MT: 0.004 ï 0.094 kW 

LT: 0.075 ï 0.149 kW 

Key Parameters 

Refrigeration systems 

Building type 

= Multiplex-compressors 

= Grocery store with space cooling and natural gas heating 

Quality Assurance: Design, Installation, Commissioning, and Operation 

N/A 

Important Notes 

N/A 

1DEER_EUL_Summary_10-1-2008.xls 

2PG&E work paper, ñNew Display Cases with Doors,ò Revision 4, May 11, 2012 

7.7.1 Energy Savings Table  

The following table provides energy savings and demand reduction for medium and low 

temperature display cases with doors. 

Climate 
Zone 

Medium Temperature Low Temperature 

Demand 
Reduction 

(kW) 

Energy 
Savings 
(kWh) 

Therm 
Savings 

Demand 
Reduction 

(kW) 

Energy 
Savings 
(kWh) 

Therm 
Savings 

2 0.049 143 26 0.075 993 42 

3 0.024 143 30 0.075 978 50 

4 0.089 135 24 0.080 942 42 

5 0.020 136 29 0.121 965 49 

8 0.012 103 18 0.089 928 39 

9 0.094 110 18 0.079 939 38 

10 0.073 118 18 0.085 922 35 

11 0.046 170 22 0.090 1,031 37 

12 0.065 140 23 0.083 968 39 

14 0.047 210 20 0.123 1,040 34 

15 0.004 76 12 0.149 1,123 24 

16 0.019 169 27 0.096 936 43 
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7.8 Auto -Closers for Main Cooler or Freezer Doors  

Measure Summary Information 

Measure description Installation of a door auto-closer on the main door of a walk-in cooler or freezer.  

End use Refrigeration 

Project eligibility Only applicable as a retrofit for walk-ins built before 2006 without door auto-closers. 
Not applicable for a replacement for a failed auto-closer. Not applicable for reach-in 
doors. 

Savings type UES 

Unit energy savings Auto-closer for walk-in cooler  979 kWh average for all climate zones. See Energy 
Savings Table for values by climate zone 

Auto-closer for walk-in freezer  2,421 kWh average 

Measure cost $157 per auto-closer 

EUL 8 years 

Baseline and Efficient Case Conditions 

Applicable baseline types Natural replacement  preexisting conditions 

For walk-ins built after 2006, the baseline is natural replacement  code. California 
Appliance Efficiency Standards (Title 20) require auto-closers after 2006. 

Baseline description Main walk-in door of walk-in cooler or freezer without an existing auto-closer. 

Efficient case description Auto-closer installed on walk-in door. 

Savings Calculation 

Annual energy savings  DEER 2005, IOU work paper
1
 

Peak demand reduction 0 kW 

Key Parameters 

N/A  

Quality Assurance: Design, Installation, Commissioning, and Operation 

N/A 

Important Notes 

N/A 

1PG&E work paper, PGECOREF110, ñAuto-Closers for Main Doors,ò Revision 3, May 2012 
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7.8.1 Energy Savings Table  

This table provides the energy savings and peak demand reduction for each climate zone. 

Climate 
Zone 

Cooler Door Freezer Door 

Demand 
Reduction 

Energy 
Savings 

Demand 
Reduction 

Energy 
Savings 

2 0.162 980 0.452 2,450 

3 0.127 958 0.296 2,394 

4 0.143 981 0.363 2,365 

5 0.165 961 0.192 2,378 

8 0.108 998 0.280 2,394 

9 0.181 1,005 0.422 2,432 

10 0.190 1,022 0.326 2,442 

11 0.159 1,014 0.363 2,457 

12 0.149 998 0.400 2,453 

14 0.225 1,000 0.141 2,495 

15 0.060 892 0.141 2,409 

16 0.149 943 0.326 2,386 

Average 0.152 979 0.309 2,421 

7.9 Anti -Sweat Heater Controls  

Measure Summary Information 

Measure description Installation of anti-sweat heater (ASH) controller on a low- or medium-temperature 
display case with doors. The ASH controller senses the relative humidity of the air 
surrounding the display case and reduces or turns off the anti-sweat heaters of the 
glass door and/or door frame during periods of low humidity. 

End use Refrigeration 

Project eligibility Applicable to existing refrigerated (cooler and freezer) display cases with 
continuously operating anti-sweat heaters where the anti-sweat heater power is: 

¶ More than 7 watts per square foot of freezer door opening, or 

¶ More than 3 watts per square foot of cooler door opening  

Savings type UES 

Unit energy savings See Savings Table 

Measure cost $48 per linear foot of display case
1
 

EUL 12 years
1
 

Baseline and Efficient Case Conditions 

Applicable baseline types Natural replacement  preexisting conditions. 

