
Deemed Energy and Demand Savings Tables 

The energy and demand savings of High Efficiency Convection Ovens are deemed values 
based on an assumed capacity for the average convection oven installed The following tables 
provide these deemed values. 

Table 2-71: Deemed Energy and Demand Savings Values 

Oven Size 	 Annual Energy Savings [kWh] 	Peak Demand Savings [kW] 

Full-Size 
	

1,937 
	

0.410 

Half-Size 
	

192 
	

0.040 

Claimed Peak Demand Savings 

Refer to Volume 1, Appendix B: Peak Demand Reduction Documentation for further details on 
peak demand savings and methodology. 

Measure Life and Lifetime Savings 

The EUL has been defined for this measure as 12 years, consistent with ENERGY STAR® 
research122 and with the DEER 2014 EUL update (EUL ID — Cook-ElecConvOven). 

Program Tracking Data & Evaluation Requirements  

The following primary inputs and contextual data should be specified and tracked within the 
program database to inform the evaluation and apply the savings properly. 

• High Efficiency Equipment Manufacturer and Model Number 

• High Efficiency Equipment Heavy Load Cooking Efficiency 

• High Efficiency Equipment Idle Rate 

• Oven Size 

• Verification of ENERGY STAR® certification 

References and Efficiency Standards  

Petitions and Rulings 

N/A 
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RelevantStandards and Reference Sources 

• ENERGY STAR° requirements'ior Commercial Ovens. 
http://www.energystargov/index.cfm?c=ovens.pr_crit_comm_ovehs. Accessed 
1/22/2015. 

• ENERGY STARe list of Qualified tOmmercial Ovens. 
http://www.energystargov/productfinderldownlõadlcertified-commercial-ovens. 
Accessed 1/22/2015 

• DEER 2014 EUL update 

Document Revision History 

Table 2-72: Nonresidential High-Efficiency Convection Oven History 

TRM Version 

v1.0 

Date 

11/25/2013 

Description of Change 

TRM v1.0 origin 

v2.0 k 04/18/2014 No revisions 

v3.0 

, 

04/10/2015 

Updated to newer ENERGY STAR® Commercial Ovens Program 
Requirements Version 2.1. Simplified calculation methodology to a 
single representative building type consistent with the ENERGY 
STAR® Comrnercial Kitchen Equiprhent Savings Calculator. 

v3.1 11/05/2015 Updatedtitle to reflect En ENERGY STAR® Measure. 

v4.0 10/10/2616 No revisions 
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2.4.3 ENERGY STAR® Commercial Dishwashers Measure Overview 

TRM Measure ID: NR-FS-DW 

Market Sector: Commercial 

Measure Category: Food Service Equipment 

Applicable Building Types: See Eligibility Criteria 

Fuels Affected: Electricity 

Decision/Action Type: Retrofit, Replace-on-Burnout and New Construction 

Program Delivery Type: Prescriptive 

Deemed Savings Type: Deemed Savings Values 

Savings Methodology: Look-up Tables 

Measure Description 

This document presents the deemed savings methodology for the installation of an ENERGY STAR® 
commercial dishwasher. Commercial dishwashers that have earned the ENERGY STAR® label are 
on average 25% more energy-efficient and 25% more water-efficient than standard models. The 
energy savings associated with ENERGY STAR® commercial dishwashers is primarily due to reduced 
water use and reduced need to heat water. A commercial kitchen may have external booster water 
heaters or booster water heaters may be internal to specific equipment. Both primary and booster 
water heaters may be either gas or electric; therefore, dishwasher programs need to assure the 
savings calculations used are appropriate for the water heating equipment installed at the participating 
customer's facility. The energy and demand savings are determined on a per-dishwasher basis. 

Eligibility Criteria 

The dishwasher must be ENERGY STAR® certified and fall under one of the following 
categories, and are described in Table 2-73: 

• Under Counter Dishwasher 

• Stationary Rack, Single Tank, Door Type Dishwasher 

• Single Tank Conveyor Dishwasher 

• Multiple Tank Conveyor Dishwasher 

• Pot, Pan & Utensil 

Eligible building types include independent restaurants, chain restaurants, elementary and 
secondary schools, colleges and universities, corporate foodservice operations, healthcare, 
hospitality, and supermarkets.123  

123  CEE Commercial Kitchens lnitiative's overview of the Food Service Industry: 
http://library.ceel .org/sites/default/files/library/4203/CEE_CommKit_lnitiativeDescription_June2014.pdf.  
Accessed 04/30/2015. 
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Dishwashers intended for Lise in residential or laboratory applications are not eligible for4  
ENERGY STAR® under this product specification. Steam, gas, and other non-electric models 
also do riot qualify. 	• 

Table' 2-73: Nonresidential ENh1116Y STAI,0 Commercial Distwifishers Descriptions 

Equipment 
Type Equipment Description 

Under Counter 
Dishwasher 

A machine with overall height of 38" or less, in which a rack of.dishes remains 
stationary-within ihe machine while being Subjected to sequential wasfrand rinse 

'sprays, and is designed to be installed under food preparation workspaCes. Under 
_counter dishwasners can be eifher chemiCal or hot water sanitizing, with an internal 
booster heater for the latter. For purpbses of this specificaticin; only those maChiiies 
designed for wash cycles of 10 minutes or less can qualify for ENERGY STAR®. 

Stationary 	' 
Rack, Single 
Tank, Door 
Type 
Dishwasher 	,, 

A machine in ,which a rack of dishes remains stationary within the machine while , 
subjected to sequential wash and rinse'aprays. This definition also applies to 
machines in which the rack revolvei on an axis-during the wash and rinse cycles.-
Subcategories of 'stationary door tyrie machines include: single and multiple wash 
tank, double rack, pot, pan and utensil washers, chemical dump type and hooded 
wash compartment (hood type"). Stationary rack, single tank, door type models are 
covered by this specification and can be either chemical or hot water sanitizing, with 
an internal or external booster heater for the latter. 

Single Tank 
Conveyor 
Dishwasher 

, 

- 
. 

A washing machine that employs a conveyor or similar mechanism to carry dishes 
through a series of wash and rinse sprays within the machine. Specifically, a single 
tank conveyor machine has a tank for wash water followed by a final sanitizing rinse 
and does not have a pumped rinse tank. This type of machine maÿ include a pre-
washing section before the washing section. Single tank conveyor dishwashers can* 
either be cheMical or hot water sanitizing, with an internal or external booster heater 
for the latter. 	 , 

Multiple 	., 
Tank Conveyor 
Dishwasher 

, 
A conveyor type machine that has one or more tanks for wash water arid one or 
more tanks for pumped rinse water, followed by a final Sanitizing rinse. This type of. 
machine maY include one more pre-washing sections before the washing section. 
Multiple tank conveyor dishwashers can be either chemical or hot-vVater sanitizing, 
with an internal or external hot water booster heater foi-  the latter. 

Pot, Pan, 
and Utensil 

. 	. 
A stationary rack, door type machine designed to clean and sanitize pots, pans, and 
kitchen utensils. 	 , 

Baseline Condition 

Baseline equipment is either a low-temperature124  or high temperature125  machine aS defined by 
Table 2-73, which is nof used in a residential or laboratory setting. For low-temperature units, 
the DHW is assumed to be electrically heated. For high-temperature units:the DHW can either' 
be heated by electric or natural gas methods. For units heated with natural gas, the unit shall 
have an electric booster heater attached to it. 

124  Low temperature machines apply a chemical sanitizing solutiorrto the surface of the dishes to achieve 
sanitation. 

125  High temperature machines aplly only hot water to the surface of the dishes to achieve sanitation. 
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High-Efficiency Condition 

Qualifying equipment must meet or exceed the ENERGY STAR® V2.0 specification. High 
temperature equipment sanitizes using hot water, and requires a booster heater. Booster 
heaters must be electric. Low temperature equipment uses chemical sanitization, and does not 
require a booster heater. The high efficiency dishwasher is required to have the maximum idle 
energy rate and water consumption as shown in Table 2-74 below. 

Table 2-74: High-Efficiency Requirements for Commercial Dishwashers126  

Low Temperature Efficiency 	High Temperature Efficiency 
Requirements 	 Requirements 

Machine Type 
idle Energy 
Rate [kW] 

Water 
Consumption 

[gal/rack] 

ldle Energy 
Rate (kW] 

- 	- 
Water 

Consumption 

[gal/rack] 

Under Counter 5 0.50 5 1.19 5 0.50 5 0.86 

Stationary Single Tank Door 5 0.60 5 1.18 5 0.70 5 0.89 

Single Tank Conveyor 5 1.50 5 0.79 5 1.50 5 0.70 

Multiple Tank Conveyor 5 2.00 5 0.54 5 2.25 5 0.54 

Pot, Pan and Utensil < 1.00 50.58127  5 1.20 < 0.58127  

Energy and Demand Savings Methodology 

Savings Algorithms and input Variables 

The calculation for these deemed values are calculated based on the following algorithms: 

Energy Savings [kWh] 
1 W TDmy  

= (V waterB c 	
C 	+  booSt)  

aterP) X 

	

	 A Pwater X CP )( 3413 kBtuh lDHW 
WashTime\ 

x (tdays  X thours tdays X Nracks  X 	  
60 	) 

AkWh 

	

Peak Demand [kW] = 	x CF 
thrs X tdays 

VwaterB = tdays X Nracks X V galrackB 

+ (Idlebase  — Idlep.st) 

Equation 67 

Equation 68 

Equation 69 

126  Table 2-74 values are provided in ENERGY STAR® Program Requirements Product Specification for 
Commercial Dishwashers, Version 2.0. https://www.enemstarmov/ia/partners/product  specs/program  
reqs/Commercial Dishwasher Program Requirements.pdf. 

127  Water Consumption for Pot, Pan and Utensil is specified in gallons per square foot rather than gallons 
per rack. 
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V waterP = tday's X Nracks X V galrackP 
Equation 70 

Where: 

VwaterB 	= 	Baseline volume of water consumed per year [gallons] 

VwaterP 	= 	Post measure volume of water consumed per )%ear [gallons] 

tdays 	• = 	' Facility operating days pet year [days] 

thours 	= 	Equipment operating hours per day [hours] 

Nracks 	= 	Numb& of racks washed per days 

CF 	= 	Peak coincidence factor 

VgalrackB 	= 	Gallons of water used perrack of dishes washed for conventional 
di.§ht4iashers [gallons] 

VgalrackP 	= 	Gallons of water used per radk of dishes washed for ENERGY 
STAR® dishwashers [gallons] 

pwater 	= 	Density *Of water [lbs/gallon] 

Cp 	 = 	Specific haat of Water [Btunb ,°F] 

,AtDHW 	= 	Inlet water temperature incre6se for building water heater [°F] 

11DHW 	= 	Building electric water heater and boosier heater efficiency p/o] 

ATboost 	= 	Inlet water temperature for booster water heater FF] 

1DLEbase 	 Baseline Idle Energy Rate [kW] , 

IDLEp05t 	 High Efficiency Idle Energy Rate [kW] 

WashTime = 	Wash"time per Rack 

t 
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Table 2-75: Deemed Variables for Energy and Demand Savings Calculations 

inputs 
Single 	Multiple 	Pot, Pan 

Under , Door Tank 	Tank 	and Utensil 
Counter 	Type 	Conveyor , Conveyor 

tdays128  

thours5  

CF 

Pwater 

cp 

ATDHW4  

11DHW 

ATboost 

365 

18 

0.97 

8.208 [lbs/gallon] 

1.0 [Btu/lb °F] 

Gas Hot Water Heaters: 0°F 

Electric Hot Water Heaters: 70 °F 

98% 

Gas Booster Heaters: 0 °F 

Electric Booster Heaters: 40 °F 

nboost 98% 

Low Temperature Units 

Nracks 75 280 400 600 N/A 

VgalrackB 1.73 2.10 1.31 1.04 N/A 

VgalrackP 1.19 1.18 0.79 0.54 N/A 

IDLEoase 0.50 0.60 1.60 2.00 N/A 

IDLEpost 0.50 0.60 1.50 2.00 N/A 

WashTime 2.0 1.5 0.3 0.3 N/A 

High Temperature Units 

Nracks 75 280 400 600 280 

VgalrackB 1.09 1.29 0.87 0.97 0.70 

VgalrackP 0.86 0.89 0.70 0.54 0.58 

IDLEoase 0.76 0.87 1.93 2.59 1.20 

IDLEpost 0.50 0.70 1.50 2.25 1.20 

WashTime 2.0 1.0 0.3 0.2 3.0 

Deemed Energy and Demand Savings Tables 

The energy and demand savings of High Efficiency Dishwashers are deemed values based on 
an assumed capacity for the average convection oven installed. The following tables provide 
these deemed values. 
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Under 
Counter 

kWh kW 1111111131 
Door Type 

Single Tank 
Conveyor 

Multi Tank 
Conveyor 

Pot, Pan and 
Utensil 

kW 

Facility 
Description 

Table 2-76: Deemed Energy and Peak Demand Savings Values by Dishwasher 

Low Temp. / 
ElectriC Hot 
Water Heater 

2,540 0.375 16,153 2.385 13,626 2.012 18,811 .2.777 NA NA 

High Temp. / 
Electric Hot 
Water Heater w/ 
Electric Booster 
Heater 

3,171 0.468 11,863 1.751 9,212 1.360 27,408 4.046 3,311 0.489 
ik 

High Temp. / Gas 
Hot Water Heater 
w/ Electric 
Booster Heater 

2,089 0.308 4,840 0.715 4,948 0.730 11;236 1.658 1,204 0.178 

Measure Life and Lifetime Savings. 

The EUL has'been defined for this measure as 11 years, consistent with ENERGY STAR® 
research. 

1 

Program Tracking Data & Evaluation RegUirements  

The following primary inputs and contextual data should be specified and tracked within the 
program database to inform the evaluation and apply the savings properly. 

• Baseline and Post-Reiràfi't Dishwasher Machine Type 

• Post-Retro-fk Make and Model Number 

• Energy Source for Primary Water Heater 

• Energy Source for Booster Water Heater 

References and Efficiency Standards 

Petitions and Rulings 

N/A 

128  ENERGY STAR®. "Savings Calculator for ENERGY STAR® Qualified Commercial Kitchen 
. Equipment." Accessed 12/16/2013. 

128  California End Use Survey (CEUS), Building workbooks with load shapes by end use. 
http://capabilities;the EM&V team.com/CeusWeb/Chart.aspx. Accessed 07/12/12: 
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Relevant Standards and Reference Sources 

• ENERGY STAR® requirements for Commercial Dishwashers. 
http://www.energystar.gov/sites/defaultlfiles/specsllprivate/Commercial_Dishwasher_Pr  
ogram_Requirements%20v2_0.pdf. Accessed 01/30//2015. 

• ENERGY STAR® maintains an online list of qualified commercial dishwashers meeting 
or exceeding ENERGY STAR® requirements at: 
http://www.energystar.gov/productfinder/product/certified-commercial-
dishwashers/results. Accessed 01/30//2015. 

• ENERGY STARO v2.0 Calculator (Commercial Kitchen Equipment Savings 
Calculator). 
http://www.energystargov/buildings/sites/default/uploads/files/commercial_kitchen_equ  
ipment_calculator.xlsx. Accessed 01/27/2015. 

Document Revision History 
Table 2-77: Nonresidential ENERGY STAR@ Commercial Dishwashers History 

TRM Version 	Date 	 Description of Change 

	

v1.0 	11/25/2013 TRM v1.0 origin 

	

v2.0 	
04/18/2014 Update savings based on newest version of ENERGY STAR® deemed 

input variables. 

	

v2.1 	01/30/2015 Corrections to Water Use per Rack in Table 2-74. 

Aligned calculation approach with ENERGY STAR® Commercial 
Dishwashers Program Requirements Version 2.0. Simplified 
methodology to a single representative building type consistent with the 
ENERGY STAR® Commercial Kitchen Equipment Savings Calculator. 

	

v4.0 	10/10/2016 Added high-efficiency requirements for pots, pans, and utensils. 

v3.0 	04/30/2015 

2-125 
Nonresidential: Food Setvice Equipment 	 Texas Technical Reference Manual, Vol. 3 
ENERGY STAR® Commercial Dishwashers 	 November 1, 2016 



,2.4.4 ENERGY STAR@ Hot Food Holding Cabinets Measure Overvievir 

TRM Measure ID: NR-FS-FiC 

Market Sector: Commercial 

Measure Category: Food Service Equipment 

Applicable Building Types: See Eligibility Criteria 

Fuels Affected: Electricity 

Decision/Action Type: Retrofit, Replace-on-Burnout or New ConstrUction 

Program Delivery Type: Prescriptive 

Deemed Savings Type: Deemed Savings Values 

Savings Methodology: Look-up Tables 

Measure Description 

This section covers the energy and demand savings resulting in the installation of ENERGY 
STAR® qualified hot food holding cabinets. Models that meet these ENERGY STAR® 
specifications incorporate better insulation, reducing heat loss, and may also offer additional 
energy saving devices such as magnetic door gaskets, auto-door closers, or,Dutch doors. The 
insulation of the cabinet offers better temperature uniformity with the cabinet from top to bottom. 
The energy and demand savings are deemed, and based off of an interior volume range of the 
holding cabinets and the building type. An average wattage has been calculated for each 
volume range, half size, three quarter size,,and full size. The energy,and deinand savings are 
determined on a per-cabinet basis. 

