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At-A-Glance Summary

	Applicable Measure Codes:
	R-K2

	Measure Description: 
	This measure installs controls on evaporator fans in walk-in coolers and freezers.  The measure must control a minimum of 1/20 HP where fans operate continuously at full speed.  The measure also must reduce fan motor power by at least 75% during the compressor off cycle.

	Energy Impact Common Units: 
	Each

	Base Case Description:
	Source: DEER XE "DEER"  2005: D03-210
The baseline is an evaporator fan with shaded pole (SP) motor that runs continuously.

	Base Case Energy Consumption: 
	Source: DEER XE "DEER"  2005, Measure ID D03-210
Depends on climate zone.

	Measure Energy Consumption:
	Source:  DEER XE "DEER"  2005, Measure ID D03-210.  
Depends on climate zone and vintage.

	Energy Savings (Base Case – Measure)
	Source: DEER XE "DEER"  2005, Measure ID D03-210
Depends on climate zone.

	Costs Common Units: 
	Per controller (DEER uses per motor)

	Base Case Equipment Cost ($/unit):
	There is no controller for evaporator fans.
$0.0

	Measure Equipment Cost ($/unit): 
	Source: DEER2008, 2Jun08: D03-210 XE "DEER" 
$139.38

	Measure Incremental Cost ($/unit): 
	Source: DEER2008, 2Jun08: D03-210 XE "DEER" 
$323.50, includes equipment and labor

	Effective Useful Life (years): 
	Source:  DEER 2008, 1Oct08: D03-210
16 years.

	Program Type:
	Retrofit (RET) 

	Net-to-Gross (NTG) Ratio: 
	0.6  -  DEER2011 (8/30/12)
All other EEMs with no evaluated NTGR; existing EEM in programs with same delivery mechanism for more than 2 years

	Important Comments:
	Assume 2 motors per controller (all DEER numbers are doubled).  Includes interactive effects with refrigeration system.
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	Measure Code
	Version Source
	Measure 
Description
	Measure Application Type
	Building Type
	Building Vintage
	Climate Zone
	Unit Definition
	KW
Peak Electric Demand Reduction
	KWh
Electric Savings
	THM
Gas Savings
	(EUL) LIFE CYCLE
	Base Case Cost ($/unit)
	Measure Cost ($/unit)
	Labor Cost ($/unit)
	IMC
Incremental 
Measure
Cost ($/unit)
	KW
Peak Electric Demand Reduction
	KWh
Electric Savings
	THM
Gas Savings
	LIFE CYCLE
	Base Case Cost ($/unit)
	Measure Cost ($/unit)
	Labor Cost ($/unit)
	IMC
Incremental 
Measure
Cost ($/unit)
	GRR_

kW
	GRR_

kWh
	GRR_

therm
	NTG
	Implementation Method
 [DI, DD, I]
	ISR

	R53
	CGro0103GWEFC
	Evaporator Fan Control
	ROB
	BCR
	AV
	Z01
	Each
	0.1462953
	1187.9735
	0
	16
	0
	139.38
	92.06
	323.5
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	0.6
	I
	1

	R53
	CGro0203GWEFC
	Evaporator Fan Control
	ROB
	BCR
	AV
	Z02
	Each
	0.16296255
	1185.879
	0
	16
	0
	139.38
	92.06
	323.5
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	0.6
	I
	1

	R53
	CGro0303GWEFC
	Evaporator Fan Control
	ROB
	BCR
	AV
	Z03
	Each
	0.15370365
	1187.4745
	0
	16
	0
	139.38
	92.06
	323.5
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	0.6
	I
	1

	R53
	CGro0403GWEFC
	Evaporator Fan Control
	ROB
	BCR
	AV
	Z04
	Each
	0.1462953
	1187.9735
	0
	16
	0
	139.38
	92.06
	323.5
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	0.6
	I
	1

	R53
	CGro0503GWEFC
	Evaporator Fan Control
	ROB
	BCR
	AV
	Z05
	Each
	0.16296255
	1185.879
	0
	16
	0
	139.38
	92.06
	323.5
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	0.6
	I
	1