Baseline description Refrigerated display case with anti-sweat heaters always on with no controller 

Efficient case description Anti-sweat heater controller that cycles off door frame heaters based on the relative 
humidity of the surrounding air or the amount of condensation in the inner glass. 
Control logic reduces power when relative humidity is 55% or lower and continues to 
decrease power as the relative humidity decreases. 
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Savings Calculation 

Annual energy savings  IOU work paper 
1
 

Peak demand reduction See Energy Savings Table 

Key Parameters 

N/A  

Quality Assurance: Design, Installation, Commissioning, and Operation 

N/A 

Important Notes 

N/A 

1SCE work paper SCE13RN009, ñAnti-Sweat Heat (ASH) Controls,ò May 2012 

7.9.1 Energy Savings Table  

This table provides the energy savings and peak demand reduction for each climate zone. 

Savings are normalized per linear foot of refrigerated display case. Savings are provided for 

both low temperature and me dium temperature display cases. 

Climate 
Zone 

Low Temperature Medium Temperature 

Demand 
Reduction 

(kW/lf) 

Energy 
Savings 
(kWh/lf) 

Demand 
Reduction 

(kW/lf) 

Energy 
Savings 
(kWh/lf) 

2 0.047 673 0.046 374 

3 0.017 546 0.049 371 

4 0.001 556 0.044 374 

5 0.073 552 0.048 372 

8 0.034 551 0.043 376 

9 0.002 584 0.052 379 

10 0.034 631 0.048 376 

11 0.050 767 0.049 376 

12 0.058 651 0.048 376 

14 0.092 936 0.052 376 

15 0.014 827 0.044 375 

16 0.049 694 0.046 365 
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8. ALL OTHER NONRESIDENTIAL MEASURES 

8.1 Pump and Fan Variable Frequency Drive Control  

Measure Summary Information 

Measure description Retrofit of a pump or fan system by installing a variable frequency drive (VFD) for 
variable load or fixed constant load control. 

End use HVAC, process 

Project eligibility  Constant-flow pump or fan serving a variable load. 1.

 Oversized constant volume pump or fan serving a constant load. 2.

 Variable flow pump or fan controlled inefficiently, such as a poorly functioning inlet 3.
guide vane or a throttling devise (discharge damper, balancing valve).  

 Not applicable for cooling tower fan control.  4.

 Not applicable for systems with high static head. For example: 5.

a. Open-system irrigation water pumps. 

b. Water pump lift stations. 

c. Poorly designed VAV supply air fan systems with incorrectly positioned static 
pressure control sensor. 

d. Poorly designed water or air distribution systems with undersized branches or 
circuits. These types of systems are often operated with a high static pressure 
setting to overcome design deficiencies. 

Savings type Semi-custom 

Unit energy savings Project-specific savings can be calculated using either the TRM401, TRM405, TRM406, 
or TRM407 energy savings calculators. 

Measure cost Project-specific costs are used to determine cost-effectiveness. 

EUL 15 years
1
 

Baseline and Efficient Case Conditions 

Applicable baseline types Natural replacement ï preexisting conditions 

Baseline description  Fans ï savings calculator selection choices:  1.

a. Constant volume 

b. Inlet guide vane, forward curved (FC) fans 

c. Inlet guide vane, backward inclined (BI), & airfoil fans 

d. Inlet damper box 

e. Eddy current drives 

f. Outlet damper, FC fans 

g. Outlet damper, BI, & airfoil fans 

 Pumps ï calculator selection choices:  2.

h. Mechanical flow control 

i. Recirculation 

j. Throttle valve 

Efficient case description  VFDs installed on either a fan or pump system 1.

 Variable flow system with pump or fan speed control 2.

 VFD replacing a throttling valve to provide constant flow with reduced system pressure 3.
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Savings Calculation 

Annual energy savings   Savings are project-specific and can be estimated using the TRM401 pump and 1.
fan VFD calculator, an Excel 2010 spreadsheet model for estimating energy 
savings. TRM405 is a simplified fan rebate calculator. TRM 406 is a parking 
garage fan VSD rebate calculator. TRM407 is a pump VSD rebate calculator. 

 Fan and pump performance curves used to estimate savings are generic curves 2.

developed by BPA
2 

and are based on manufacturer performance data.  

 The VFD calculator allows for either standard load profiles or custom load 3.
profiles developed by the user based on actual operating conditions.  

Peak demand reduction In general, there is no peak demand reduction for this measure. It is possible, 
depending upon operating conditions, that there is a 2%ï5% demand penalty due 
to the efficiency losses associated with the addition of a VFD controller operating at 
100% flow. 

Key Parameters 

Performance curves and 
load profiles 

For improved accuracy, generic performance curves can be replaced with 
performance curves developed using actual manufacturer data. Load profile accuracy 
can be improved by trending post-installation fan performance. 

Quality Assurance: Design, Installation, Commissioning, and Operation 

 Determine design and control mechanism for preexisting fan or pump system. 1.

 Determine if load being served is constant or variable. 2.

 Determine if the application of VFD control is appropriate (e.g., no high static head or operational performance 3.
issues). 

 Ensure that the VFD is installed correctly and that pump or fan speed is controlled appropriately. 4.

Important Notes 

 Installation of VFDs is considered industry standard practice for a majority of applications and is required by 1.
code for a variety of HVAC applications. Savings are applicable only if a VFD would not have been installed 
otherwise.  