Eligibility Criteria 

Hot food holding cabinets must be ENERGY STAR® certified.13°  Eligible building types include 
independent restaurants, chain restaurants, elementary and secondary schools, colleges and 
universities, corporate foodservice operations; healthcare, hospitality, and supermarkets.131  

The following'products are excluded from the ENERGY STAR® eligibility criteria: 

• Dual function equipment, 

• Heated transparent merchAndising cabinets, and 

• Drawer warmers 

130  A list of ENERGY STAR® qualified products can be found on the ENERGY STAR® website: 
http://www.energystargov/productfinder/product/certified-commercial-hot-food-holding-cabinets/results. 
Accessed 08/05/2013. 

131  CEE Commercial Kitchens Initiative's overview of the Food Service Industry: http://library.ceel.org/sites/  
defaultifiles/library/4203/CEE_CommKit_InitiativeDescription June2014.pdf. Accessed 04/30/2015. 
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Baseline Condition 

Eligible baseline equipment is a half-size, three-quarter size, or full-size hot food holding cabinet 
with a maximum idle energy rate of < 40 watts/ft3  for all equipment sizes. 

High-Efficiency Condition 

Eligible equipment are set by ENERGY STAR® and based on the cabinets interior volume. 
Table 2-78 summarizes ldle Energy Rates per ENERGY STAR@ Version 2.0: 

Table 2-78: Maximum idle Energy Rate Requirements ENERGY STAR® Qualification 

Product Category 
Product interior 

Volume [ft3] 
Idle Energy Rate [VV] 

Half Size O<V< 13 5 21.5 V 

Three-Quarter Size 13 ~V~ 28 5 2.0 V + 254.0 

Full Size 28 ~V 5 3.8 V + 203.5 

*V = Interior Volume = Interior Height x Interior Width x Interior Depth 

Energy and Demand Savings Methodology 

Savings Calculations and Input Variables 

The calculation for these deemed values are calculated based on the following algorithms: 

1 
Energy Saving [kWh] = (EkileB  — Eldlep) X 	 

low 
thrs X tdays 

Equation 71 

Peak Demand [kW] = IdleB E Idle)) X 
1 
	x 
1000 CF  

Equation 72 

Where: 

Eft:HOB 
	

Baseline idle energy rate RM. See Table 2-79 

EldleP 
	

Idle energy rate after installation [14q. See Table 2-79 

V 
	

Product Interior Volume [fe] 

thrs 
	 Equipment operating hours per day [hrs] 

tdays 
	

Facility operating days per year 

CF 
	

Peak coincidence factor 
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Annual Energy Savings [kWh] 

    

 

Peak Demand Savings [kVV] 

    

    

Half 
	

1,215 	 0.204 

Three-Quarter 
	

2,770 

Full 

0.466 

4,832 0.812 

Table 2-79: Equipment Operating Hours per Day andpperating Days per Year 

input Variable 

Product interior Volume [ft3] 

Half-Size 

12 

Three-Quarter 
Size 

20 , 	30 

Baseline Equipment ldle Energy Rate [EidieB] 480 800 1,200 

Efficient Equipment idle Energy Rate [Eldielp] 258 294 ' 318 

Operating Hours per Day 	houthi  rf 	1 L... 15 

Facility' OPerating Days per Year [td.ays] 365 

Peak Coindidence Factor132  [CF] 0.92 

Deemed Energy and Demand Savings Tables 

The energy and demand savings of Electric Hot Food Holding Cabinets are deemed values. 
The following tables provide these deemed values. 

Table 2-90: Deemed Energi and Demand Savings Values by HFHC Size 

Measure Life and Lifetime Savings 

The EUL has been defined for this measure as 12 years per the PUCT approved Texas EUL 
filing (Docket No. 36779), and is consistent with ENERGY STARO's research133  and the DEER 
2014 EUL update (EUL ID - Cook-Hold Cab) 

Program Tracking Data & Evaluation Requirements  

The following primary inputs and contextual data sh6uld be' specified and tracked within the 
program database to inform the evaluation and apply the savings properly. 

• Baseline Equipment Interior Cabinet Volume 

• Baseline Equipment Idle Energy Rate 	• 

• Post-Retrófit Equipment Interior Cabinet Volume 

• Post-Retrofit Equipment Size (Half, Three-Quarters, Full) 

132  California End Use Survey (CEUS), 'Building workbooks with load shapes by end use. 
http://capabilities.the  EM&V team.com/CeusWeb/Chart.aspx. Accessed 07/12/12. 

133  ENERGY STAR® measure life based on Food Service Technology Center (FSTC) research on 
available models, 2009. ENERGY STAR®. "Savings Calculator for ENERGY STAR® Qualified 
Commercial Kitchen Equipment." http://www.energystar.gov/ia/business/bulkpUrchasinglb%20  
sp%20savings%20calc/commercial%20kitchen%20equipment%20calculatorxls. Accessed 09/14/11. 
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References and Efficiency Standards  

Petitions and Rulings 

• PUCT Docket 36779 — Provides EUL for Hot Food Holding Cabinets 

Relevant Standards and Reference Sources 

• ENERGY STAR® requirements for Hot Food Holding Cabinets. 
https://www.energystargov/ia/partners/product_specs/program_reqs/Commercial_HFH  
C_Program_Requirements_2.0.pdf. Accessed 01/21/2015 

• DEER 2014 EUL update 

Document Revision History 
Table 2-81: Nonresidential Hot Food Holding Cabinets History 

TRM Version Date Description of Change 

v1.0 11/25/2013 TRM v1.0 origin 

v2.0 04/18/2014 No revisions 

Updated to newer ENERGY STAR® Hot Food Holding Cabinet 

v3.0 04/10/2015 
Program Requirements Version 2.0. Simplified calculation methodology 
to a single representative building type consistent with the ENERGY 
STAR® Commercial Kitchen Equipment Savings Calculator. 

v4.0 10/10/2016 No revisions 
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24.5 ENERGY si-ARp Electric Fryers Measure Overview 

TRM Measure ID: NR:FS-EF 

Market Sector: Commercial 

•Measure Category: Cooking Equipment 

Applicaple Building Types See Eligibility Criieria 

Fuels Affected: Electricity 

Decision/Action Type: Retrofit,.Replace-on-Burnout or New Construction 
, 

.Program Delivery Type: Prescriptive 

Deemed iavings TyPe: Deemed Values 

Savings Methodology: Look-up Tables 

J 

Measure Description - 

This section presents th'e deemed savings methodology for the installation of an ENERGY 
STAR® Electric Fryer. Fryers which have eirned the ENERGY STAR® rating, offer shorter 
cook times and higher production rates through advanced burner and heat exchanger designs. 
Fry pot insulation redudes standby losses resulting irf a lower idle energy rate. The energy and 
demand savings are determined on a per-fryer basis., 

Eligibility Criteria 

Eligible units must meet ENERGY STAR® qualifications, either counter-top or floor type 
designs, with standard-size and large vat fryers as defined by ENERGY STAR®134. 

- • 	Standard-Size Electric Fryer: A fryer with a vat that measures 12 inches and < 18 
inches wide, and a shortening capacity 25 pounds and 5 65 pounds. 

• Large Vat Electric Fryer: A fryer with a vat that measures ~ 18 inches and 5 24 inches 
wide, and a shortening capacity > 50 pounds. 

'Eligible building types include inClependent restaurants, chain restaurantg, elementary and 
secondary schools, colleges and universities, corporate foodservice operations, he'althcare, 
hospitality, and supermarkets135  

The following products are excluded from the ENERGY StAR® eligibility criteria: 

• Fryers with vats measuring < 12 inches wide, or > 24 inches wide 

134  ENERGY STAR® Program kequirements Product Specifications for Electric Fryers. Eligibility Criteria 
Version 2.0. https://www.energystar.gov/ia/partners/product_specs/program_reqs/Commercial_Fryers_  
Program_Requirements.pdf. Accessed 01/27/15. 

135  CEE Commercial Kitchens Initiative's overview of the Food.Service Industry: http://library.ceel .org/sites/  
default/files/library/4203/CEECommKit_InitiativeDeScription_June2014.pdf. Accessed 04/30/2015. 
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Baseline Condition 

Baseline fryers can be existing or new electric standard-size fryers 	inches < 18 inches wide 
or large vat fryers > 18 inches and < 24 inches wide that do not meet ENERGY STAR@ product 
criteria. 

High-Efficiency Condition 

New electric standard fryers ?_12 inches and < 18 inches wide and large vat fryers >18 inches 
and < 24 inches wide that meet or exceed the ENERGY STAR@ requirements listed below in 
Table 2-82. 

Table 2-82: High-Efficiency Requirements for Electric Fryers 

Inputs 
	

Standard 	 Large-Vat 

Cooking energy efficiency 
	

80% 
	

80% 

idle energy rate [W] 
	

1,000 
	

1,100 

Energy and Demand Savings Methodology 

Savings Algorithms and input Variables 

The calculation for these deemed values are calculated based on the following algorithms: 

Energy Savings [kWh] = kW hbase  — kW hpost 

Equation 73 

kWhbase  — kighpost 
x CF Peak Demand [kW] = 	  

topHrs X tdays 

Equation 74 

E food  
kWhbase  = — 	X 	 •idleB X tOpHours W food  

cookingB 

W food  )) tdays 

CCapB X  1000 

Equation 75 

( 	
E food  , , 

kWhpost = W food X 	1-  idle' X tOpHours 
licookingP 

W food  )) x  tdays  

CCapP 	1000 

Equation 76 

2-131 
Nonresidential: Food Service Equipment 	 Texas Technical Reference Manual, Vol. 3 
ENERGY STAR® Electric Fryers 	 November 1, 2016 



Where: 

kWhbase 

kWhbost 

Wfood 

Efood 

ticookingP 

ricookingB 

EldleP 

EldleB 

CCapP 

CCapi3 

tDays 

tootts 

Baseline annual energy consumption [kWh] . 

Post annual energy consumption [kWh] 

Pounds of food cooked per day [lb/day] 

ASTM energy to food [Wh/lb] 

Post measure cooking energy efficiency [h] 

Baseline cooking energy efficiency [X3] 

Post measul-e idle energy rate NW 

Baseline idle energy rate NW 

Post measure production capacity Or pan [lb/hr] 

Baeline production papacity per pan [Ib/hr] 

Facility operating days per year (days/yr] 

Average daily operating hours per day [hr] 

Percent of rated production capacity NI - 

= 	Peak coincidence factor 
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Table 2-83: Deemed Variables for Energy and Demand Savings Calculations136  

Standard-Sized Vat 	 Large-Vat 

Parameter 
	

Baseline 	Post Retrofit 	Baseline 	Post Retrofit 

kWhbase 
See Table 2-79 

kWhbast 

Wfood 
	

150 

tOpHors 
	

16 
	

12 

tdays 
	

365 

CF137 
	

0.92 

Efood 
	

167 

ficooking 75% 80% 70% 80% 

Eidle 1,050 1,000 1,350 1,110 

CCap 65 70 100 110 

Deemed Energy and Demand Savings Tables 

The energy and demand savings of Electric Fryers are deemed values. Table 2-84 provides 
these deemed values. 

Table 2-84: Deemed Energy and Demand Savings Values by Fryer Type 

Fryer Type 
kWhbase 

Annual Energy 	Peak Demand 
kWhp,st 	Savings [kWh] 	Savings [kW] 

Standard 
	

17,439 
	

16,488 
	

952 
	

0.150 

Large Vat 
	

18,236 
	

15,700 
	

2,536 
	

0.533 

Measure Life and Lifetime Savings 

The EUL has been defined for this measure as 12 years per the PUCT approved Texas EUL 
filing (Docket No. 36779) and by the DEER 2014 EUL update (EUL ID — Cook-ElecFryer). 

Program Tracking Data & Evaluation Requirements 

The following primary inputs and contextual data should be specified and tracked within the 
program database to inform the evaluation and apply the savings properly. 

• Manufacturer and Model Number 

• High Efficiency Unit Heavy Load Cooking Efficiency 

136  Deemed input values come from ENERGY STAR® Commercial Kitchen Equipment Calculator. 
http://www.enerqvstar.qov/buildinqs/sites/default/uploads/files/commercial  kitchen equipment calculat 
or.xlsx. Accessed 01/30/2015. 

137  California End Use Survey (CEUS), Building workbooks with load shapes by end use. 
http://capabilities.the  EM&V team.com/CeusWeb/Chart.aspx. Accessed 07/12/12, 
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• High Efficiency Unit Equipment idle Rate 

• Fryer Width 

• Verification of ENERGY STARO certification 

References and Efficiency Standards  

Petitions and Rulings 

• PUCT Docket 36779 — Provides EUL for Electric Fiyers 

Relevant Standards and Reference Sources 

• ENERGY STAke requirements for Electric Fryers 
https://www.energystargov/ia/partners/product_specs/program_reqs/Conime'rCialf  ryer 
s_Program_Requirements.pdf. Accessed 01/22/2015. 

• DEER 2014 EUL update 

bocument Revision History 
Table 2-85: Nonresidential Electric F ers 'History 

TRM Version Date Description of Change 

v1.0 11/25/2013 TRM v1.0 origin 

v2.0 04/18/2014 No revisidfis 

., 
v3. 0 - 

• 

04/10/2015  

Updated to newer ENERGY STAR® Electric Fryers Program 
Requirementt' Version 2.1. Simplified calculation methodology to a 
single representative building type consistent with the ENERGY 
STAR@ ComMercial Kitchen Equipment Savings Calculator. 

v4.0 10/10/2016 No revisions' 
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2.4.6 Pre-Rinse Spray Valves Measure Overview 

TRM Measure ID: NR-FS-SV 

Market Sector: Commercial 

Measure Category: Food Service Equipment 

Applicable Building Types: See Table 2-87 

Fuels Affected: Electricity 

Decision/Action Type: Retrofit 

Program Delivery Type: Direct install or Point of Sale 

Deemed Savings Type: Deemed Values 

Savings Methodology: Deemed 

Measure Description 

This document presents the deemed savings methodology for the installation of Pre-Rinse 
Sprayers to reduce hot water usage to save energy associated with heating the water. Water 
heating is assumed to be electric. The energy and demand savings are determined on a per-
sprayer basis. Installation of Pre-Rinse Spray Valves to reduce energy consumption associated 
with heating the water. 

Eligibility Criteria 

Pre-rinse spray valves must have a maximum flow rate no greater than 1.25 GPM. Units must 
be used for commercial food preparation only. 

Baseline Condition 

Eligible baseline equipment is pre-rinse sprayer using 1.60 GPM.13a  

High-Efficiency Condition 

Eligible equipment is a pre-rinse sprayer using 1.25 GPM or less. The sprayer should be 
capable of the same cleaning ability as the old sprayer.139  

138  Federal standards, based on EPACT 2005 and ASTM F2324 test conditions require a base line of 1.6 
GPM. 

139  FEMP Performance Requirements for Federal Purchases of Pre-Rinse Spray Valves, Based on ASTM 
F2324-03: Standard Test Method for Pre-Rinse Spray Valves. 

2-135 
Nonresidential: Food Service Equipment 	 Texas Technical Reference Manual, Vol. 3 
Pre-Rinse Spray Valves 	 November 1, 2016 



Energy,and Demand Savings Methódology 

Savings Algorithms and input Variables 

The calculation for these deemed values are calculated based on the following algorithins: 

	

)Days 	 CE  
Energy [kWh] = (FB  X UB — Fp X Up) X — X (TH  — Tc) X CH  X 	 

	

Year 	 Ef f E  

Equation 77 

CE  
Peak Demand [kW] = P x (FB  x UB  — Fp X Up) X (TH —  x CH  x 

E ff E 

'EqUation 78 

Where: 

FB 
	 Average Baseline Fiow Rate of Sprayer (GPM) 

Fp 	 = 	Average Post Measure Flow Rate of Sprayer (GPM) 

UB 
	 Baseline Water Usage Duration 

Up 	 Post-Retrofit Water'Úsage Duration 

TH 
	 Average mixed hot water (after spray valve) temperature (°F) 

Tc 
	

Average supply (cold) water temperature (°F) 

Days 
	

AnnCial facility operating days for the applications 

CH 
	 Unit Conversion: 8.33 BTU/ (Gallons-°F) 

a 

CE 
	

Unit Conversion: 1 BTU = 0.00029308 kWh (1/3412) , 

EffE 
	 Efficiency of Electi:ic Water Heater 

Hourly Peak Demand as percent of Daily Demand, 
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Table 2-86: Deemed Variables for Energy and Demand Savings Calculations 

Variable 	 Deemed Values 

FB 
	

1.6138  

FP 
	

1.25138,139  

Fast Food Restaurant: 45 min/day/unit14° 

Casual Dining Restaurant: 105 min/day/unit149  

UB =UP 	 Institutional: 210 min/day/unit149  

Dormitory: 210 min/day/unit149  

K-12 School: 105 min/day/unit141  

TH 	 120142  

Tc 	 69143 

Fast Food Restaurant: 360 

Casual Dining Restaurant: 360 

Days144 	 Institutional: 360 

Dormitory: 270 

K-12 School: 193 

CH 	 8.33 

CE 	 0.00029 

EffE 	 1.0 

Fast Food Restaurant: 6,81% 

Casual Dining Restaurant: 17.36% 
p145 	 Institutional: 5.85% 

Dormitory: 17.36% 

K-12 School: 11.35% 

140  CEE Commercial Kitchens Initiative Program Guidance on Pre-Rinse Valves. 
141 Assuming that institutions (e.g., prisons, university dining halls, hospitals, nursing homes) are serving three 

meals a day, prorate schools by 1.5hrs to 3hrs (assuming schools serve breakfast to half of the students and 
lunch to all), yielding 105 minutes per day. 