 Using measured trend data to estimate and validate energy saving is the most accurate method for estimating 2.
energy savings for fan and pump VFD retrofits. When measured data is unavailable, the VFD calculator will 
provide a reasonable estimate of potential energy savings given the project meets the eligibility criteria 
previously stated. 

 The calculator includes a default load profile for a garage fan being controlled by a CO2 sensor, based on 3.
measured field data. 

1
DEER_EUL_Summary_10-1-2008.xls (VSD Supply Fan Motors, Variable Flow Water Loop ï VSD Pump, Variable Air Volume Box, 

VSD Fan) 
2
Bonneville Power Administration BPA ASD Calculator for Fan & Pump Applications ï Summary of information provided in "Flow 

Control,ò a Westinghouse publication, Bulletin B-851, F/86/RevïCMS 8121. 
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8.1.1 Performance Curve Charts  

These charts illustrate the power curves used by the VFD calculator to estimate energy savings. 
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8.2 Vending Machine Controller  

Measure Summary Information 

Measure description Occupancy sensor controller installed on refrigerated vending machines for 
nonperishable bottled and canned beverages.  

End use Refrigeration, lighting 

Project eligibility  For controlling refrigerated vending machines 1.

 The controller includes a passive infrared occupancy sensor that turns off the 2.
lights and compressor when the area is unoccupied for 15 minutes or longer. 

 The control logic should periodically power up the machine at 2-hour intervals. 3.

Savings type UES 

Unit energy savings 1,612 kWh/yr
1 

Measure cost $215 per unit 

EUL 5 years
2
 

Baseline and Efficient Case Conditions 

Applicable baseline types Natural replacement ï preexisting conditions 

Baseline description Vending machine with no controls 

Efficient case description Vending machine with control system installed which completely powers the unit 
down when the area is unoccupied for 15 minutes.  

Savings Calculation 

Annual energy savings 
formula 

Energy savings
1 

are achieved by reducing the operating hours of the vending 

machine by shutting off the compressor and lighting during hours when the 
surrounding area of the unit is not occupied. DEER lists a single savings value for all 
commercial building types and vintages. 

Peak demand reduction No peak demand reduction is associated with this measure. 

Quality Assurance: Design, Installation, Commissioning, and Operation 

Verify that units have occupancy sensors correctly installed and calibrated. 

Important Notes 

N/A 

1 
PG&E work paper, PGECOREF111, ñVending Machine Controller,ò Revision 3, 6/8/2012 

2 DEER_EUL_Summary_10-1-2008.xls  
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8.3 Vending Machine Controller  Non-Refrigerated  

Measure Summary Information 

Measure description Installation of an occupancy sensor controller on a nonperishable snack dispensing 
vending machine 

End use Lighting, appliance 

Project eligibility Retrofit  vending machine has a lighted front and/or internal lighting 

Savings type UES 

Unit energy savings 410 kWh
1
 

Incremental measure cost $144
1
 

EUL 5 years
1
 

 

Baseline and Efficient Case Conditions 

Applicable baseline types Natural replacement ï preexisting conditions. There are no applicable federal or state 
code requirements. 

Baseline description Existing vending machine with no lighting occupancy sensor control 

Efficient case description Installation of a passive infrared occupancy sensor that turns off the vending machine 
lights when the area is unoccupied 

Savings Calculation 

Annual energy savings 
formula 

Work paper adjusts DEER 2005 value to account for HVAC interactive effects 

Peak demand reduction No demand savings are associated with this measure. 

Definitions N/A 

Key Parameters 

Hours of operation 8,760 hours before installation of controller 

Quality Assurance: Design, Installation, Commissioning, and Operation 

1. Verify that existing lighting is not controlled. 

2. Verify that occupancy sensor is located properly, 

3. Verify that sensor control is tested and commissioned to function as intended. 

Important Notes 

N/A 

1PG&E work paper, PGE3PLTG168 Vending Machine Controller ï Uncooled R0, June 2012 
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8.4 Insulated Holding Cabinets  

Measure Summary Information 

Measure description High efficiency ENERGY STAR-compliant half-size and full-size insulated hot food 
cabinets ranging in size from 0.3kw to 0.8kW 

End use Appliance - food preparation 

Project eligibility  Electric hot-food holding cabinets. 1.

 Cabinet is fully insulated with solid doors. 2.

 Maximum of 20 W per cubic foot per ASTM Standard F2140 3.

 Equipment is listed on Food Service Technology Center's Qualifying Appliance List. 4.

Savings type UES 

Unit energy savings Half-size ï 1,807 kWh/yr
1
 

Full-size ï 3,942 kWh/yr 

Measure cost Incremental cost 

Half-size ï $2,336
1
 

Full-size ï $381 

EUL 12 years
2
 

Baseline and Efficient Case Conditions 

Applicable baseline types Natural replacement ï code 

Baseline description California Appliance Efficiency Standards (Title 20), which require all new commercial 
hot- food holding cabinets to have a maximum normalized idle energy rate of 40 W/ft³ 
based on ASTM F2140. 

Efficient case description The measure case data was drawn from the CEC Appliance database
3
 that met the 

specified idle energy rate of 20 W/ft³ or less. 

Savings Calculation 

Annual energy savings 
formula 

Annual hours of operation = 15 hours/day × 365 days/yr 

Typical setpoint temperature = 150ºF 

Half-size unit  

Size = 10 cu ft 

Baseline efficiency = 40 W/ft³ 

Installed efficiency = 5.7 W/ft³ 

Full-size unit  
Size = 25 cu ft 

Baseline efficiency = 40 W/ft³ 

Installed efficiency = 11.3 W/ft³ 

Annual savings = (Annual hours) × [(Size) × (Baseline eff) ï (Installed eff)]/1000 

Peak demand reduction Savings are assumed to be constant throughout the 15 hours/day of operation. The 
15 hours of operation are all assumed to occur during peak periods. As such, the 
annual savings figure is divided by 5475 and a coincidence factor of 0.9 is applied as 
per the DEER methodology. 

Half-size ï 0.30 kW
1 

Full-size ï 0.65 kW
1
 

Quality Assurance: Design, Installation, Commissioning, and Operation 

Verify that units are listed on the Food Service Technology Center's Qualifying Appliance List. 

Important Notes 

N/A 
1 

PG&E work paper, PGECOFST105, ñInsulated Holding Cabinet ï Electric,ò Revision 3, 6/8/2012 

2 2011 DEER database shows an EUL of 12 years for all cooking appliance measures 
3
 PG&E Food Service Technology Center (FSTC) ï Qualified Insulated Holding Cabinets 
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8.5 Commercial Combination Oven  

Measure Summary Information 

Measure description Energy-efficient commercial combination oven capable of cooking food in either 
convection or steam mode 

End use Appliance ï food preparation 

Project eligibility  Equipment has a tested steam mode cooking energy efficiency of Ó50% and 1.
convection mode cooking energy efficiency of Ó70% utilizing American Society 
for Testing and Materials (ASTM) Standard F2861. 

 Equipment is listed on Food Service Technology Center's Qualifying Appliance List. 2.

Savings type UES 

Unit energy savings  <15 pan capacity ï 11,497 kWh/yr
1 1.

 15 ï 28 pan capacity ï 15,074 kWh/yr 2.

 >28 pan capacity ï 22,009 kWh/yr 3.

Measure cost  <15 pan capacity ï $1,568
1 1.

 15 ï 28 pan capacity ï $1,584 2.

 >28 pan capacity ï $7,048 3.

EUL 12 years 
2
 

 

Baseline and Efficient Case Conditions 

Applicable baseline types Natural replacement ï current practice 

Baseline description There are no applicable Title 20 or Title 24 minimum efficiency standards for 
combination ovens. Baseline for this measure was established by the Food Service 
Technology Center. 
Convection cooking energy efficiency ï 65% 
Steam cooking energy efficiency ï 40% 

Efficient case description Installed energy efficiency minimum efficiency requirements for this measure were 
established by the Food Service Technology Center. 
Convection cooking energy efficiency ï 70% 

Steam cooking energy efficiency ï 50% 

Savings Calculation 

Annual energy savings 
formula 

See TRM106 spreadsheet for assumptions and calculations. 

 

Peak demand reduction Savings
1 

are assumed to be constant throughout the 12 hours/day of operation. The 

12 hours of operation are assumed to all occur during peak periods. As such, the 
annual savings figure is divided by 4,380 and a coincidence factor of 0.9 is applied as 
per the DEER methodology. The original analysis (work paper) did not take into 
account the 0.9 coincidence factor.  

<15 pan capacity ï 2.36 kW 

15 ï 28 pan capacity ï 3.10 kW 

>28 pan capacity ï 4.53 kW 

Quality Assurance: Design, Installation, Commissioning, and Operation 

Verify that units are listed on the Food Service Technology Center's Qualifying Appliance List. 

Important Notes 

N/A 
1 

PG&E work paper, PGECOFST100, ñCommercial Combination Oven,ò Revision 4, 5/31/2012 
2 2011 DEER database shows an EUL of 12 years for all cooking appliance measures 

3
 PG&E Food Service Technology Center (FSTC)  
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8.6 Commercial Electric Steam Cooker  

Measure Summary Information 

Measure description Energy efficient electric steamer 

End use Appliance  food preparation 

Project eligibility  Electric self-contained unit. 1.

 The commercial steam cooker must meet ENERGY STAR specifications for 2.
energy efficiency or must have a tested heavy-load potato cooking energy 
efficiency of 50% utilizing ASTM Standard F1484. 

 Equipment must be listed on Food Service Technology Center's Qualifying 3.
Appliance List. 