142  According to ASTM F2324-03 Cleanability Test, the optimal operating conditions are at 120°F. This test 
consists of cleaning a plate of dried tomato sauce in less than 21 seconds with 120 ± 4°F water at a specified 
distance from the plate. This test is performed at 60 ± 2 psi of flowing water pressure. 

143  FEMP Performance Requirements for Federal Purchases of Pre-Rinse Spray Valves, Based on ASTM F2324-
03: Standard Test Method for Pre-Rinse Spray Valves. Average calculated input water temperature for five 
Texas climate zone cities. 

144  For facilities that operate year round: assume operating days of 360 days/year; For schools open weekdays 
except summer: 360 x(5/7) x (9/12) = 193; For dormitories with few occupants in the summer: 360 x (9/12) = 270. 

145  ASHRAE Handbook 2011. HVAC Applications. Chapter 50 - Service Water Heating American Society of 
Heating Refrigeration and Air Conditioning Engineers, Inc. (ASHRAE) 2011. ASHRAE, Inc., Atlanta, GA. The 
Hourly Flow Profiles given in Figure 24 on page 50.19, were reviewed and A-85 118 analyzed. The Hourly 
Peak Demand as a percent of the daily flow was estimated by knowing the total daily flow, the hourly flow, 
and the peak demand period window in Arkansas. 
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Deemed Energy and Demand Savings Tables 
4 

The energy and demand savings Of Pre-Rinse Sprayers are deemed values. The folloWing table 
provides these deemed Values. 

, 	- 
Table 2-87: Deemed Energy and Demand Sivings Values by Building Type 

Pre-Rinse Spray Valve Electric Savings 

Fast Food 

Annual Energy Savings [kWh] Peak Demand Savings [kW] 

, 	706 0.134 

Casual Dining 1,647 0.794 

Institutional 3,295 0.535 

Dormitory 2,471 1.589 

School 883 0.519 

Measure Life and Lifetime Savings 

The EUL has been defined for this measure as 5 years.138,143  This is consistent with PUCT 
Docket No. 36779. 

Prograin Tracking Data & Evaluation Requirements  

The following primary inputs and contextual data should be specified and tracked within the 
program database to inform the evaluation and apply the savings prOperly. 

• Baseline Equipment flow-rate 

• Retrofit Equipment flow-rate• 

• Building Type 

References and Efficiency Standards  

Petitions and Rulings 
• PUCT Docket 40669 — Provides energy and demand savings and measure specifications. 

Attachment A: http://interchange.puc.state.tx.us/WebAppAnterchange/  
Documents/40669_3_735684.pdf. Accessed 09/09/2013. 

• PUCT Docket 36779 — Provides EUL for Pre-Rinse Sprayers 

Relevant Standards and Reference Sources 
N/A 
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Document Revision History 
Table 2-88: Nonresidential Pre-Rinse Spray Valves History 

TRM Version Date Description of Change 

v1.0 11/25/2013 TRM v1.0 origin 

Updated the baseline and post-retrofit minimum flow rate values, based on 
v2.0 04/18/2014 federal standards. Removed reference to a list of qualifying pre-rinse spray 

valves. 

v3.0 04/10/2015 No revisions 

v4.0 10/10/2016 No revisions 
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2.4.7 ENERGY STAR® Electric Steam Cookers Measure Overview 

TRM Measure ID: NR-FS-SC 

Market Sector: Commercial 

Measure Category: Cooking Equipment 

Applicable Building Types: See Eligibility Criteria 1 

Fuels Affected: Electricity 

Decision/Action Type: Retrofit, Replace-oh-Burnikit or New ConStruction 

Program Delivery Type: PrescriptiVe 

Deemed Savings Type: Deemed Savings Values 

Savings Methodology: Look-up Tables 

Measure Description 

This document presents the deemed savings methodology kir the installation of Electric Steam 
Cookers. Steam cookers are available in 3, 4, 5, or 6 pan and larger capacities. ENERGY 
STAR® qualified units are up to 50% more efficient than standard modelsThey have higher 
production rates ind reduced heat loss due to better insulation and a more efficient steam 
delivery system. The energy and demand savings are determined on a per-cooker basis. 

Eligibility Criteria 

Eligible Steam Cookers can have a 3, 4, 5 or 6 pan capacity.1 A list of eligible equipment is fourid 
on the ENERGY STAR® list of qualified equipment.'" Eligible building types include 
independent restaurants, chain restaurants, elementary and 'secondary schools, colleges and 
universities, corporate foodservice operations; healthcare, hospitality, and supermarkets147  

Baseline Condition 

Eligible baseline condition for retrofit situations are electric Steam Cookers that are not 
ENERGY STAR® certified. 

High-Efficiency Condition 

The high efficiency electric steam cookers are assumed to be ENERGY STAR® certified and. 
have the characteristics shown in Table 2-89. 

146  ENERGY STAR® Qualified Commercial Steam Cookert. List Posted on May 15th, 2012. 
http://www.enerpvstar.pov/ia/products/prod  lists/Steamers prod ,list.pdf. Accessed 09/09/2013. 

147  CEE Commercial Kitchens Initiative's overview of the Food Service Industry: ,  
http:illibrary.ceel .org/sites/default/files/library/4203/CEE,CommKit_lnitiativeDescription June2Ol4. pdi. 
Accessed 04/30/2015. 
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',post X Np„ 	 1000 

(tdays  
W food ) 

x 
 NOpDays 

X 

Equation 82 

Table 2-89: ENERGY STAR® Energy Efficiency and ldle Rate Requirements for Electric Steam 
Cookers.'" 

Pan Capacity Cooking Energy Efficiency [%] idle Rate [IN] 

3-Pan 50% 400 

4-Pan 50% 530 

5-Pan 50% 670 

6-Pan and Larger 50% 800 

Energy and Demand Savings Methodology 

Savings Algorithms and Input Variables 

Energy Savings [AlcWh] = kW hbase  — kWhpost 
Equation 79 

Alcigh 
Peak Demand [kW] = 	x CF 

thrs X tdays 
Equation 80 

kW hba„ = W food X Efood "7- 

	

	
Efood  

lltSteam) X EidleRate,base Thsteam X Cpan  X Npan  X 

base 	 ?base ) 

X ( 	
W  food 	NOpDays 

tdays 	 X 	 
'Those X Npan) 	1000 

Equation 81 

E food

) 

 
(1 — 	 litsteam X Cpan  X N pan  x 	 kWhp„,,t 	W f ood X E food + 	 -itsteam) X EidleRate,post 

I/post gpost 

Where: 

kWhbase 	= 	Baseline annual energy consumption [kWh] 

kWhpost 	= 	Post annual energy consumption [kWh] 

AkWh 	= 	Energy Savings = kWhbase— kWhpost 

Wfood 	 = 	Pounds of food cooked per day [lb/day] 

E food 	 = 	ASTM energy to food [Wh/lb] 

148  ENERGY STAR®. "Commercial Steam Cookers Key Product Criteria.". 
http://www.energystar.gov/index.cfm?c=steamcookerspr_crit_steamcookers. Accessed 9/26/11 
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qbase 

tlpost 

iltsteam 

EktleRate, base .  

Eiaseline.Cooking ene'rgy efficiency (Differs for"boilet-based or steam 
generator equipment) 

Post-Retrofit Cooking energy efficiency. 

Perceht oi time in cOnsiant starn mode NJ 
• 

Idle energy rate Am. (Differs for boiler-based or steam-generator 
equipment) 

EldiRate, post 	= 	Idle energy rate j1M.' 

Cpan = 	Production capacity per pan [lb/hrl 

Npan 	 = 	Number of pans 

NOpDays 	= 	Facility operating days per yer [daYs/yr] 

tOpHrs 	 = 	Average daily operating hours per day Thr] 

CF 	= 	Peak coincidence factor 

1000 	= 	Wh to kWh conversion factor 

Table 2-90: Deerned Variables for Energy and Dernjnd Savings Calculations149  

kWhbase 
11110=1.111111111=11111. 

• See Tible 2-91Table 

Post Retrofit Value 

2-91 
kWhpost 

Wfood iod 
Efood 30.8 

n Boiler-based Efficiency: 26% 
Stearn-Generator Efficiericy: 30%  

50% - 

ritSteam 40% 
EldleRate , 

Boiler-based ldle Rate: 1,000 
Steam Generator idle Rate: 1,200 

, 
, ' 

3-Pan: 400 
4-Pan: •530 
5-Pan: 670 
6-Pan: 800 

' 

Cpan 23.3 16.7 
Npan 34, 5, br 6 • 
tOpHours 

.. 
12 1  

NOpDays 365 

r 
149  ENERGY STAR®. "Savings Calculator for ENERGY STAR® Qualified Commercial Kitchen Equipment." 

Accessed 9/26/11. Equipment specifications from 2009 Food Service Technology Center (FSTC) research 
on available models. Equipment cost from 2010 EPA research on available models using AutoQuotes. 
http://www.enerqvstar.qov/ia/business/bulk  p-urchasinq/bpsavinCIS calc/commercial kitchen eciuibment  
calculator.xls. 
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Parameter 
	

Baseline Value 	 Post Retrofit Value 

CF15° 
	

0.92 

Table 2-91: Annual Energy Consumption and Daily Food Cooked151  

Steam Cooker 
Type Npan kWhbase kWhpost 

Annual 
Energy 
Savings 
[kWh] 

Peak  
D emand  

! 	Savings 
[kW] 

3-Pan 19,416 7,632 11,784 2.475 

4-Pan 24,330 9,777 14,553 3.057 
Boiler Based 

5-Pan 29,213 11,946 17,268 3.627 

6-Pan and 
Larger 34,080 14,090 19,990 4.199 

3-Pan 17,599 7,632 9,967 2.093 

Steam Generator 4-Pan 21,884 9,777 12,107 2.543 

5-Pan 26,132 11,946 14,186 2.980 

6-Pan and 
Larger 30,360 14,090 16,270 3.417 

Deemed Energy and Demand Savings Tables 

The energy and demand savings of High Efficiency Steam Cookers are deemed values. The 
following tables provide these deemed values. 

Measure Life and Lifetime Savings. 

The EUL has been defined for this measure as 12 years, consistent with both ENERGY STAR® 
specifications and DEER 2014 EUL update (EUL ID — Cook-ElecStmCooker). 

Program Tracking Data & Evaluation Requirements  

The following primary inputs and contextual data should be specified and tracked within the 
program database to inform the evaluation and apply the savings properly. 

• High Efficiency Manufacturer and Model number 

• Number of Pans 

• Verification of ENERGY STAR® certification 

150  California End Use Survey (CEUS), Building workbooks with load shapes by end use. 
http://capabilities.the  EM&V team.com/CeusWeb/Chart.aspx. Accessed 07/12/12. 

151  The pre- and post- energy values are calculated using the ENERGY STAR® calculator and the inputs 
from Table 2-85 and Table 2-86. http://www.enemstar.qov/buildinqs/sites/default/uploads/files/   
commercial kitchen equipment calculator.xlsx  
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References and Efficiency Standards 

Petitions and Rulings 

• PUCT Docket 40669 — Provides energy and demand savings and measure 
specifications 

Relevant Standards, and Reference Sources 

• ENERGY STAR® specifications for CommercialSteam Cdokers. 
https://www.energystar.gov/ia/partners/product_specs/program_reqs/Commercial_Stea  
m_Cookers_Program_Requirernents.pdf. Accessed 01/22/2015. 

• DEER 2014 EUL update 

Document Revision HiStory 

Table 2-92: Nonresidential High-Efficiency Commercial Steam Cookers History 

  

Date 

  

TRM Version 

   

  

Description of Change 

   

    

v1.0 	11/25/2013 TRM v1.0 origin 

v2.0 04/18/2014 Updated EUL based on ENERGY STAR@ and DEER 2014. 

V3.0 04/10/2015 

Updated to newer ENERGY STAR@ Steam Cooker Orogram 
Requirements Version 1.2. Simplified,calculation methodology to 
single representative building type cohsistent with the ENERGY 
STAR@ Comrnercial Kitchen Equipmeht Sayings Calculator. 

v4.0 10/10/2016 No revisions 
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2.5 NONRESIDENTIAL: REFRIGERATION 

2.5.1 Door Heater Controls Measure Overview 

TRM Measure ID: NR-RF-DC 

Market Sector: Commercial 

Measure Category: Refrigeration 

Applicable Building Types: Any commercial retail facility such as supermarkets, 
grocery stores, hotels, restaurants and convenience stores. 

Fuels Affected: Electricity 

Decision/Action Type: Retrofit 

Program Delivery Type: Prescriptive 

Deemed Savings Type: Deemed Savings Values 

Savings Methodology: Look-up Tables 

Measure Description 

This document presents the deemed savings methodology for the installation of Door Heater 
Controls for glass-door refrigerated cases with anti-sweat heaters (ASH). A door heater 
controller senses dew point (DP) temperature in the store and modules power supplied to the 
heaters accordingly. DP inside a building is primarily dependent on the moisture content of 
outdoor ambient air. Because the outdoor DP varies between climate zones, weather data from 
each climate zone must be analyzed to obtain a DP profile. The reduced heating results in a 
reduced cooling load. The savings are on a per-linear foot of display case basis. 

Eligibility Criteria 

N/A 

Baseline Condition 

Baseline efficiency case is a cooler or a freezer door heater that operates 8,760 hours per year 
without any controls. 

High-Efficiency Condition 

Eligible high efficiency equipment is a cooler or a freezer door heater connected to a heater 
control system, which controls the door heaters by measuring the ambient humidity and 
temperature of the store, calculating the dew point (DP) temperature, and using pulse width 
modulation to control the anti-sweat door heater based on specific algorithms for freezer and 
cooler doors. 
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Energy and Demand Savings Methodology 

Savings Algorithms and lnptit Variables 

The energy savings from the installation of Anti-Sweat heater controls are a result from both the 
decrease in length of time the heater is running (kWhAsN) and the reduction in load on the 
refrigeration (kWhrefng). These savings are calculated using the following procedures: 

Indoor dew point (td_in) can be calculated from outdoor Clew point (td_out) using the following equation: 

td_jn = O. 005 x d_out  + 0. 172 X td-out  + 19. 870 
Equation 83 

The baseline assumes door heats are running on 8,760 operation. In the posi-retrofit casb, the 
duty for each hourly reading js calculated by assuming a linear relationship between indoor DP 
and duty cycle for each bin reading. It is assumed that the door heaters will be all off,(duty cycle 
of 0%) at 42.89°F DP end all on (duty cycle of 100%) at 52.87°F for a 4/pica! supermdrket. 
Between these values, the door heaters duty cycle changes proportionally: 

Door Heater ON%`-= 

td_in — All OFF setpt (42. 89°F) 

All ON setpt (52. 87°F) — All OFF setpt (42. 89°F) 
- Equation 84 

The controller'only changes the run-time of the heaters so the instantaneous door heater power 
(k\NA,SH) as a resistive load remains constant per linear foot of door heater at: 

For mediurn temperature 

kWAsh =0.109 per door or 0.0436 per linear foot of door'2,153  

For low temperature 

kWAsh = 0.191 'per door or 0.0764 per linear foot of door154,155  
, 

Equation 
85 

152  (Pennsylvania TRM) State of Wisconsin, Public Service Commission of Wisconsin, Focus on Energy 
Evaluation, Business Programs Deemed Savings Manual, March 22, 2010. 

153  Three door heater configurations are presented: Standard, low-heat, and no-heat. The standard 
,configuration was chosen on the assumption that low-heat and no-heat door cašes will be screened 
from participation. 

154  (Pennsylvania TRM) State of Wisconsin, Public Service Commission of Wisconsin,-Focus on Energy 
Evaluation, Business Programs Deemed Savings Manual, March 22, 2010. 