Savings type UES 

Unit energy savings All units ï 5,431 kWh/yr 

Measure cost All units ï $2,132
1
 

EUL 12 years
2
 

 

Baseline and Efficient Case Conditions 

Applicable baseline types Natural replacement ï current practice 

Baseline description There are no applicable Title 20 or Title 24 minimum efficiency standards for 
commercial steamers. Baseline for this measure was established by the Food 
Service Technology Center. The measure case data was drawn from the list of 
commercial steamers that have been tested by IOU testing laboratories as of April 
20, 2012. 

Steam cooking energy efficiency is 38%. 

Efficient case description Installed steamers must meet ENERGY STAR specifications or must have a tested 
heavy-load potato cooking energy efficiency of 50% utilizing ASTM Standard F1484. 

Steam cooking energy efficiency is 68%. 

Savings Calculation 

Annual energy savings 
formula 

See the TRM106 spreadsheet for assumptions and calculations. 

 

Peak demand reduction Savings
1 

are assumed to be constant throughout the 12 hours/day of operation. The 

12 hours of operation are all assumed to occur during peak periods. As such, the 
annual savings figure is divided by 4380 and a coincidence factor of 0.9 is applied as 
per the DEER methodology. The original analysis ( work paper) did not take into 
account the 0.9 coincidence factor.  

All units ï 1.12 kW 

Quality Assurance: Design, Installation, Commissioning, and Operation 

Verify that units are listed on the Food Service Technology Center's Qualifying Appliance List. 

Important Notes 

Baseline energy use used in this savings estimate is lower than what is indicated in the reference work paper (work 
paper overestimates annual usage). 

1 
PG&E work paper,PGECOFST100, ñCommercial Combination Oven,ò Revision 4, 5/31/2012 

2 2011 DEER database shows an EUL of 12 years for all cooking appliance measures 

3
PG&E Food Service Technology Center (FSTC)  
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8.7 Commercial Electric Convection Oven  

Measure Summary Information 

Measure description Energy efficient electric convection oven 

End use Appliance  food preparation 

Project eligibility  Electric self-contained unit. 1.

 Energy efficiency Ó 70% per ASTM Standard F1496. 2.

 Equipment must be listed on Food Service Technology Center's Qualifying 3.
Appliance List. 

Savings type UES 

Unit energy savings 1. Half-size ï 2,518 kWh/yr
 1

 

2. Full-size ï 2,774 kWh/yr
 
 

3. Large full-size ï 3613 kWh/yr
 
 

Measure cost 1. Half-size ï $793
 1

 

2. Full-size ï $1,007 

3. Large full-size ï $649 

EUL 12 years 
2
 

Baseline and Efficient Case Conditions 

Applicable baseline types Natural replacement ï current practice 

Baseline description 1. There are no applicable California Title 20 or Title 24 minimum efficiency 
standards for combination ovens. Baseline for this measure was established by 
the Food Service Technology Center. The measure case data was drawn from 
the list of commercial steamers that have been tested by IOU testing laboratories 
as of April 20, 2012. 

2. Performance characteristics for the baseline equipment are listed below in the 
savings calculation section. 

Efficient case description Installed steamers must meet ENERGY STAR specifications or must meet the 
following minimum efficiency requirements: 

1. Half-size ï Ó70% cooking energy efficiency ï Ò1.0 kW idle rate 

2. Full-size ï Ó70% cooking energy efficiency ï Ò1.6 kW idle rate 

3. Large full-size ï Ó73% cooking energy efficiency ï Ò1.9 kW idle rate 

Savings Calculation 

Annual energy savings 
formula 

See TRM106 for assumptions and calculations. 

 

Peak demand reduction Savings
1 

are assumed to be constant throughout the 12 hours/day of operation. The 

12 hours of operation are assumed all to occur during peak periods. As such, the 
annual savings figure is divided by 4,380 and a coincidence factor of 0.9 is applied as 
per the DEER methodology.  

1. Half-size ï 0.52 kW
1
 

2. Full-size ï 0.57 kW
 
 

3. Large full-size ï 0.75 kW 

Quality Assurance: Design, Installation, Commissioning, and Operation 

Verify that units are listed on the Food Service Technology Center's Qualifying Appliance List. 

Important Notes 

N/A 
1 

PG&E work paper, PGECOFST101, ñCommercial Convection Oven,ò Revision 4, 6/5/2012 
2 2011 DEER database shows an EUL of 12 years for all cooking appliance measures 
3
PG&E Food Service Technology Center (FSTC) 
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8.8 Commercial Electric Fryer  

Measure Summary Information 

Measure description Energy efficient electric fryer 

End use Appliance  food preparation 

Project eligibility  Fryer is an electric self-contained unit. 1.

 Energy efficiency Ó 80% per ASTM Standard F1361  2.

 Equipment is be listed on Food Service Technology Center's Qualifying 3.
Appliance List 

Savings type UES 

Unit energy savings All units ï 3,061 kWh/yr 

Measure cost All units ï $769
1
 

EUL 12 years 
2
 

Baseline and Efficient Case Conditions 

Applicable baseline types Natural replacement ï current practice 

Baseline description There are no applicable California Title 20 or Title 24 minimum efficiency standards 
for fryers. Baseline for this measure was established by the Food Service Technology 
Center. The measure case data was drawn from the list of commercial steamers that 
have been tested by IOU testing laboratories as of April 20, 2012. 