155  Three door heater configurations are presented: Standard, low-heat, and no-heat. The standard 
configuration was Chosen on the assumption that low-heat and no-heat door cases will be screened 
from participation. 
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3413 Btu 

= O. 35 x kW AsH  x 	hr  
Btu

x Door Heater ON% 
12000 ton 

Door heater energy consumption for each hour of the year is a product of power and run-time: 

kWkASH—Hourly = kW ASH X Door Heater ON% x 1Hour 
Equation 86 

kWkASH IkWkASH—Hourty 

Equation 87 

To calculate energy savings from the reduced refrigeration load using average system efficiency 
and assuming that 35% of the anti-sweat heat becomes a load on the refrigeration systern155, 
the cooling load contribution from door heaters can be given by: 

QASH(ton — hrs) 

Equation 88 

The compressor power requirements are based on calculated cooling load and energy-
efficiency ratios obtained from manufacturers data. The compressor analysis is limited to the 
cooling load imposed by the door heaters, not the total cooling load of the refrigeration system. 

For medium temperature refrigerated cases, the saturated condensing temperature (SCT) is 
calculated as the design dry-bulb temperature plus 15 degrees. For low temperature 
refrigerated cases, the SCT is the design dry-bulb temperature plus 10 degrees. The EER for 
both medium- and low-temperature applications is a function of SCT and part load ratio (PLR) of 
the compressor. PLR is the ratio of total cooling load to compressor capacity, and is assumed to 
be a constant 0.87157. 

For medium temperature compressors, the following equation is used to determine the EERNIT 
[Btu/hr/watts]. These values are shown in Table 2-93. 

EERMT  = a + (h x SCT) + (c x PLR) + (d x SCT 2)+ (e x PLR2 ) 
+ (f x SCT x PLR) + (g x SCT3) + (h x PLR3) 
+ 	x SCT x PLR2)+ x SCT2  x PLR) 

Equation 89 

Where: 

a 	 = 	3.75346018700468 

-0. 049642253137389 

156  A Study of Energy Efficient Solutions for Anti-Sweat Heaters. Southern California Edison RTTC. 
December 1999. 

157  Work Paper PGEREF108: Anti-Sweat Heat (ASH) Controls. Pacific Gas & Electric Company. May 
29,2009. 
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29.4589834935596 

0.000341066982768282 

=11.7705583766926 

-0.212941092717051 

-1.46606221890819 x 10-6  

6.80170133906075 

- -0.020187240339536 

j= 	0.000657941213335828 " * 

PLR 	= 	1/1.15 = 0.87 

, 
SCT 	= 	ambient design temperature+ 15 

For low temperature compressors, the following equation is used to determine the EERLT 
[Btu/hr/watts]: 

EERLT  = a + (b x SCT) + (c x PLR) + (d x SCT2) (e x PLR2) 
+ (f x SCT x PLR) + (g x SCT3) + (h x PLR3) 
+ (iXSCT PLR2) +(JXSCT2  x PLR) 

Equation 90 

Where: 

a 

.= 

9.86650982829017 

-0.230356886617629 

22.905553824974 

0.00218892905109218 

-2.48866737934442 

-0.248051519588758 

-7.57495453950879 x 1 0-6  

2.03606248623924 .  

-0.0214774331896676 

0.00b938305518020252- 

PLR 	= 	1/1.15 = 0.876956521739 
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SCT 
	

ambient design temperature+10 

Table 2-93: Values Based on Climate Zone City 

Climate Zone 
Summer Design

8 
 , 

Dry Bulb Temp' 
SCTivir SCTLT EERNFT  EERLT  

Amarillo 96 111 106 6.44 4.98 

Dallas-Ft. Worth 100 115 110 6.05 4.67 

El Paso 101 116 111 5.95 4.59 

Houston 96 111 106 6.44 4.98 

McAllen 100 115 110 6.05 4.67 

Energy used by the compressor to remove heat imposed by the door heaters for each hourly 
reading is determined based on calculated cooling load and EER, as outlined below: 

12 
kWhrefrig-hourty = QASH X  EER 

Equation 91 

kWhrefrig — IkWhrefrig-Hourty 

Equation 92 

Total annual energy consumption (direct door heaters and indirect refrigeration) is the sum of all 
hourly reading values: 

kWhtotal = kWhre frig  kWhAsH 
Equation 93 

Total energy savings is a result of the baseline and post-retrofit case: 

Annual Energy Savings [kWh] = kWh. - --.otal—baseline + kWhtotai—post 
Equation 94 

While there might be instantaneous demand savings as a result of the cycling of the door 
heaters, peak demand savings will only be due to the reduced refrigeration load. Peak demand 
savings is calculated by the following equation: 

Peak Demand Savings 
kWhrefrig—baseline kWhrefrig—post 

8760 
Equation 95 

Deemed Energy and Demand Savings Tables  

The energy and demand savings of Anti-Sweat Door Heater Controls are deemed values based 
on city and refrigeration temperature. The following table provides these deemed values. 

158  ASHRAE Climatic Region Data, 0.5% (°F). 
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Annual Energy 
Savings [kWh/ft] 

Peak Demand 
Savings [kW/ft] 

668 

330 

251 

0.015 

0.011' 

0.016 

0.007 

0.006 

Low Temperature 

Table 2-94: Deemed Energy and Demandsavings Values by Location and Refrigeration 
Temperature in kWh per Linear Foot of Display Case 

Medium Temperature 
Pre-Rinse Spray 

Valve Electric 
Savings 

Amarillo 

Annual Energy 
Savings 
[kWh/ft] 

Peak Demand 
Savings [kW/ft] 

364 0.007 

Dallas 249 0.005 

El Paso 405 0.008 

Houston 16o 0.003 

ycAllen 137 0.003 

13. 

Measure Life and Lifetime Savings 

The EUL has been defined for this measure as 12 years per the PUCT approved Texas EUL filing 
(Docket No. 36779). It is also consistent with the DEER 2014 EUL update (EUL ID - GrocDisp-
FixtDrGask). 

Program Tracking Data & tvaluation Requirements 

The following primary inputs and contextual data should be specified and tracked within the 
program database to inform the evaluation and apply the saVings properly. 

4. 
• Regional Climate Zone 

• Refrigeration Temperature 

Referencés and Efficiency Standards  

Petitions and Rulings 

• PUCT Docket 40669 — Provides energy and demand savings and measure 
specifications. Attachment A: 
http://interchanpe.puc.state.tx.us/WebApp/Interchanpe/Documents/40669  3 735684.pdf 
. Accessed 08/08/2013. 
http://interchanqe.puc.state.tx.us/WebApp/Interchanoe/Documents/40669  7 736775.pdf 
. Accessed 08/08/2013. 

• PUCT Docket 36779 — Provides EUL for Anti-Sweat Heater Controls 

Relevant Standards and Reference Sources 

• DEER 2014 EUL update 
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Document Revision History 
Table 2-95: Nonresidential Door Heater Controls History 

TRM Version 	Date 	 Description of Change 

	

v1.0 	11/25/2013 	TRM v1.0 origin 

	

v2.0 	04/18/2014 	
In the energy savings equation used to determine the EER, 
rounded off the regression coefficients to 4 or 5 significant figures. 

Correction to state that savings are on a per-linear foot of display 

	

v2.1 	01/30/2015 
case. 

	

v3.0 	04/10/2015 	No revisions 

Update Deemed kWash for Medium temperature cases and add 

	

v4.0 	10/10/2016 	kWash for Low temperature cases. Added more significant digits to 
the input variables a-j for Equation 89 and Equation 90. 
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2.5.2 ECM Evaporator Fan Motor Measure Overview 

TRM Measure ID: 14R-RF-FM 

Market Sector: Commercial 

Measure Category: Refrigeration 

Applicable Building types: Any commercial retail facility such as supermarkets, 
grocery stores, hotels, restaurants and convenienca stores 

FUels Affected: Electricity 

Decision/Action Type: Retrofit 

Program Delivery Type: Rrescriptive 

Deemed Savings Type: Deemed Savings Calculation 
`r 

Savings Methodology: Algorithm 

Measure Description 

This document presents the deemed savings methodology for the installation of an 
Electroniqally Commutated Motor (ECM) in cooler and freezer display cases replacing existing 
evaporator fan motors. ECMs can reduce fan energy use uplo approxiMately 65%, and can 
also provide higher efficiency, automatic variable-speed drive, lower motor operating 
temperatures, and less maintenance. 

Eligibility Criteria 

All ECMs must constitute suitable, size-for-size i:eplacements of evaporator fan motors. 

Baseline Condition 

.Baseline efficiency case is an existing shaded pole evaporator fan motor in a refrigerated case. 

High-Efficiency Condition 

Eligible high efficiency equipment' is an electronically commutated motor which replaces an 
existing evaporator fan motor. 

Energy and Demand Savings Methodology 

Savings Algorithms and input Variables 

The energy savings from the installation of ECMs are a result of savings due to the increased 
efficiency of the fan, and reduction .of heat produced from the reduction of fan operation. Tlie 
energy and demand savings are calculated using the following equations: 
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Cooler 

Demand[kW] = N x AkW peak per unit 

Equation 96 

AkW peak per unit 

= (HT  base W ee)/1000 X LF x DC EvapCool 

X (1_ 	1 
I) 	

) 
la ° cooler 

	

Energy[kWh] = N x 	k- 6kW - - --per unit 

AkWhper unit = AkW peak per unit X Hours X (1 — %OFF) 

Equation 97 

Equation 98 

Equation 99 

Freezer 

Demand[kW] = N x AkW — peak per unit 

Equation 100 

AkW peak per unit 

= ( 41  base — W  ee) /1000 X LF x DCEvappreeze 

X (1
LuP freezer 
e. 	1 	) 

Energy[kWh] = N x --per unit 

AkWh per unit — — AkW peak per unit X Hours x (1— %OFF) 

Equation 101 

Equation 102 

Equation 103 
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Where: 

Number of Motors replaced. 

Wbase 	 = 	Input' wattage of existing/b6seline evaporator fan motor 

Wee 	 = 	input wattage of new energy efficient evaporator fan motor 

LF 	 = 	Load factor of evaporator fan motor 

DCEva-pcod 	= 	Duty cycle of evaporator fan motor for cobler 

DCEvapFreeze 	Dirty cycle of evaporatbr fan motor for freezer 

COP cooler 	= 	Coefficient of performance of compressor in the cooler 

COPfreezer 	= 	Coefficierit of performance of compressor in the freezer 

Hour's 	= 	the annual operating houreare assumed to be 8,760 for cases 
and 8,273 for walk-ins 

%OFF 	= 	The Pèrcentage-  of time that the evaporatoefan motcirs'are off. lf 
the facility does not have evaporator fan controls %OFF = 0, if the 
facility has evaporator fan controls %OFF = 46%. 
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Table 2-96: Deemed Variables for Energy and Demand Savings Calculations 

Variable 	 Deemed Values 

Wbase 
	 See Table 2-97 

Wee 	 See Table 2-97 

LF159 	 0.9 

DCEvapCoo1160 	 100% 

OCEvapFreeze161 	 94.4% 

COPcooler 	 See Table 2-98 

COPfreezer 	 See Table 2-98 

Hours162 	 8760 or 8273163  

%OFF 
	

0 or 46% 

Table 2-97: Motor Sizes, Efficiencies and input Watts164  

Motor Eff. & Power Table 

Nominal 
Motor Size 

Motor 
Output (W) 

Shaded 
Pole Eff 

- 	- 
Shaded 

Pole Input 
(W) 

PSC Eff 
PSC 
Input 
(W) 

ECM 
,„ 

'11" 

ECM 
Input 
(W) 

(1-14W) 9 18% 50 41% 22 66% 14 

1/40 HP 
(16-23W) 19.5 21% 93 41% 48 66% 30 

1/20 HP 
(37W) 37 26% 142 41% 90 66% 56 

1/15 HP 
(49W) 49.0 26% 188 41% 120 66% 74 

1/4 HP 186.5 33% 559 41% 455 66% 283 

1/3 HP 248.7 35% 714 41% 607 66% 377 

169  "ActOnEnergy; Business Program-Program Year 2, June, 2009 through May, 2010. Technical 
Reference Manual, No. 2009-01." Published 12/15/2009 

160 "Efficiency Maine; Commercial Technical Reference User Manual No. 2007-1. Published 3/5/07. 
161 lipid 

162  The value is an estimate by National Resource Management (NRM) based on extensive analysis of 
hourly use data. These values are also supported by Select Energy (2004). Cooler Control Measure 
Impact Spreadsheet User's Manual. Prepared for NSTAR. 

163  Efficiency Vermont, Technical Reference Manual 2009-54, 12/08. Hours of operation accounts for 
defrosting periods where motor is not operating. 
http://www.greenmountainpower.com/upload/photos/371TRM  User Manual No 2013-82-5- 

protected.pdf 
164  The first four rows are from the Pennsylvania TRM and the last two rows are estimated using 

logarithmic linear regression of smaller motor efficiencies. 
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Table 2-98: Compressor Coefficient of Performance Based on Climate and Refrigeration Type 
(COPcooler or COPfreezer) 

Representative 
Climate City 

Summer Design Dry Bulb Temperature, 
ASHRAE Fundamentals 2009 COPcooler COPfreezer 

Amarillo 96 1.88 1.46 

Fort Worth 100 1.77 1.37 

El Paso 101 1.74 1.35 

Houston 96 1.89 1.46 

McAllen 100 1.77 1.37 

Deemed Energy and Demand Savings Tables 

The energy and demand savings of ECMs are calculated using a deemed algorithm, based on 
city, refrigeration temperature, and whether or not the motors have controls. Evaporator fan 
nameplate data is also required; r:ated power and efficiency. 

Measure Life and 'Lifetime Savings 
The EUL has been defined for this measure as 15 years as defined by the DEER 2014 EUL 
update (EUL ID - GrocDisp-FEvapFanMtr & GroallkIn-WEvapFanMtr). 

Program Tracking Data & Evaluation Requirements  

The following primary inputs and contextual data should be specified and tracked within the 
program database to inform the evaluation and apply the savings properly. 

• Regional Climate Zone 

• BUilding Type 

• Motor Efficiency 

• Motor Power Rating 

• Evaporator Fan Control Type 

• Refrigeration Temperature 

References and Efficiency Standards  

Petitions and Rulings 

• PUCT' Docket 40669 — Provides energy and demand savings 'and measure 
specifications 

• Relevant Standards and Reference Sources 

• DEER 2014 EUL update 
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Document Revision History 

Table 2-99: Nonresidential ECM Evaporator Fan Motors History 

TRM Version Date Description of Change 

v1.0 11/25/2013 TRM v1.0 origin 

v2.0 04/18/2014 No revisions 

v3.0 04/10/2015 No revisions 

v4.0 10/10/2016 Updated the methodology with cooler and freezer values. 
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2.5.3 Electronic Defrost Controls Measure Overview 

TRM Measure ID: NR-RF-DF 

Market Sector: Commercial 

Measure Category: Refrigeration 

Applicable Building Type: Any comMercial retail facility such as supermarkets, 
grocery stores, hotels, restaurants and convenience stores 

Fuels Affected: Electricity 

Decision/Action Type: Retrofit 

Program Delivery Type: Prescriptive 

Deemed Savings Type: Deemed Savings Calculation 

Savings Methodology: Algorithm, Engineering estimates 

Measure Description 

This document presents the deemed savings methodology for the installation'of electronic 
defrost controls. The controls sense whether or not a defrost cycle is required in a refrigerated 
case, and skips it if it is unnecessary. 

Eligibility Criteria 

N/A 

Baseline Condition 

The baseline efficiency case.is  an evaporator fan defrost system that uses a time clock 
mechanism to initiate electronic resistance defrost. 

High-Efficiency Condition 

Eligible high efficiency equipment is an evaporator fan defrost system with eledtronic defrost 
controls. 

Energy and Demand Savings Methodology 

Savings Algorithms andinput Variables 

The energy savings from the installation of electronic defrost controls are a result of savings due 
to the increase in operating efficiency and the reduced heat from a reduction in number of 
defrosts. The energy and demand savings are calculated using the following equations: 
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Peak Demand [kIN] = 
Hours 

AkWh 

Energy [kWh] = LikWhdefrost + LlkWhheat 

dkWhdefrost = kW — defrost X DRF x Hours 

tlkWhdefrost dkWhheat = 	 X 0.28 x Eff 

Equation 104 

Equation 105 

Equation 106 

Where: 

Lik Whde frost 

Ak Wh heat 

Equation 107 

Energy savings resulting from an increase in operating efficiency 
due to the addition of electronic defrost controls 

Energy savings due to the reduced heat from reduced number of 
defrosts 

kWdefrost 	= 	Load of electric defrost 

Hours 

DRF 

0.28 

Eff 

Number of hours defrost occurs over a year without defrost 
controls 

Defrost reduction factor— percent reduction in defrosts required 
per year 

Conversion of kW to tons; 3,413 Btuh/kW divided by 12,000 
Btuh/ton 

Estimated efficiency based on climate & refrigeration type 
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Table 2-100: Deemed Variables for Energy and Demand Savings Calculations - 

Variable 

DRF165 

_ 
Deemed Values 

35% 

Effm-r166  

Amarillo: 1.86 

Dallas-Ft. Worth: 1.98 

El Paso: 2.02 	. . 	. 
HoustOn: 1.86 

McAllen: 1.98 

. 