All units 

1. Idle energy rate ï 1,200 W 

2. Cooking energy efficiency ï 75% 

Efficient case description Installed fryers must meet the following minimum efficiency requirements: 

All units 

1. Idle energy rate ï 860 W/sq ft/hr 

2. Cooking energy efficiency ï 85% 

Savings Calculation 

Annual energy savings 
formula 

See TRM106 spreadsheet for assumptions and calculations. 

Installed energy use used in these savings estimates is different than that used in 
source work paper. 

 

Peak demand reduction Savings
1 

are assumed to be constant throughout the 12 hours/day of operation. The 

12 hours of operation are assumed all to occur during peak periods. As such, the 
annual savings figure is divided by 4380 and a coincidence factor of 0.9 is applied as 
per the DEER methodology. Original analysis (work paper) did not take into account 
the 0.9 coincidence factor.  

All units ï 0.54 kW 

Quality Assurance: Design, Installation, Commissioning, and Operation 

Verify that units are listed on the Food Service Technology Center's Qualifying Appliance List. 

Important Notes 

N/A 

1 
PG&E work paper,PGECOFST103, ñCommercial Fryer ï Electric and Gas,ò Revision 4, 6/13/2012 

2 2011 DEER database shows an EUL of 12 years for all cooking appliance measures. 

3
PG&E Food Service Technology Center (FSTC)  
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8.9 Commercial Electric Griddle  

Measure Summary Information 

Measure description Energy efficient electric griddle 

End use Appliance  food preparation 

Project eligibility 1. Electric self-contained unit 

2. Meet ENERGY STAR specifications or energy efficiency Ó 70% per ASTM Standard 
F1275 

3. Equipment is listed on Food Service Technology Center's Qualifying Appliance List 

Savings type UES 

Unit energy savings All units ï 2,663 kWh/yr 

Measure cost All units ï $774
1
 

EUL 12 years 
2
 

Baseline and Efficient Case Conditions 

Applicable baseline types Natural replacement ï current practice 

Baseline description There are no applicable California Title 20 or Title 24 minimum efficiency standards for 
griddles. Baseline for this measure was established by the Food Service Technology 
Center. The measure case data was drawn from the list of commercial steamers that 
have been tested by IOU testing laboratories as of April 20, 2012. 

All units 

Cooking energy efficiency ï 60% (ASTM F1275 test) 

Efficient case description Installed griddles meets ENERGY STAR specifications or must meet the following 
minimum efficiency requirements 

All units 

Cooking energy efficiency ï 75% (ASTM F1275 test) 
 

Savings Calculation 

Annual energy savings 
formula 

See TRM106 spreadsheet for assumptions and calculations.  

 

Peak demand reduction Savings
1 
are assumed to be constant throughout the 12 hours/day of operation. The 12 hours 

of operation are assumed to all occur during peak periods. As such the annual savings figure 
is divided by 4,380 and a coincidence factor of 0.9 is applied as per the DEER methodology. 
The original analysis (work paper) did not take into account the 0.9 coincidence factor.  

All units ï 0.49 kW 

Quality Assurance: Design, Installation, Commissioning, and Operation 

Verify that units are listed on the Food Service Technology Center's Qualifying Appliance List 

Important Notes 

N/A 

1 
PG&E work paper, PGECOFST103, ñCommercial Griddle,ò Revision 4, 5/2/2012 

2 2011 DEER database shows an EUL of 12 years for all cooking appliance measures. 

3
 PG&E Food Service Technology Center (FSTC)  
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8.10 Commercial Dishwasher  

Measure Summary Information 

Measure description ENERGY STAR-qualified commercial dishwasher 

End use Appliance  food preparation 

Project eligibility Installation of an ENERGY STAR (specification version 2.0) qualified commercial 
dishwasher of the following types: under counter, door-type, single-tank conveyor 
and multi-tank conveyor 

Savings type UES 

Unit energy savings See Energy Savings Table. Savings varies by type of dishwasher, water temperature 
and energy source of hot water.  

Incremental measure cost See Cost Table. Incremental cost varies by the type of dishwasher 

EUL 10 years
1
 

Baseline and Efficient Case Conditions 

Applicable baseline types Natural replacement  code 

Baseline description Standard efficiency unit 

Efficient case description ENERGY STAR 2.0-qualified unit 

Savings Calculation 

Annual energy savings 
formula 

1. The energy savings were determined using the ENERGY STAR commercial 

kitchen equipment calculator
1
. 

2. The calculator defaults to 365 days/year operation for all dishwasher types and 
assumes an average daily cycle value for each dishwasher type. 

3. For low-temperature dishwashers, a 40
o
F change in temperature is assumed. 

The change in temperature for a high-temperature dishwasher is 70
o
F. 

4. The calculator determines the annual water consumption by multiplying the 
water used per cycle by the assumed number of cycles per year and multiplying 
that product by the amount of energy needed to heat that amount of water to the 
required temperature. 

Peak demand reduction N/A  peak savings demand reduction estimate is not available 

Key Parameters 

N/A  

Quality Assurance: Design, Installation, Commissioning, and Operation 

Verify that the dishwasher meets the ENERGY STAR specifications. 

Important Notes 

N/A 

 
1
ENERGY STAR commercial kitchen equipment calculator (Nov-2013). Available at: www.energystar.gov.  

8.10.1 Energy Savings Table  

The table below provides the ranges of savings values for the four types of dishwashers (under 

counter, door-type, single-tank conveyor , and multi -tank conveyor) used in buildings with 

either gas or electric water heating. The dishwashers with booster heating are also separated by 

either gas or electric heating. 

  

http://www.energystar.gov/
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Dishwasher & Fuel Type 
Annual 

kWh 
Annual 
Therms 

Water 
(Gallons) 

Low temp. undercounter, gas heat N/A 106 14,783 

Low temp. undercounter, elec. heat 2,540 N/A 14,783 

High temp. undercounter, gas heat, gas booster 1,471 71 6,296 

High temp. undercounter, gas heat, electric booster 2,089 45 6,296 

High temp. undercounter, electric heat, gas booster 2,553 26 6,296 

High temp. undercounter, electric heat, electric booster 3,171 N/A 6,296 

Low temp. door-type, gas heat N/A 675 94,024 

Low temp. door-type, electric heat 16,153 N/A 94,024 

High temp. door-type, gas heat, gas booster 827 461 40,880 

High temp. door-type, gas heat, electric booster 4,840 294 40,880 

High temp. door-type, electric heat, gas booster 7,850 168 40,880 

High temp. door-type, electric heat, electric booster 11,863 N/A 40,880 

Low temp. single-tank conveyor, gas heat 584 545 75,920 

Low temp. single-tank conveyor, electric heat 13,626 N/A 75,920 

High temp. single-tank conveyor, gas heat, gas booster 2,511 280 24,820 

High temp. single-tank conveyor, gas heat, electric booster 4,948 178 24,820 

High temp. single-tank conveyor, electric heat, gas booster 6,775 102 24,820 

High temp. single-tank conveyor, electric heat, electric booster 9,212 N/A 24,820 

Low temp. multi-tank conveyor, gas heat N/A 786 109,500 

Low temp. multi-tank conveyor, electric heat 18,811 N/A 109,500 

High temp. multi-tank conveyor, gas heat, gas booster 1,986 1,063 94,170 

High temp. multi-tank conveyor, gas heat, electric booster 11,230 676 94,170 

High temp. multi-tank conveyor, electric heat, gas booster 18,163 386 94,170 

High temp. multi-tank conveyor, electric heat, electric booster 27,408 N/A 94,170 
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8.10.2 Measure Cost Table  

The cost data below is from the ENERGY STAR calculator.  

Measure Name Cost 

Low temp. undercounter, gas heat $50 

Low temp. undercounter, electric heat $50 

High temp. undercounter, gas heat, gas booster $120 

High temp. undercounter, gas heat, electric booster $120 

High temp. undercounter, electric heat, gas booster $120 

High temp. undercounter, electric heat, electric booster $120 

Low temp. door-type, gas heat $0 

Low temp. door-type, electric heat $0 

High temp. door-type, gas heat, gas booster $770 

High temp. door-type, gas heat, electric booster $770 

High temp. door-type, electric heat, gas booster $770 

High temp. door-type, electric heat, electric booster $770 

Low temp. single-tank conveyor, gas heat $0 

Low temp. single-tank conveyor, electric heat $0 

High temp. single-tank conveyor, gas heat, gas booster $2,050 

High temp. single-tank conveyor, gas heat, electric booster $2,050 

High temp. single-tank conveyor, electric heat, gas booster $2,050 

High temp. single-tank conveyor, electric heat, electric 
booster 

$2,050 

Low temp. multi-tank conveyor, gas heat $970 

Low temp. multi-tank conveyor, electric heat $970 

High temp. multi-tank conveyor, gas heat, gas booster $970 

High temp. multi-tank conveyor, gas heat, electric booster $970 

High temp. multi-tank conveyor, electric heat, gas booster $970 

High temp. multi-tank conveyor, electric heat, electric booster $970 

8.11 High Efficiency Clothes Washers in Multi family Properties  

Measure Summary Information 

Measure description New high efficiency front-loading or top-loading clothes washer installed in a 
multifamily property 

End use Appliance  residential 

Project eligibility Installation of a CEE Tier 3 clothes washer in a multifamily residence. Clothes washer 
can be installed in the residential unit (in-unit) or be a coin operated washer installed 
in a common area.  