Effp-166  

'Amarillo: 2.41 

Dallas-Ft. Worth: 2.57 	 , 

El Paso: 2.61 	, 	 . 
Houston: 2.41 

McAlleh: 2.57 

Deemed Energy and Demand Savings Tables 

N/A 

Measure Life and Lifetime Savings 

The EUL has been defined for this measure as 10 years.167  

Program Tracking Data & Evaluation Requirements  

The following primary inputs and contextual data should be specified and tratked within the 
program database to inform the evaluation and apply the savings properly. 

• Hours that defrost occurs over a year without defrost controls 

• Load of electric defrost 

• Refrigeration Temperature (Low Temperature or Medium Temperature) 

• Climate Zone'(Amarillo, Dallas-Fort Worth, El Paso, Houston, or McAllen) 

165  Energy & Resource Solutions (2005). Measure Life Study. Prepared fOr The Massachusetts Joint 
Utilities; supported by 3rd party evaluation: Independent Testing was performed by lntertek Testing 
Service on a Walk-in Freezer that was retrofitted with Smart Electric Defrost capability. 

166  Southern California Edison, Anti-Sweat Heat (ASH) Controls Work Paper WPSCNRRN009 (rev.o.2007). 
167  Energy & Resource Solutions (2005). Measure Life Study. Prepared for The Massachusetts Joint 

Utilities. 
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References and Efficiency Standards  

Petitions and Rulings 

• PUCT Docket No. 40669 provides energy and demand savings and measure 
specifications 

Relevant Standards and Reference Sources 

N/A 

Document Revision History 
Table 2-101: Nonresidential Electronic Defrost Controls History 

TRM Version Date Description of Change 

v1.0 11/25/2013 TRM v1.0 origin 

v2.0 04/18/2014 No revisions 

v3.0 04/10/2015 No revisions 

v4.0 10/10/2016 No revisions 
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2.5.4 Evaporator Fan Controls MeasumOverview 

IRPA Measure ID: NR-RF-FC 

Market Sector: Commercial 

Measure Category: Refrigeration 

ApOlicable Building Types: Any commercial retail facility such as supermarkets, 
grocery stores, hotels, restaurants and convenience stores 

Fuels Affected: Electricity 

Decišion/Action Type: Retrofit 

Program Delivery Type: Prescriptive 

Deemed Savings Type: Deemed Savings Calculation 

Savings Methodology: Algorithm 

Measure Description 

This document presents the deemed savings methodology for the installation of evaporator fan 
controls. As walk-in cooler and freezer evaporators often run continuously, this measure 
consists of a control system that turns the fan on only when the unit's thermostat is calling for 
the compressor to operate. 	, 

Eligibility,Criteria 

N/A 

Baseline Condition 

Baseline efficiency case is an existing shaded pole evaporator fan motor with no temperature 
controls, running 8,760 annual hours. 

High-Efficiency Condition 

Eligible high efficiency equipMent Will be regarded as an energy management system (EMS) or 
other electronic controls to modulate evaporator fan operation based on temperature of the 
refrigerated space. 

Energy and Demand Saving's Methodeilogy 

Savings Algorithms and input Variables 

The energy savings from the installation of evaporator fan controls are a result of savings due to 
the reduction in operation of the fan. The energy and demand savings are calculated using the 
following equations: 

L 
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Energy [kWh] = dkW x 8760 
Equation 108 

Peak Demand [kW] = 

((kWevap X nfans) — kW ci„) x (1 —  DC„mp ) X DCevap  X BF 
Equation 109 

Where: 

kWevap 

kiNcirc 

Mans 

DCcomp 

DCevap 

BF 

Connected load kW of each evaporator fan 

Connected load kW of the circulating fan 

Number of evaporator fans 

Duty cycle of the compressor 

Duty cycle of the evaporator fan 

Bonus factor for reducing cooling load from replacing the 
evaporator fan with a lower wattage circulating fan when the 
compressor is not running 

8760 	 Annual hours per year 
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Table 2-102: Deemed Variables for Energy and Demand Savings Calculations 

Variable 	 Deemed Values 

kWevap168  0.123 kW 

kWeirc169  0.035 kW 

DCcomp178  50% 

DCevap171  
Cooler: 100% 

Freezer: 94% 

BF172  

Low Temp: 1.5 

Medium Ternp: 1.3 

High Temp: 1.2 

Deemed Energy and Demand Savings Tables 

N/A 

Measure Life and Lifetime Savings. 

The EUL has been defined for this measuie as 16 years per the PUCT approved Texas EUL 
filing (Docket No. 36779). This is consistent with the DEER 2014 EUL update (EUL ID 
GrocWIkIn-WEvapFMtrCtrI). 

Program Tracking Data & Evaluation Requirements  

The following primary inputs and contextual data should be specified and tracked within the 
program database to inform the evaluation and apply the savings properly.- 

• Number of evaporator fans controlled 

• Refrigerati9n Type 

• Refrigeration Temperature 

168  Based on an a weighted average of 80% shaded pole motors at 132 watts and 20% PSC motors at 88 
watts. 

169  Wattage of fan used by Freeaire-and Cooltrol. 
170 A 50% duty cycle is assumed based on examination of duty cycle assumptions from Richard Traverse 

(35%-65%), Control (35%-65%), Natural Cool (70%), Pacific Gas & Electric (58%). Also, 
manufacturers typically size equipment with a built-in 67% duty factor and contractors typically add 
another 25% safety factor, which results in a 50% overall duty factor. 

171  An evaporator fan in a cooler runs all the time, but a freezer only runs 8273 hours per year due to 
defrost cycles (4 20-min defrost cycles per day). 

172  Bonus factor ( 1+ 1/COP) asšumes 2.0 COP for low temp,,3.5 COP for medium'temp, and 5.4 COP for 
high temp, based on the average of standard reciprocating and discus compressor efficiencies with 
Saturated Suction Temperatures of -20°F, 20°F, and 45°F, respectively, and a condensing 
temperature of 90°F. 
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References and Efficiency Standards  

Petitions and Rulings 

• PUCT Docket No. 40669 provides energy and demand savings and measure 
specifications 

• PUCT Docket No. 36779 provides approved EUL for Evaporator Fan Controls 

Relevant Standards and Reference Sources 

• DEER 2014 EUL update 

Document Revision History 
Table 2-103: Nonresidential Evaporator Fan Controls History 

TRM Version Date Description of Change 

v1.0 11/25/2013 TRM v1.0 origin 

v2.0 04/18/2014 No revisions 

v3.0 04/10/2015 No revisions 

v4.0 10/10/2016 No revisions 

2-165 
Nonresidential: Refrigeration 	 Texas Technical Reference Manual, VOL 3 
Evaporator Fan Controls 	 November 1, 2016 



2.55r Night Covers for Open Refrigerated Display Cases Measure Overview.  

TRM Measure ID: NR-RF-RC 

Market Sector: Commercial 

Measure Category: Refrigeration 

Applicable Building Types: Any commercial retail facility such as supermarkets, 
grocery stores, hotels, restaurants and convenience stores 

Fuels Affected: Electricity 

Decision/Action Type: Retrofit 

Program Delivery Type: Prescriptive 

Deemed Savings Type: Deemed Savings Value (per linear ft of case) 

Savings Methodology: Look=upjables 

Measure Description 

This docurnent presents the deemed savirts methodology for the installation of night covers on 
otherwise Open vertical (multi-deck) and horizontal (or coffin-type) low-temperature and 
medjum-temperature display cases to dedrease cooling load of the case during the night. It is 

. recommended that these film-type covers have small, perforated holes to decrease the build-up 
of moisture. 

Eligibili,ty Criteria 

Any suitable material sold ds a night cbver. 

Baseline 

Baseline efficiency case is an open low-temperature,or medium-temperature refrigerated 
display case (vertical or horizontal) that is not equipped with a night cover. 

High-Efficiency Condition 

Eliible high efficiency equipment is considered any suitable material sold aš a night cover. The 
cover must be applied for a.period of at least 6 hours per night. Vertical strip curtains may be in 
use 24 hours per day. 

Energy and Demand Savings Methodology 

Savings Algorithms and input Variables 

The following outlines the assumptions and approach used to estimate demand and energy 
savings due to installation of night covers On open low- and medium-temperature, vertical and 
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horizontal, display cases. Heat transfer components of the display case include infiltration 
(convection), transmission (conduction), and radiation. This work paper assumes that installing 
night covers on open display cases will only reduce the infiltration load on the case. Infiltration 
affects cooling load in the following ways: 

• Infiltration accounts for approximately 80% of the total cooling load of open vertical (or 
multi-deck) display cases.173  

• Infiltration accounts for approximately 24% of the total cooling load of open horizontal 
(coffin or tub style) display cases.173  

Installing night covers for a period of 6 hours per night can reduce the cooling load due to 
infiltration by: 

• 8% on vertical cases173  

• 50% on horizontal cases174  

The energy savings due to the reduced infiltration load when night covers are installed will vary 
based on outdoor temperature and climate zone. As a result the energy savings must be 
determined for each climate zone and typical outdoor temperatures when the covers are applied. 

Once the infiltration load for each type of case was determined, the following steps were 
followed to determine the compressor power requirements and energy savings. It is important to 
reiterate that heat transfer in display cases occurs due to convection, conduction, and radiation. 
The analysis presented here is limited to the cooling load imposed by convection (infiltration) 
only and not the total cooling load of a particulate display case. 

a. In the base case it is assumed that no night covers are installed on the cases and 
the infiltration cooling load for each bin can be given by: 

Q baselinelnf iltrationtt071 — hours] 
Qbaselinelnf ittration[Btuh] x Bin— hours 

12, 000 Btu] 

Equation 110 

The compressor power requirements are based on calculated cooling load and 
energy-efficiency ratios (EER) obtained from manufacturers data. 

b. Determine the saturated condensing temperature (SCT) 

For Medium Temperature (MT): SCT = DBadj  + 15 
Equation 111 

173  ASHRAE 2006. Refrigeration Handbook. Retail Food Store Refrigeration and Equipment. Atlanta, 
Georgia. p. 46.1, p. 46.5, p. 46.10. 

174  2004-2005 Database for Energy Efficiency Resources (DEER) Update Study. 2005. Run ID D03- 205. 
The EM&V team, Inc. p. 7-74 and 7-75. DEER. 
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For Low Temperature (LT): seT = 'mad;  + 10 

Equation 112 

Where: 

DBacif = 	Design dry-bulb temperature (°F), based on climate zone, of 
arnbient or space where the compressor/condensing units 

'reside. Table 2-104 below lists design dry-bulb temperatures 
by climate zone. 

Table 2-104: Various Climate Zone Design Dry Bulb Temperatures and Representative Cities , 
, 

Summer Design Dry Bulb Temperature, 
Representative Climate Zone 

ASHRAE Climatic Region Data, 0.5% (°F)175  

Amarillo, TX . 	 96 

Dallas-Ft. Worth, TX 100 

El Paso, TX 101 

Houston, TX 	 . 96 

McAllen; TX _100 

c. Determine the EER for both MT and LT applications 

d. Compressor performance curves were obtained from a review of manufacturer 
data for reciprocating compressors as a function of SCT, cooling load, and cooling 
capacity of compressor.176  

e. Part-load ratio (PLR) is the ratio of total cooling load (from Cooling Load 
Calculation Section) t6 compressor capacity. It indicates the percentage of 
compressor capacity needed to remove the total cobling load. It is calculated by 
the following equation: 

Q cooling  PLR = 
capacity 

Equation 113 

Where: 

PLR 
	

Part Load Ratio 

Qcooling 
	 Cooling Loid 

61, 

175  ASHRAE 2009 Handbook Fundamentals. 	 . 
176  Southern Californii Edison, Anti-Siveat Heat (ASH) Controls Work Paper WPSCNRRN009 (rev.0.2007). 
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Qcapacity 
	 Total Compressor Capacity"' 

Qcapacity = (hooting X 1.15 

1 

PLR  = 	= 87  

To simplify the analysis, it is assumed that PLR remains constant for the post-retrofit condition. 

f. 	The energy efficiency ratio (EER) is a measure of how efficient a cooling system 
operates at a particular temperature. It is defined as the ratio of useful energy 
transfer to the work input. For refrigeration systems it is the ratio of heat removed 
by the compressor (Btu/h) to the input power (Watts). The higher the EER the 
greater the efficiency of the system. 

For medium temperature compressors, the following equation is used to 
determine the EERNIT (Btu/hr/watts). The equation uses SCT (from step 2), and a 
PLR of 0.87 (from step 3b). 

EERNIT  = a + (b SCT) + (c x PLR) + (clx SCT2 ) + (e PLR2 ) 

Where: 

+ (f x SCT x PLR) + (g x 5CT3) + (h x PLR3 ) 
+ (i x SCT x PLR2) + (j x SCT 2  x PLR) 

Equation 114 

a = 3.75346018700468 

b = -0.049642253137389 

c = 29.4589834935596 

d = 0.000342066982768282 

e = -11.7705583766926 

f = -0.212941092717051 

g = -1.46606221890819 x 10-6  

h = 6.80170133906075 

i = -0.020187240339536 

j = 0.000657941213335828 

g. For low temperature compressors, the following equation is used to determine the 
EERLT  (Btu/hr/watts). The equation uses SCT (from step 2), and a PLR of 0.87 
(from step 3b). 

177  Compressor capacity is determined by multiplying baseline cooling load by a compressor over-sizing 
factor of 15%. 
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EERLT  = a + (b x SCT) + (c x PLR) + (d x SCT2 )+ (e x PLR2 ) \+,(f x SCT x PLR) 
+ 

Where: 

x SCT3) +,(h x PLR3.) + (i X SeT x PLR2)+ 0 X SCT2  x PLR) 

Equation 115 

a 9.86650982829017 

-0.230356886617629 

c = 22.905553824974 

•cl,. = 0.0d218892905109218 , 

e = -2.48866737934442 

f = -0.248051519588758 

g = -7.57495453950879 x 1 o-6  

h 	- = 2.03606248623924 

i = -0.0214774331896676 

j = 0.00938305518020252 ' 

h. Convert EER to kW/ton 

lin,  .12 
ton —  EER 

Equation 116 

i. Energy used by the compress& to remove heat imposed due to infiltration in the 
base case for each bin*reading is determined based on the calculated cooling.load 
and EER,'as outlined below. 

kWhbaseline-refrig-bin 
kW 

= Qbaseline-infiltration[ton hours] x
•ton 
	f,„ 

Equation 117 

j. Total annual baseline refrigeration energy consumption is the sum of all bin 
values. 

kWhbaseline'-refrig = IkWhbaseline-refrig-bin 

Equation 118 
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In the post retrofit case, it is assumed that night covers are installed on the cases 
during the nights from midnight to 6:00 AM. During the day the cases are uncovered 
and the total cooling load for each bin can be given by: 

Q post-retro f it[ton — hours] 

Q baseline-inf titration  [B tuft] x Daytimebin_hrs  

12, 000 illtuhl ton J 
(Q baseline-infiltration [Btuh] — Q reduced-mf iltration  [Btu/1]) x Nighttimebi 

12, 000 
rBtuhl  

ton 
Equation 119 

Steps 2 through 7 are repeated in the post-retrofit case to calculate the post retrofit energy and 
demand usage. 

k. The energy savings were determined as the difference between the baseline 
energy use and post-retrofit energy use: 

AkWhtotal kW htotalBaseline kW htotalPostRetrof it 
Equation 120 

Deemed Energy and Demand Savings Tables 

The energy and demand savings of Night Covers are based on PG&E Night Covers Work 
Paper. PG&E modeled the infiltration load of refrigerator cases without night covers and 
refrigerators with night covers to derive the energy savings. The PG&E report estimated savings 
for several climate zones. The climate zone (Amarillo, TX) was chosen to represent the entire 
state.178  The deemed energy and demand savings are shown below. 

Table 2-105: Modeled Deemed Savings for Night Covers for Texas (per Linear Foot) 

Measure 
Energy Savings 

[kWh/ft] 
Demand Savings 

[kW/ft] 

Night Covers on Vertical Low Temp Cases 45 0 

Night Covers on Horizontal Low Temp Cases 23 o 

Night Covers on Vertical Medium Temp Cases 35 0 

Night Covers on Horizontal Medium Temp Cases 17 0 

Measure Life and Lifetime Savings 
The EUL has been defined for this measure as 5 years in the DEER 2014 EUL update (EUL ID - 
GrocDisp-DispCvrs). 

178  PUCT Docket No. 40669, page A-2 states that Amarillo, Texas was chosen as a conservative climate 
zone due to little variation between climate zones. This statement has not been expanded upon. 
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TRM Version 

v1.0 

Program Tracking Data & Evaluation Requirements  

The following primary inputs and contextual data shoulil be specified and tracked within the 
program database to inform the evaluation and apply the savingš properly. 

• Display case type 

• Refrigeration Temperature 

References and Efficiency Standards 

Petitions and Rulings 

• PUCT Docket 40669 provides energy and demand savings and nieasure specifications 

Relevant Standards and Reference Sources 
	LI 

• DEER 2014 EUL update 

Document Revision History 

Table 2-106: Nonresidential Night Covers for Open Refrigerated Display Cases History 

Date 
	

Description of Change 

11/25/2013 TRM v1.0 origin 

v2.0 04/18/2014 
Removbd all references to Peak Demand Savings bs this measure is 
implemented outside of the peak demand period. Also rounded off 
savings to a reasonable number of significant digits. 

v3.0 04/10/2015 No revisions,.  

v4.0 
	

10/10/2016 Added more significant digits to the input variables a-j for Equation 114 
and Equation 115. 
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2.5.6 Solid and Glass Door Reach-lns Measure Overview 

TRM Measure ID: NR-RF-RI 

Market Sector: Commercial 

Measure Category: Refrigeration 

Applicable Building Types: Any commercial retail facility such as supermarkets, 
grocery stores, hotels, restaurants and convenience stores 

Fuels Affected: Electricity 

Decision/Action Type: Retrofit & New Construction 

Program Delivery Type: Prescriptive 

Deemed Savings Type: Deemed Savings Calculation 

Savings Methodology: Algorithm 

Measure Description 

This document presents the deemed savings methodology for the installation of ENERGY 
STAR® or CEE certified Solid & Glass Reach-in doors for refrigerators and freezers, which are 
significantly more efficient. The high-efficiency criteria, developed by ENERGY STAR® and the 
Consortium for Energy Efficiency (CEE), relate the volume of the appliance to its daily energy 
consumption. These reach-in cases have better insulation and higher-efficiency than save 
energy, over regular refrigerators and freezers. The unit of measurement is volume in cubic feet 
of the unit. These four most common sized refrigerators and freezers are reported here. 

Eligibility Criteria 

Sold- or glass-door reach-in refrigerators and freezers must meet CEE or ENERGY STAR® 
minimum efficiency requirements (See Table 2-108). 

Baseline Condition 

Baseline efficiency case is a regular refrigerator or freezer with anti-sweat heaters on doors that 
meets federal standards. The baseline daily kWh for solid door and glass door commercial 
reach-in refrigerators and freezers are shown in Table 2-107. 
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Table 2-107: Baseline Energy' Consumption178,180  

   

Refrigerator Daily 
Consumption [kWh] 

Freezer Daily 
Consumption [kWh] 

 

Baseline Standards 

 

 

0.10V + 2.04 

0:12V + 3.34 

0.40V + 1.38 

075V + 4.10 

     

     

High-Efficiency Condition 

Eligible high efficiency equipment for solid- or glass-door reach-in refrigerators and freezers 
must meet CEE or ENERGY STAR° minimum'efficiency requirements, as shown in Table 2-108 
below: 

Table 2-108: Efficient Energy Consumption181  

Refrigerator Daily 	Freezer Daily 
Efficiency Standards 	Consumption [kWh] 	Consumption [kWh] 

Solid Door 

O<V< 15 0.089V + 1.411 0.250V + 1.250 

15 •\/< 30 0.037V + 2.200 0.400V — 1.000 

30\/< 50 0.056V + 1.635 	, 0.163V + 6.125 

V 	50 0.060V + 1.416 0.158S/ + 6.333 

Glass Door 

O<Ni< 15 0.118V +. 1.382 0.607V + 0.893 

15 ~V<30 	, 0.140V + 1.050 0.733V — 1.000 

30 5. V < 50 0.088V + 2.625 0.250V + 15.500 

V 	50 0.110V + 1.500 0.450V + 3.500 

Energy and Demand Savings Methodology 

Savings Algorithms and input Variables 

The•energy and demand savings of Solid- and .Glass-Door Reach-ln Refrigerators and Freezers 
are calculated using values in Table 2-107 and Table 2-108, based on the volume of the units. 

178  The baseline energy consumption has been estimated by the Foodservice Technology Center (FSTC), 
based on data of energy consumption of baseline commercial refrigerators cómpiled by the California 
Energy Commission. 

180 • • V= Interior volume [ft3] of a refrigerator or freezer (as defined in the Association of Home Appliance 
Manufacturers Standard HRF1-1979). 

181  ENERGY STAR® Program Requirements for Commercial Refrigerators and Freezers Partner 
Commitments Version 2.0, U.S. Environmental Protection Agency. AcCessed on 07/7/10. 
http://www.eneraystar.qov/ia/partners/product  specs/program reas/commèr refriq glass proq req.pdf 
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Peak Demand [kW] = 	 
8760 x  CF  

Equation 121 

Equation 122 

AkWh 

The savings calculations are found below. 

Energy [kWh] = (kW hbase  — kWhee) x 365 

Where: 

kWhbase 

kWhee 

365 

8760 

CF 

Baseline maximum daily energy consumption in kWh, based on 
volume (V) of unit, found in Table 2-107. 

Efficient maximum daily energy consumption in kWh, based on 
volume (V) of unit, found in Table 2-108. 

Chilled or frozen compartment volume [fe] (as defined in the 
Association of Home Appliance Manufacturers Standard HRF-1-
1979) 

Days per year 

Hours per year 

Summer Peak Coincidence Factor (1.0)182  

Deemed Energy and Demand Savings Tables. 

N/A 

Measure Life and Lifetime Savings 

The EUL has been defined for this measure as 12 years, per the PUCT Texas EUL filing 
(Docket No. 36779). This is consistent with the 2008 DEER database183. 

182  The Summer Peak Coincidence Factor is assumed equal to 1.0, since the annual kWh savings is 
divided by the total annual hours (8760), effectively resulting in the average kW reduction during the peak 
period. 

183  DEER 2008, December 2008 Final Report. 
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Program Tracking Data & Evaluation Requirements  • • 
The following primary inputs and contextual data should be specified and tracked within the 
program database to inform the evaluation and apply the savings properly. 

• Baseline Unit Volume 

• Baseline Unit Door Type (Solid or Glass) 

• Basefine'Unit Tempeeature (Refrigerator or Freezer) 

• Post-Retrofit Unit Volume 

• Post-Retrofit Unit Door Type (Solid or Glass) 

• Post-Retrofit Unit Temperature (Refrigerator or Freezer) 

References and Efficiency Standards • 

Petitions and Rulings 

• PUCT Docket 40669 provides energy and demand savings arid tneasu're specifications 

• PUCT Docket 36779 provides EUL- estimates for Commercial Refrigerators and 
Freezers 

Relevant Standards and Reference Sources 

• ENERGY STAR® Commercial Refrigerators & Freezers. 
http://www.energystar.gov/index.cfm?fuseaction=find_aLproduct:showProductGroup&pg  
w code=CRF. Accessed 08/20/2013 

• Association of Home Appliance Manufacturers: HRF-1: Household Refrigerators, 
Combination Refrigerator-Freezers, and Household Freezers 

Document Revision•History 

Table 2-109: Nonresidential Solid and Glass Door Refrigerators and Freezers History 
TRM Version Date Description of Change 

v1.0 11/25/2013 TRM v1.0 origin 

v2.0 04/18/2014 No revisions 

v3.0 04/10/2015 No revisions 

v4.0 10/10/2016 No revisions 
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2.5.7 Strip Curtains for Walk-ln Refrigerated Storage Measure Overview 

TRM Measure ID: NR-RF-SC 

Market Sector: Commercial 

Measure Category: Refrigeration 

Applicable Building Types: Any commercial retail facility such as supermarkets, 
grocery stores, hotels, restaurants and convenience stores 

Fuels Affected: Electricity 

Decision/Action Type: Retrofit & New Construction 

Program Delivery Type: Prescriptive 

Deemed Savings Type: Deemed Savings Value (per door/opening) 

Savings Methodology: M&V analysis 

Measure Description 

This measure refers to the installation of infiltration barriers (strip curtains or plastic swinging 
doors) on walk-in coolers or freezers. These units impede heat transfer from adjacent warm and 
humid spaces into walk-ins when the main door is opened, reducing the cooling load. This 
results in a reduced compressor run-time, reducing energy consumption. This assumes that a 
walk-in door is open 2.5 hours per day every day, and strip curtains cover the entire doorframe. 

Eligibility Criteria 

Strip curtains or plastic swinging doors installed on walk-in coolers or freezers. 

Baseline Condition 

Baseline efficiency case is a refrigerated walk-in space with nothing to impede air flow from the 
refrigerated space to adjacent warm and humid space when the door is opened. 

High-Efficiency Condition 

Eligible high efficiency equipment in a polyethylene strip curtain added to the walk-in cooler or 
freezer. Any suitable material sold as a strip cover for a walk-in unit is eligible as long as it 
covers the entire doorway. 
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Energy and Demand Savings Methodology 

Savings Algorithms:and Input yariabies 

Savings are derived from an M&V study. 

Deemed Energy and Demand Savings Tables 

The energy and dernand savings for strip curtains are based on the assumption that the walk-in 
door is open 2.5 liours per day, every day, and the strip curtain covers the entire doorframe, and 
are shown below in Table 2-110. 

Table 2-110: Deemed Energy and Demand Savings for Freezers and Coolers184  

Measure Life'and Lifetime Savings 

The EUL haš been defined for this measure as 4 years, per the PUCT Texas EUL filing (Docket 
No. 36779) and by the DEER 2014 EUL update (EUL ID - GrocWIkIn-StripCrtn). 

PrograM Tracking Data & Evaluation Requirements  

The following primary inputs and contextual data should be specified and tracked Within the 
program database to inform the evaluation and apply the savings properly. 

• Unit Temperature (Refrigerator or Freezer) 

References and Efficiency Standards  

Petitions and Rulings 

• PUCT Docket 40669 provides energy anCi demand savings and measure specifications 

• PUCT Docket 36779 provides EUL estimates for Commercial Refrigerators and 
Freezers 

Relevant Standards and Reference Sources 

• DEER 264 EUL update 

184  Values based on analysis prepared by ADM for FirstEnergy utilities in Pennsylvania, provided by FirstEnergy 
on June 4th, 2010. Based on a review of deemed savings assumptions and methodologies from Orégon and 
California. 
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Document Revision History 
Table 2-111: Nonresidential Walk-ln Refrigerator and Freezer Strip Curtains History 

TRM Version Date Description of Change 

v1.0 11/25/2013 TRM v1.0 origin 

v2.0 04/18/2014 No revisions 

v3.0 04/10/2015 No revisions 

v4.0 10/10/2016 No revisions 
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2.5.8 Zero Energy Doors for Refrigerated Cases Measure Overview 

TRM Measure ID: NR-RF-ZE 

Market Sector: Commercial 

'Measbre Citegory: Refrigeration 

Applicable Building Types: Ahy commerCial retail, facility such as supermarkets, 
grocery stores, hotels, restaurants and cohvenience kores 

Fuels Affected: Electricity 

Décision/Action Type: Retrofit or
, 
New Constructión 

Program Delivery type: Prešcriptive 

Deemed Savings Tipe: Deemed Savings Values 

Savings Methodology: Enginering estimates 

Measure bescription 

This document presentslhe deemed saVingS methodology for the installation of Zero Energy 
Doors for refrigerated cases. These new zero-energy door designs eliminate the need for anti-
sweat heaters to prevent the formation of condensgtion on the glass surface by incorp&ating 
heat reflective coatings on the glass, gas inserted between the panes, non-metallic spacers to 
separate glass panes, and/or non-metallic frames. 

Eligibility Criteria 

This measure cannot be used in conjunction with anii-sweat heat (ASH) controls. It is not 
eligible to be installed on cases above 0°F. 

Baseline Condition 

Baseline efficiency case is a standard vertical reach-in refrigerated case with anti-sweat heaters 
On the glass surface of the doors. 

High-Efficiency Condition 

Eligible high efficiency equipment is the installation of speciál doors that eliminate the need for 
,anti-sweat heaters, for low-temperature,cases ohly (below 0 °F). Doors must have either heat 
reflective treated glass, be gas-filled, or both. 

4." 
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Energy and Demand Savings Methodology 

Savings Algorithms and Input Variables 

The energy savings from the installation of ZERO ENERGY DOORS are a result from eliminating 
the heater (kWhASH) and the reduction in load on the refrigeration (kWhrefrig). These savings 
are calculated using the following procedures: 

Indoor dew point (td-,n) can be calculated from outdoor dew point (td_out) using the following equation: 

td-in = 0.005379 x d_„t  + 0.171795 x td _„t  + 19.87006 
Equation 123 

The baseline assumes door heats are running on 8,760 operation. In the post-retrofit case, it is 
assumed that the door heaters will be all off (duty cycle of 0%). 

The instantaneous door heater power (kWASH) as a resistive load remains constant is per linear 
foot of door heater at: 

For medium temperature 

kWAsh = 0.109 per door or 0.0436 per linear foot of door 

For low temperature 

kWAsh = 0.191 per door or 0.0764 per linear foot of door 

Door heater energy consumption for each hour of the year is a product of power and run-time: 

kWhASH-Hourly = kWASH x Door Heater ON% x 1Hour 
Equation 124 

kWhAsH = 
	

kWhASH-Hourty 

Equation 125 

To calculate energy savings from the reduced refrigeration load using average system efficiency 
and assuming that 35 percent of the anti-sweat heat becomes a load on the refrigeration 
system185, the cooling load contribution from door heaters can be given by: 

3413 
Btu 
hr  

QASH(tall — hrs) = 0.35 x kWASH  x 
Btu 

x Door Heater ON% 

Equation 126 

185  A Study of Energy Efficient Solutions for Anti-Sweat Heaters. Southern California Edison RTTC. 
December 1999. 
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The comprešsor power requirements are based on calculated cooling load and energy- = 
efficiency ratios obtained from manufacturers data. The compressor analysis is limited to the 
cooling load imposed by the door heaters, not the total cooling load of the refrigeration system. 

For medium temperature refrigerated cases, the saturated condensing temperature (SCT) is 
calculated as the design dry-bulb temperature plus 15 degrees. For low temperature 
refrigerated cases, the SCT is the design dry-bulb temperature plus 10 degrees. The EER for 
both medium- and low-temperature applications is a function of SCT and part load ratio (PLR) of 
the compressor. PLR is the ratio of total cooling load to compressor capacity, and is assumed to 
be a constant 0.87186. 

For &tedium temperature compressors, the following equation is used to determine the 
EERMT [Btu/hr/wafts].;These values are shown in 

Table 2-93: 

EERMT  = a,+ (b x SCT) + (c x PLR) + (d x SCT 2) + (e x PLR2) 
+ (f x SCT x PLR) + (g SCT 3) + (hx PLR3) 
+ 	x SCT x PLR2)+ 	SCT 2  x PLR) 

Equation 127 

Wheie: 

a 	 = 	3.75346018700468 

-0.049642253137389 

,29.4589834935596 

0.000342066982768282 

-11.7705583766926 

-0.212941092717051 

-1:46606221890819 x'10-6  

6.80170133906075 

-0.020187240339536 

0.000657911213335828 

PLR 	= 	0.87 

SCT 	= 	- ambient design temparature+ 15 

186  Work Paper PGEREF108: Anti-Sweat Heat (ASH) Controls. Pacific Gas & Electric Company. May 
29,2009. 
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For low temperature compressors, the following equation is used to determine the EERLT 
[Btu/hr/watts]: 

EERLT  = a + (b x SCT) + (c x PLR) + (d x SCT 2) + (e x PLR2) 
+ (f x SCT x PLR) + (g SCT 3) + (h PLR3) 
+ (i SCT PLR2) + (j SCT 2  x PLR) 

Equation 128 

Where: 

a 
	

9.86650982829017 

-0.230356886617629 

22.905553824974 

0.00218892905109218 

-2.4886737934442 

-0.248051519588758 

-7.57495453950879 x 10-6  

2.03606248623924 

-0.0214774331896676 

0.000938305518020252 

PLR 
	

0.87 

SCT 
	

ambient design temperature+10 

Energy used by the compressor to remove heat imposed by the door heaters for each hourly 
reading is determined based on calculated cooling load and EER, as outlined below: 

12 
kWhrefrig—hourly = QASH EER  

Equation 129 

kW hre  frig  =7. 
	

kW hrefrig—Hourly 

Equation 130 
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Total annual energy consumption (direct door heaters and indirect refrigeration) is the sum of all 
hourly reading values: 

kw htotal = kWhrefrig kWhASH 
Equation 131 

Tola! energy savings is a resdlt ofthe baseline and post-rétrofit case:. 