Washer meets or exceeds CEE Tier 3 performance specifications (dated Jan -2011): 

1. Modified energy factor (MEF) = 2.40 or greater 

2. Water factor = 4.0 or less 

Savings type UES 

Unit energy savings 1. In-unit clothes washer ï 144 kWh/yr, 0.082 kW, 9.6 therms/yr 

2. Coin operated clothes washer ï 645 kWh/yr, 0.076 kW, 51.8 therms/yr 

Incremental measure cost $284
1
 

EUL 11 years
1 



All Other Nonresidential Measures   Section 8  

Savings Estimation TRM  8-15 
 

ers 

Baseline and Efficient Case Conditions 

Applicable baseline types Natural replacement  code 

Baseline description Title 20 compliant clothes washer, MEF = 1.26.  

Efficient case description CEE Tier 3-qualified clothes washer 
 

Savings Calculation 

Annual energy savings 
formula 

IOU work paper
1 

 

Energy savings are achieved by a reduction in heated water use and a reduction in 
dryer energy use (efficient water spin cycles remove more water from clothes).  

Savings values are based on various assumptions regarding clothes washer market 
shares, weighted average efficiencies of standard and efficient washers, and RASS-
based populations of gas and electric dryers and hot water heaters. 

Peak demand reduction The residential energy/peak factor of 0.417 from DEER 2005 was used to calculate 
the peak demand. 

Definitions N/A 

Quality Assurance: Design, Installation, Commissioning, and Operation 

Verify that clothes washers meet CEE Tier 3 specifications - see CEE list of qualifying products. 

Important Notes 

N/A 

1
PG&E work paper PGECOAPP120 R3 Clothes Washers MF, June 2012 

8.12 ENERGY STAR Uninterrupted Power Supply  

Measure Summary Information 

Measure description Installation of an ENERGY STAR-qualified uninterrupted power supply (UPS)  

End use Process  electronic equipment 

Project eligibility ENERGY STAR products in the following category are eligible: 

 Commercial UPS intended to protect small business and branch office 1.
information and communication technology equipment such as servers, network 
switches and routers, and small storage arrays 

 Data center UPS intended to protect large installations of information and 2.
communication technology equipment such as enterprise servers, networking 
equipment, and large storage arrays 

 Telecommunications DC-output UPS/Rectifier intended to protect 3.
telecommunication network systems located within a central office or at a remote 
wireless/cellular site 

The following products are not eligible: 

 Consumer UPS intended to protect desktop computers and related peripherals, 4.
and/or home entertainment devices 

 Products that are internal to a computer or another end-use load 5.

 Industrial UPS specifically designed to protect critical control, manufacturing, or 6.
production processes 

Savings type UES 

Unit energy savings 204 kWh per rated kVA 

Incremental measure cost $59 per rated kVA
1
 

EUL 10 years
2 



Section 8 All Other Nonresidential Measures  

8-16  Savings Estimation TRM 
 

ers 

Baseline and Efficient Case Conditions 

Applicable baseline types Natural replacement ï current practice 

Baseline description Non-ENERGY STAR-qualified UPS 

Efficient case description ENERGY STAR-qualified UPS 

Savings Calculation 

Energy savings Based on average efficiency gains of an ENERGY STAR UPS (3%ï5%). Savings are 
calculated for the three DOE test sizes based on typical UPS loading and efficiency 
gains, then averaged together to arrive at a single savings estimate. For calculation 
details, see TRM115 ENERGY STAR UPS spreadsheet.  

Peak demand reduction No peak demand reduction is estimated for this measure. 

Key Parameters 

N/A  

Quality Assurance: Design, Installation, Commissioning, and Operation 

UPS Power and Performance Data Sheet (PPDS) should be checked to verify that it indicates that the UPS 
equipment meets ENERGY STAR requirements. 

Important Notes 

Little to no cost data on ENERGY STAR units is currently available; cost data should be collected to help verify 
incremental measure costs. 
1
Incremental measure cost based on average UPS costs for a range of sizes, assuming a 30% premium for an ENERGY 

STAR UPS. 
2
Useful life for UPS can exceed 10 years (per manufacturer literature) and possibly be as high as 20 years. However, some UPS 

internal components may fail earlier. Ten years is used as a conservative estimate for EUL. 

8.13 Plug -Load Occupancy Sensor  

Measure Summary Information 

Measure description Replacement of standard electric power strips with occupancy sensor-controlled 
strips in commercial office space 

End use Plug load  consumer electronics 

Project eligibility  Power strip must control electricity-using equipment in offices or cubicles, 1.
including shared copiers and/or printers. 

 Power strip must be controlled by either passive infrared and/or ultrasonic 2.
detectors. 

Savings type UES 

Unit energy savings 64 kWh per smart strip installed 

Measure cost $37.29 per smart strip
1
 

EUL 8 years
2
 

Baseline and Efficient Case Conditions 

Applicable baseline types Natural replacement ï preexisting conditions 

Baseline description Preexisting standard power strips without any control mechanism and which are 
controlled with a single manual switch. 

Efficient case description Occupancy sensor-controlled power strips that use an ultrasonic or infrared sensor 
and automatically turn off ancillary plug loads connected to the power strip when an 
area is unoccupied. Plug loads are devices that plug into a buildingôs electrical 
system; they include task lights, appliances, entertainment equipment, vending 
machines, and office equipment: fax machines, computers, printers, and copiers. 
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