Annual Energy SaDings [kWh] 
kWhtotal—baseline kWhtotal—post 

Equation 132 

While there might be instantaneous demand savings'as a result of the cycling of the door 
heaters, peak demand savings will only be due to the reduced refrigeration load. Peak demand' 
savings is calculated by the following equation: 

kWhrefrig—baseline kWhrefrig—post 
Peak Demand Savings = 

8760 

Equation 133 

Table 2-112: Deemed Eneigy and Demahd Savings Values by Location and kefrigeration 
Temperature in kWh per Linear Foot of Display Case 

Medium Temperature 

 

Low Temperature 

  

Zero Energy Door 	Annual Energy 
Savings 
[kWh/ft] 

	

Peak Demand 	Annual Energy 

	

Savings [kW/ft] 	Savings [kWh/ft] 
Peak Demand 

Savings [kW/ft] 

Amarillo 1132 0.129 2074 0.237 

Dallas 1143' 0.131 2101 0.240 

El Paso 1147 0.131 2109 0.241 

Houston 1132 0.129 2074 0.237 

McAllen 1143 0.131 2i01 0.240 

Measure Life and Lifetime Savings 

The EUL has been defined for this merasure as 12 years per the PUCT approved Texas EUL 
filing (Docket No. 36779) and the DEER 2014 EUL update (EUL ID — GrocDisp-ZeroHtDrs). 

Program Tracking Data & Evaluation Requirements 

The following primary inputs and contextual data should be specified and tracked within the 
program database to inform the evaluation and apply the savings properly. 

• 	Refrigeration Temperature Range 
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References and Efficiency Standards  

Petitions and Rulings 

• PUCT Docket 40669 provides energy and demand savings and measure specifications 

• PUCT Docket 36779 provides EUL values for Zero Energy Doors. 

Relevant Standards and Reference Sources 

• DEER 2014 EUL update 

Document Revision History 
Table 2-113: Nonresidential Zero-Energy Refrigerated Case Doors History 

TRM Version Date Description of Change 

v1.0 11/25/2013 TRM v1.0 origin 

v2.0 04/18/2014 No revisions 

v3.0 04/10/2015 No revisions 

v4.0 10/10/2016 Updated savings methodology to be consistent with the door heater 
controls measure. 
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2.6 NONRESIDENTIAL: MISCELLANEOUS 

2.6.1 Vending Machine Controls Measure Overview 

TRM Measure ID: NR-MS-VC 

Market Sector: Commercial 

Measure Category: Miscellaneous 

Applicible Building Types: Ail building-types applicable 

Fuels Affected: Electricity 

Decision/Action Type: Retrofit 

Program Delivery Type: Prescriptive 

Deemed Savings Type: Deemed Value (per machine) 

Savings Methodology: M&V 

Measure Description 

This section presents the deemed savings methodology for the installation of Vending Machine 
controls to reduce energy usage during periods of inactivity. These controls reduce energy,  
usage by powering down the refrigeration and lighting systems when the control device signals 
that there is no human activity near the machine. If no activity or sale is detected over the 
manufacturers programmed time duration, the device safely de-energizes the compressor, 
condenser fan, evaporator fan, and any lighting: For refrigerated machines, it will power up 
occasionally to maintain cooling to meet the machine's thermostat set point. When activity is 
'detected, the system returns to full power. The energy and demand.savings are determined on 
a per-vending machine basis. 

Eligibility Criteria 

N/A 

Baseline Condition 

Eligible baseline equipment is a 120 volt single phase vending 'machine-  manufactured and 
purchased prior to August 31, 2012. 

tligh-Efficiency Condition 

Eligible equipment is a refrige'rated yending machine or non-refrigerated snack machine 
(including warm beverage machines),Without any controls. It is assumed that ,the dis.play lighting 
has not been permanently disabled. - 
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Energy and Demand Savings Methodology 

Savings Algorithms and input Variables 

N/A 

Deemed Energy and Demand Savings Tables 

Energy and demand savings are deemed values for different sized vending machines. These 
values have been pieced together from different sources and studies. The energy and demand 
savings of Vending Machine Controllers are deemed values. The following tables provide these 
deemed values. 

Table 2-114: Deemed Energy and Demand Savings Values by Equipment Type 

Size 

Control for Refrigerated Cold Drink Unit cans 
or bottles 

Control for Refrigerated Reach-in Unit any 
sealed beverage 

Control for Non-Refrigerated Snack Unit with 
lighting (include. Warm beverage) 

Measure Life and Lifetime Savings 

Annual Energy 
Savings [kWh] 

! 	Peak Demand 
Savings [kW]187  

1,612188  0.030 

1,086189  0.035 

387199  0.006 

The EUL has been defined for this measure as 5 years per the PUCT approved Texas EUL 
filing (Docket No. 36779) and the DEER 2014 EUL update (EUL ID — Plug-VendCtrler). 

Program Tracking Data & Evaluation Requirements 

The following primary inputs and contextual data should be specified and tracked within the 
program database to inform the evaluation and apply the savings properly. 

• Vending Machine Type 

• Refrigerated Cold Drink Unit, Refrigerated Reach-in Unit, or Non-Refrigerated Snack 
Unit with lighting 

187  Chappell, C., Hanzawi, E., Bos, W., Brost, M., and Peet, R. (2002). "Does It Keep the Drinks Cold and 
Reduce Peak Demand? An Evaluation of a Vending Machine Control Program," 2002 ACEEE Summer 
Study on Energy Efficiency in Buildings Proceedings, pp. 10.47-10.56. 

188  Pacific Gas and Electric, Work Paper VMCold, Revision 3, August, 2009, Measure Code R97. 
189  Pacific Gas and Electric, Work Paper VMReach, Revision 3, August, 2009, Measure Code R143. 
199  Pacific Gas and Electric, Work Paper VMSnack, Revision 3, August, 2009, Measure Code R98. 
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Date 	 Description of Change TRM Version 

 

  

11/25/2013 TRM v1.0 origin v1.0 

v2.0 04/18/2014 No revisions 

v3.0 04/10/2015 No revisions 

10/10/2016 
; 

No reviions v4.0 

References and Efficiency Standards 

Petitions and Rulings 

• PUCT Docket 40669 — Provides energy and demand savings and measure 
spebifications._Appendix A: 
http://interchange.puc.state.tx.us/WebApp/lnterchange/Doeuments/40669_3_735684.PD  
F. Accessed 9/24/2013. 

• PUCT Docket 36779 — Provkies EUL 'for Vending Machine Controls 

Relevant Standards and Reference Sources 

• Chappell, C., Ha• nzawi, E., Bos, W., Brost, M., and Peet, R. (2002). "Ddes It Keep the Drinks 
Cold and Reduce Peak Demand? An Evaluation of a Vending Machine Control Program," 
2002 ACEEE Summer Study on Energy Efficjericy in Buildings Proceedings, pp. 10.47-
10.56. 
http://www.eceee.org/library/conferebce_proceedings/ACEEE_buildings/2002/Panel_10/p10  
. 5/paper. Accessed 9/24/2013. 

• DEER 2014 EUL update 

Document Revision History 
Tab*le 2-115: Nonresidential Vending Machine COntrols History _ 
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2.6.2 Lodging Guest Room Occupancy Sensor Controls Measure 
Overview 

TRM Measure ID: NR-MS-GR 

Market Sector: Commercial 

Measure Category: HVAC, indoor Lighting 

Applicable Building Types: HoteVMotel Guestrooms, Schools/Colleges (Dormitory) 

Fuels Affected: Electricity 

Decision/Action Type: Retrofit (RET) 

Program Delivery Type: Prescriptive 

Deemed Savings Type: Deemed Savings Calculation 

Savings Methodology: Building Simulation 

Measure Description 

This measure captures the potential energy and demand savings resulting from occupancy 
sensor control of HVAC and lighting in unoccupied hotel/motel guest rooms. Hotel and motel 
guest room occupancy schedules are highly variable, and guests often leave HVAC equipment 
and lighting on when they leave the room. Installation of occupancy controls can reduce the 
unnecessary energy consumption in unoccupied guest rooms. Savings have also been 
developed for use of this measure in college dormitories.191  This measure is also commonly 
referred to as a guest room energy management (GREM) system. 

Eligibility Criteria 

To be eligible for HVAC savings, controls must be capable of either a 5°F or 10°F temperature 
offset. To be eligible for lighting savings, at least 50% of all the lighting fixtures in a guest room 
— both hardwired and plug-load lighting - must be actively controlled. 

Baseline Condition 

The baseline condition is a guest room or dorm room without occupancy controls. 

High-Efficiency Condition 

The high-efficiency condition is a hotel/motel guest room or dorm room with occupancy controls. 
The occupancy sensors can control either the HVAC equipment only, or the HVAC equipment 
and the interior lighting (including plug-in lighting). 

191  The original petition also includes savings for HVAC-only control in master-metered multifamily 
individual dwelling units. These values are not reported here because the permanent occupation of a 
residential unit is quite different from the transitory occupation of hotel/motels, and even dormitories. 
This measure is not currently being implemented and is not likely to be used in the future, but it can be 
added to a future TRM if warranted. 
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r1he occupahcy-based control system must include, but not be limited to, infral-ed-sensors;-
ultrasonic sensors:door magnetic strip sensors, and/or card-key sensors. The controls must be 
able to either completely 'ghut-off the HVAC equipment serving the space'and/or place it into,an 
unocôupied temperature setback/setup mode. 

Energy and Demand Savings Methodology 

Energy and demand savirfgs are deerried values basedon energy simulafion runs performed 
using.EnergyPro Version 5. Building prototype models were developed for a hotel, motel, and 
dormitory. The base case for each prototype model assumed a uniform temperature setting, and 
wa's calibrated to a baseline energy use. Occupancy patterns based on both documented field 
studies192  and prototypical ASHRAE 90.1-1999 occupancy schedules were used in the energy 
siniulation runs to create realistic vacancy,schedules. The prototype models were then adjusted 
to simulate an occupancy control sjistem, which was compared to the baseline models.193  

Savings Algorithms and Inputs 	 fl 

A building simulation approach was used to produce savihgs estimates. 

Deemed Energy and DemaRd Savings Tables 

Energy and demand saiiings are provided by region, for HVAC-Only and HVAC+Lighting control 
donfigurations, and for three facility types: Motel and Hotel guest rooms, and Dormitory rooms. 

192  HVAC occupancy rates appear to be based on a single HVAC study of three hotels, but not dorms or 
t multifamily buildings. For the lighting study, a typical guest room layout was used aš the basis for the 
savings analysis. Hotel guest rooms'are quite different from either dorms or multifamily units. 

193  A more detailed description of the modelirig assumptions can be-  found in Docket 40668 Attachment 
A, pages A-46 through A-58. 
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Representative 
City (Region)194  

Heat Pump 

HVAC-Only 	HVAC & Lighting 

Electric Heat 

HVAC-Only 	HVAC & 
Lighting 

0.05 

	

Amarillo (Panhandle) 	9 

Dallas-Ft Worth 0.07 

	

(North) 	6 

0.08 

	

Houston (South) 	2 

0.08 

	

McAllen (Valley) 	6 

0.06 

	

El Paso (West) 	3 

0.11 

	

Amarillo (Panhandle) 	1 

Dallas-Ft Worth 0.14 

	

(North) 	6 

0.15 

	

Houston (South) 	1 

0.16 

	

McAllen (Valley) 	3 

0.11 

	

El Paso (West) 	8 

5-Degree Setup/Setback Offset 

0.075 380 0.059 

0.091 443 0.076 

0.097 461 0.082 

0.103 500 0.086 

0.078 379 0.063 

559 	0.161 	686 	0.146 

559 	0.166 	695 	0.151 

617 	0.179 	761 	0.163 

432 	0.133 	561 	0.118 

kWh ; 	kW kWh 

341 0.075 441 

365 0.091 485 

351 0.097 484 

369 0.103 513 

283 0.078 406 

627 0.126 726 

640 0.161 761 

602 0.166 735 

650 0.179 792 

482 0.133 607 

kW kWh kW kWh kW 

267 

315 

324 

354 

251 

10-Degree Setup/Setback Offset 

486 	0.126 	598 	0.111 

Table 2-116: Deemed Energy and Demand Savings for Motel per Guest Room, by Region 

Table 2-117: Deemed Energy and Demand Savings for Hotel per Guest Room, by Region 

Heat Pump 	 Electric Heat 
1 

Representative 	HVAC-Only 	HVAC & Lighting 	HVAC-Only 	HVAC & 
City (Region) 	 Lighting 

kWh kW 	; kWh 

303 0.072 530 

303 0.093 505 

260 0.094 450 

267 0.102 459 

196 0.075 380 

557 0.121 684 

194  Regions used in the original petition were mapped to current TRM representative weather stations and 
regions as follows: Amarillo (Panhandle) was "Panhandle, Dallas-Ft Worth (North) was "North", 
Houston (South) was "South Centrar, El Paso (West) was "Big Bend", and McAllen (Valley) was "Rio 
Grande Valley". 
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kWh kW kWh kW 

5-Degree Setup/Setback Offset 

	

Amarillo (Panhandle) 0.053 	232 	0.072 	439 	0.053 

Dallas-Ft Worth 

	

0.073 	258 	0.093 	452 	0.073 
(North) 

	

Houston (South) 0.074 	242 	0.094 	430 	0 074 

McAllen (Valley) 	0.081 	260 	0.102 	451 	0.081 

	

El Paso (West) 0.056 	178 	0.075 	360 	0.056 

10-Degree Setup/Setback Offset 

	

Amarillo (Panhandle) 0.102 	426 	0.121 	568 	0.102 



kW kWh kW kWh 

Representative 
City (Region) 

HVAC-Only 

=NMI 
HVAC & 
Lighting 

111:1111Mil 

Heat Pump 

Dallas-Ft Worth 
(North) 

• 
0.134 

452 6.154 617 0.134 517 0.154 676 

• Houston (South) 0.136 423 0.156 599 0.136 446 0.156 621 

McAllen (Valley) 0.149 467 0.169 652 0.149 483 0.169 667 

El Paso (West) 0.106 312 0.126 479 0.106 338 0.126: 501 
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Heat Pump 

HVAC-Only 	HVAC & Lighting 

kW kWh kW kWh kW kwh 

HVAC & 
Lighting 

kW 	kWh 

Representative 
City (Region) 

Electric Heat 

HVAC-Only 

Table 2-118: Deemed Energy and Demand Savings for Dormitories per Room, by Region 

Amarillo (Panhandle) 

Dallas-Ft Worth (North) 

Houston (South) 

McAllen (Valley) 

El Paso (West) 

5-Degree Setup/Setback Offset 

	

0.034 	136 	0.061 	319 	0.034 	152 	0.061 	316 

	

0.048 	214 	0.076 	425 	0.048 	223 	0.076 	428 

	

0.051 	242 	0.078 	461 	0.051 	244 	0.078 	462 

	

0.053 	265 	0.081 	492 	0.053 	266 	0.081 	492 

	

0.031 	110 	0.059 	327 	0.031 	110 	0.059 	326 

10-Degree Setup/Setback Offset 

Amarillo (Panhandle) 

Dallas-Ft Worth (North) 

Houston (South) 

McAllen (Valley) 

El Paso (West) 

0.073 

0.078 

0.081 

0.088 

0.045 

261 

293 

326 

368 

151 

	

0.084 	404 

	

0.105 	505 

	

0.108 	543 

	

0.114 	591 

	

0.060 	448 

	

0.073 	289 	0.084 	417 

	

0.078 	304 	0.105 	511 

	

0.081 	328 	0.108 	545 

	

0.088 	370 	0.114 	593 

	

0.045 	153 	0.060 	450 

Claimed Peak Demand Savings 

Refer to Volume 1, Appendix B: Peak Demand Reduction Documentation for further details on 
peak demand savings and methodology. 

Measure Life and Lifetime Savings 

Estimated Useful Life is 10 years based on the value for retrofit energy management system 
(EMS) HVAC control from the Massachusetts Joint Utility Measure Life Study195. This value is 
also consistent with the EUL for lighting control and HVAC control measures in PUCT Docket 
Nos. 36779 and 40668. 

Program Tracking Data & Evaluation Requirements  

The following primary inputs and contextual data should be specified and tracked within the 
program database to inform the evaluation and apply the savings properly. 

• HVAC System and Equipment Type 

• Climate Zone/Region 

• Temperature Offset category (5 or 10 degrees) 

195  Energy & Resource Solutions (2005). Measure Life Study. Prepared for the Massachusetts Joint 
Utilities; Table 1-1, Prescriptive Common Measure Life Recommendations, Large CM Retrofit, HVAC 
Controls, EMS. 
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v2.0 
	

04/18/2014 TRM v2.0 origin 

v2.0 04/18/2014 No revisions- 

v3.0 04/10/2015 No revisions 

-v4.0 10/10/2016 No revisions 

• Control Type (HVAC-Only or HVAC & Lighting) 

• Business/Room Type 

• Number of Rooms 

References and Efficiency Standards  

Petitions and Rulings 

• PUCT Docket 40668 — Provides deemed energy and demand savings valUe's Cinder 
"Guestroom, Dormitory and Multi-family Occupancy Controls for HVAC and Lighting 
Systeme, page 25 and Attachnient pages A-46 through A-58. 

• PUCT Docket 36779 — Provides EULs for commercial measures. 

Relevant Standards and Reference Source's 

• ASHRAE Standard 90.1-1999 

• Measure Life.Study. Prepared for The Massachusetts Joint Utilities by ERS. November 
17, 2005. 

• Codes and Standards Enhancement Initiative (CASE): Guest Room Occupancy - 
Controls, 2013 California Building Energy Efficiency.  Standards:  October 2011. 

Document Revision History 

Table 2-119: Lodging Guest Room Occupancy Controls History 

TRM Version 	Date 	 Description of Change 
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2.6.3 Pump-off Controller Measure Overview 

TRM Measure ID: NR-MS-PC 

Market Sector: Commercial 

Measure Category: Controls 

Applicable Building Types: Industrial 

Fuels Affected: Electricity 

Decision/Action Type: Retrofit 

Program Delivery Type: Prescriptive 

Deemed Savings Type: Deemed Algorithm 

Savings Methodology: Engineering estimates, Field study, Algorithm 

Measure Description 

Pump-off Controllers (POC) are micro-processor-based devices that continuously monitor pump 
down conditions, which is the condition when the fluid in the well bore is insufficient to warrant 
continued pumping. These controllers are used to shut down the pump when the fluid falls 
below a certain level and "fluid pounding196" occurs. POCs save energy by optimizing the pump 
run-times to match the flow conditions of the well. 

Eligibility Criteria 

The POC measure retrofit is available for existing wells (wells with an existing API number"' 
prior to September llth, 2014) with rod pumps using 15 hp or larger motors operating on time 
clock controls or less efficient devices. These cannot be integrated with a variable frequency 
drive, and only apply to POCs using load cells, which measure the weight on the rod string for 
greater precision. Additionally, the POC must control a conventional well (above ground, 
vertical, with a standard induction motor of 480V or less). 

Baseline Condition 

The baseline condition is an existing conventional well (with an API number prior to September 
llth, 2014) with rod pumps operating on time clock controls or less efficient control devices. 

High-Efficiency Condition 

The efficient condition is the same existing well retrofitted with a pump-off controller. 

196  Fluid pounding occurs when the downhole pump rate exceeds the production rate of the formation. 
The pump strikes the top of the fluid column on the downstroke causing extreme shock loading of the 
components which can result in premature equipment failure. 

197  The API number is a unique, permanent identifier assigned by the American Petroleum Institute. The 
API number should correspond to a well that was in existence prior to the date of PUCT Docket 42551. 
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Energy and Demand Savings Methodology 

Two main sources were referenced to develop the savings methods for the POC measure: 
Electrical Savings in Oil Production' (SPE 16363), which identified a relationship between 
volumetric efficiency and pump run times, and the 2006-2008 Evaluation Report for PG&E 
Fabrication, Process, and Manufacturing Contract Group199 , which showed a reduction in 
savings from the SPE 16363 Oper:The§e two methods were the basis of the current'savings 
Calculations and deemed inputs listed below. However, to develop Texas-specific'stipulated 
values, field and metering dela will be collected in 2015 and used to calibrate and update the 
savings calculation methods and inpUt variables for a future version of,the TRM200. 

Savings Algorithms and Inputs 

The energy and demand algorithms and associated input variables are listed below: 

Energy Savings [kWh] = kW „g  * (Timeclock%on — Pocvoon) * 8760 

Equation 134 

Demand Savings [kW] = 
8760 

Equation 13520' 

The inputs for the energy and peak coincident demand savings are listed below: 

LP' 

kW„g  = HP x O. 746 X ME 
SME 

Equation 136 

Energysavings 

POC%On = Runconstant + Runcooffident x V olumetricE f f iciency% x TimeClock%On x 100 
100 

Equation 137202  

198  Bullock, J.E. "SPE 16363 Electrical Savings in Oil Production", (paper presented at the Society of 
Petroleum Engineers California Regional Meeting held•in Ventura, California, April 8-10, 1987). 

199  2006-2008 Evaluation Report for PG&E Fabrication, Process and Manufacturing Contract Group. 
Calmac Study ID: CPU0017.01. Itron, Inc. Submitted to California Public Utilities Commission. 
February 3, 2010. 

299  The EM&V Team will work with SPS/Xcel Energy in developing the sample plan for the field data 
collection effort. 

291  The equations in the petition for peak demand simplify to the equation shown.- 
202  This equation from the petition deviates from that in SPE 16363 but will provide conservative savings 

estimates. The equation will be updated and made consistent when this measure is'updated'with field 
data. The correct equation term is (Runcontstant + Runcoefficient * VolumetricEfficiendy%)mith the volumetric 
efficiency expressed as percent value not a fraction (i.e. 25 not 0.25 for 25%). 
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Where: 

kWavg  

HP 

0.746 

LF 

ME 

The demand used by each rod pump 

Rated pump motor horsepower 

Conversion factor from HP to kW 

Motor load factor— ratio of average demand to 
maximum demand, see Table 2-120 

Motor efficiency, based on NEMA Standard 
Efficiency Motor, see Table 2-121 

Mechanical efficiency of sucker rod pump, see 
Table 2-120 

Stipulated baseline timeclock setting, see Table 
2-120 

8.336, 0.956. Derived from SPE 16363203  

Average well gross production divided by 
theoretical production (provided on rebate 
application) 

SME 

TimeClock%On 

Runconstant, RUT:coefficient 

VolumetricEfficiency% 

Deemed Energy and Demand Savings Tables 
Table 2-120: Deemed Variables for Energy and Demand Savings Calculations 

Variable 
Stipulated/ 

Deemed Values 

LF (Load Factor) 
	 25%204 

ME (motor efficiency) 
	

See Table 2-121 

SME (pump mechanical efficiency) 
	95%205 

Timeclock%On 
	 65%206 

203  Bullock, J.E. "SPE 16363 Electrical Savings in Oil Production", (paper presented at the Society of 
Petroleum Engineers California Regional Meeting held in Ventura, California, April 8-10, 1987). 

204  Comprehensive Process and Impact Evaluation of the (Xcel Energy) Colorado Motor and Drive 
Efficiency Program, FINAL. TetraTech. March 28, 2011. Adjusted based on Field Measurements 
provided by ADM Associates, based on 2010 custom projects. 

205 Engineering estimate for standard gearbox efficiency. 
206  A TimeClock%On of 80% is typical from observations in other jurisdictions, but that was adjusted to 

65% for a conservative estimate. This value will be reevaluated once Texas field data is available. 
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Table 2-121: NEMA Premium Efficiency Motor Efficienciei2" 

Motor 
Horsepower 

15 

Nominal Full Load Efficiency 

Enclosed Motors (TEFC) Open Motors (ODP) 

6 poles 	4 poles 2 poles 	6 poles 	4 poles 2 poles 

3600 rpm 1200 rpm 	1800 rpm 3600 rpm 	1200 rpm 	1800 rpm 

91.7% 93.0% 90.2% 91.7% 92.4% 91.0% 

20 92.4% 93.0% 91.0% 91.7% 93.0% ' 	91.0% 

25 93.0% ' 93.6% 91.7% 93.0% 93.6% 91.7% 

30 93.6% 94.1% 91.7% 93.0% 93.e% 91.74; 

40 , 	94.1% 94.1% 92.4% 94.1% 94.1% 92.4% 

50 94.1% 94.5% 93.0% 94.1% 94.5% 93.0% 

60 94.5% 95.0% 93.6% 94.5%: 95.0°Z) 1  93.6% 

75 94.5% 95:0% 93.6% 94.5% 95.4% 93.6% 

100 95.0% 95.4% ' , 93.6% 95.0% 95.4% 94.1% 

125 95.0% 95.4% 94.1% 95.0% 95.4% 	- 95.0% 

150 95.4% 95.8% 94.1% 95.8% ' 	95.8% 95.0% 

200 95.4% 95.8% 95.0% 95.8% 96.2% . 95.4% 

Claimed Peak Demand Saving's' 

Because the operation of the POC coincident with the peak demand period is uncertain, a 
simple average of the total savings over the full year (8760 hours) is used, as shown in Equation 
135. 

Measure Life and Lifetime Savings 

The EUL for this measure is 15 years208  

Program Tracking Data & Evaluation Requirements  

The following primary inputs and contextual data should be specified and tracked within the 
program database to inform the evaluation and apply the savings properly. 

• Motor Make 

• Motor Model Number 

• Rated Motor Horsepower 

• Motor Type (TEFC or ODP) 

207  DOE Final Rule regarding energy conservation standards for electric motors. 79 FR 30933. Full-Load 
Efficiencies for General Purpose Electric Motors [Subtype I] 
http://wwwl.eere.energv.gov/buildinqs/appliance  standards/product.aspx/productid/50. 

208 CPUC 2006-2008 Industrial Impact Evaluation "SCIA_06-08_Final_Report_Appendix_D-5": An EUL-of 
15 yeats was used for the ex-post savings, consistent with the SPC - Custom Measures and System 
Controls categories in the CPUC Energy Efficiency PolicY Manual (Version 2) and with DEER.values 
for an energy management control system. 
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• Rated Motor RPM 

• Baseline control type and timeclock % on time (or actual on-time schedule) 

• Volumetric Efficiency 

• Field data on actual energy use and post-run times209  

References and Efficiency Standards  

Petitions and Rulings 

• PUCT Docket 42551 — Provides energy and demand savings calculations and EUL 

Relevant Standards and Reference Sources 

• Bullock, J.E. "SPE 16363 Electrical Savings in Oil Production", (paper presented at the 
Society of Petroleum Engineers California Regional Meeting held in Ventura, California, 
April 8-10, 1987). 

• 79 FR 30933. Full-Load Efficiencies for General Purpose Electric Motors [Subtype I] 

• 2006-2008 Evaluation Report for PG&E Fabrication, Process and Manufacturing 
Contract Group. Calmac Study ID: CPU0017.01. Itron, Inc. Submitted to California 
Public Utilities Commission. February 3, 2010. 

• Comprehensive Process and Impact Evaluation of the (Xcel Energy) Colorado Motor 
and Drive Efficiency Program, FINAL. TetraTech. March 28, 2011. 

Document Revision History 

Table 2-122: Pump-off Controller History 

TRM Version 	Date 	 Description of Change 

	

v2.1 	01/30/2015 TRM v2.1 origin 

	

v3.0 	04/10/2015 No revisions 

	

v4.0 	10/10/2016 No revisions 

209  Per PUCT Docket 42551, Southwestern Public Service Company (SPS)/Xcel Energy has agreed to 
collect field data in 2015 on post-run times for a sample of wells in order to improve the accuracy of 
POC saving estimates. 
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APPENDIX D: MEASURE LIFE CALCULATIONS FOR EARLY 
RETIREMENT PROGRAMS 

The following appendix describes the method of calculating savings for early retirement 
programs. This supersedes the previous Measure Life Savings found in PUCT Dockets 40083 
and 40885, and is revised to clarify the understanding of the Measure Life calculations and 
reduce any misrepresentation of Net Present Value (NPV) of early retirement projects. These 
calculations are provided in the Docket [43681]. 
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Step 1: Determine 'the measure life for ER and ROB components of the calculated savings: 

Early Retirement (ER)Period = MLER  = RUL 
Equation 138 

Replace on Burnout (ROB)Period = MLROB  = EUL — RUL 
Equation 139 

Where: 

RUL 	= 	The remaining useful life determined from lookup tables based on 
the age of the replaced unit (or default age when actual age is 
unknown) 

EUL 	= 	The estimated useful life a's specified in applicable measure from 
Texas TRM (ol-  approved petition) 

Step 2: Calculate the ER demand and energy savings and the ROB demand and energy 
savings: 

AkW ER kWreplaced kWinstalled 

1k141Rpft = kWbaseline kWinstalled 

AkWhER  = k 	 kWhins;a' Wke;ila;id —  

AkWhRpn = kWkbaseline —  kWhinita'' Iled 

Equation 140 

Equation 141 

Equation 142 

Equation 143 

Where: 

AkWER 

dkWROB 

kWreplaced 

kWbasehne 

kWinsielled 

ZikWh;R 

AkWhrRoB  

kWhreplaced 

kWhbaseline 

kWh'installed 

Early retirement demand savings 

Replace-on-bumout demand savings 

Dernand of the retired system233  

Demand of the baseline ROB system234  

Demand of the replacement systerh235  

Early retirement energy savings 

Replace-on-bumout energy savings 

Energy Usage of the retired system233  

Energy Usage of the baseline ROB system234  

Energy Usage of the replècemènt system235  

233  Retired system refers ta the existing equipment that was in.use before the retrofit has occurred. 
234  Baseline used for a replace-on-bunout project of the same type and capacity as the system being 

installed in the early retirement project (as specified in the applicable measure) 
235  Replacement system refers to the installed equipment that is in place after the retrofit ha's occured. 
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Step 3: Calculate the avoided capacity and energy cost contributions of the total NPV for both 
the ER and ROB components: 

1 + e 1 +  erERI 
x LIkW ER NPVERjav = ACktv 	x 	

11+ di 
Equation 144 

1 + e [1+ el o (1 + e)6fLER AuR B} 
NPVROB,ktv 	ACkw x 	x

f
1 

 

d — e [1+ di 
x AkW 

(1+ d)MLER 	
ROB 

 
Equation 145 

1+ e [1 + ei MLERI 
X AkWhER  NPVER,kWh = ACkWhX d—e X ti  [1 + d 

Equation 146 

1+ e 1+ el ituRoB  e) frILER 
x

(1+ 
NPVROB,kWh = ACkwh  X 

ti—e
X 
t [

1 + d 
X iXkWhROB  

(1 + d)MuER 
Equation 147 

Where: 

NPVER, kW 

NPVROB, kW 

NPVER, kWh 

NPVROB, kWh 

ACkW 

ACkWh 

MLER 

MLROB 

Net Present Value (kW) of ER projects 

Net Present Value (kW) of ROB projects 

Net Present Value (kWh) of ER projects 

Net Present Value (kWh) of ROB projects 

Escalation Rate 236  

Discount rate weighted average cost of capital (per utility) 236  

Avoided cost per kW ($/kW) 236  

Avoided cost per kWh ($/kWh) 236  

ER Measure Life (calculated in Equation 138) 

ROB measure life (calculated in Equation 139) 

Note: Demand and energy savings (AkW and AkWh) used to estimate NPV in Equation 144 

through Equation 147 are the savings estimated using the same equations as have been in use 

for some time in the commercial HVAC programs (equations A-1 and A-2 in Petition 40083). 

However, the efficiency values used in estimating the equations differ from those used in 

Petitions 40083 and 40885: (1) the Early Retirement savings, earned for the RUL of the 

replaced system, are estimated using the difference between the efficiency of the replaced 

236  The exact values to be used each year for the escalation rate, discount rate, and avoided costs are 
established by the PUC in Substantive Rule §25.181 and updated annually, as applicable. Please note 
that the discount rates are based on a utilitys weighted average cost of capital and, as such, will vary 
by utility and may change each year. 
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NPWEUL,IcHrh 

Equation 152 

Equation 153 

NPVTotal.kWh 
Weighted kWh = 

s'ystem and that of the- installed system; (2) the replace-on-burnout savings, earned over the 

measure EUL minus the project's RUL, are estimated using the difference between the replace= 

on-burnout baseline efficiency and the efficiency of the installed system. 

Step 4: Calculate the'total capacity and energy cost contributions to the total NPV: 

MPVTotiickw = gPVER.kat + NPV ROB,kW 
Equation 148 

NPVTotaUtigh = NPV ER,kWhA" Alf V ROB,kWh 
Equation 149 

Where: 

NPVTotal, kW = 	Total capacity contributions to NPV of both'ER and ROB 
, - component 

NPVTotal, kWh = 	Total energy contributions to NPV Of both ER and ROB 
coMponeht 

Step 5: Calculate the' capacity and energy cost contributions to the NPV without weighting by 
demand and energy savings for a scenario using the original EUL: 

1+e 
NPV EUL,kW = AC/ay — x 1 rei 

— 
EUL} 

d — e 1 + d 
EquatiOn 150 

1+ e-  1 + ei 
NPV EUL,kWh = AC kwh  x {1 

[ 1 + d 
Equation 151 

Where: 

NPVEUL, kW 

NPVEUL, kWh 

Capacity contributions to NPV without weighting, using original t,  
EUL 

Energy contributions to NPV without weighting, using original EUL 

Step 6: Calculate the weighted demand and énergy savings by dividing the combined capacity 
and energy cost contributions from the ER and ROB scenarios by the non-savings weighted 
capacity and energy cost contributions from the single EUL scenario: These weighted savings 
are claimed over the original measure EUL: 

NPITrotakW 
Weighted kW = 

NPW EUL,kW 
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