	R53
	CGro1103GWEFC
	Evaporator Fan Control
	ROB
	BCR
	AV
	Z11
	Each
	0.15370365
	1187.4745
	0
	16
	0
	139.38
	92.06
	323.5
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	0.6
	I
	1

	R53
	CGro1203GWEFC
	Evaporator Fan Control
	ROB
	BCR
	AV
	Z12
	Each
	0.15000055
	1202.9275
	0
	16
	0
	139.38
	92.06
	323.5
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	0.6
	I
	1

	R53
	CGro1303GWEFC
	Evaporator Fan Control
	ROB
	BCR
	AV
	Z13
	Each
	0.15000055
	0
	0
	16
	0
	139.38
	92.06
	323.5
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	0.6
	I
	1

	R53
	CGro1603GWEFC
	Evaporator Fan Control
	ROB
	BCR
	AV
	Z16
	Each
	0
	0
	0
	16
	0
	139.38
	92.06
	323.5
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	0.6
	I
	1


 AT A GLANCE MEASURE LIST

Note: For the complete list of Measures, refer to the attached calculation spreadsheet
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Section 1. General Measure & Baseline Data

1.1 Measure Description & Background
Catalog Description

The measure must reduce airflow of evaporator fans in walk-in coolers and freezers when compressor(s) cycle off and there is no refrigerant flow through the evaporator. Must control a minimum fan load of 1/20 horsepower where the fan(s) operate continuously at full speed.  Must reduce fan motor power by at least 75% during the compressor off-cycle.  This measure is applicable to evaporator fans, with SP motors, in walk-in coolers and freezers. 
Program Restrictions and Guidelines

This measure is not applicable if any of the following existing (base case) conditions apply:

1) The compressor runs all the time with high duty cycle;

2) The evaporator fan does not run at full speed all the time;

3) The evaporator fan motor runs on poly-phase power;

4) The evaporator fan motor is not shaded-pole; 

5) The evaporator does not use off-cycle or time-off defrosts.
Technical Description

An evaporator fan controller is defined as a device or system that reduces airflow across an evaporator in walk-in coolers and freezers when there is no refrigerant flow through the evaporator i.e., when the compressor is in an off-cycle; or when the controller receives a signal form the thermostat to stop the flow of refrigerant, i.e., turns the compressor off.  The energy savings is typically accomplished by reducing the speed of the fan motors by at least 75% during the compressor off-cycle.  The controller reduces air flow rather than turning fans off completely when the compressor is not operating because a minimum airflow may be required to provide defrosting and prevent the air in the cooler from stratifying into layers of higher and lower temperature.

A typical evaporator unit in a walk-in cooler contains one or more small fans with fractional horsepower motors that are operating continuously.  To qualify for rebates the motor must be at least 1/20 HP.  A fan controller saves energy by reducing fan usage and by reducing the refrigeration load resulting from the fan's waste heat. 
1.2 DEER XE "DEER"  Differences Analysis
Energy savings and cost data are based on 2005 DEER XE "DEER"  data for Measure ID D03-210.  Section 7.3, Grocery Refrigeration Measures, of the DEER Report presents energy savings and cost data on a per motor basis
, however, PG&E provides rebates for the measure on a per controller basis.  Thus, the savings and cost data contained herein have been adjusted to reflect the PG&E incentive structure. Based on industry experience and engineering judgment, we have assumed that the average evaporator case contains two evaporator fan motors. We have also assumed that each controller installed under this measure (R53 Evaporator Fan Controller) will control a single evaporator case. Therefore, the savings for this measure are based on controlling two evaporator fans per controller. That is, the claimed savings and costs for this measure are twice the values from the DEER 2005 data, which are based on controlling a single evaporator fan motor. The 2005 DEER data for Measure ID D03-210 gives gas savings.  Since there isn’t any heating in a walk-in cooler (besides defrost which is electric resistance), there shouldn’t be any natural gas savings so they are not being reported.
Walk-in coolers, which store food and other perishable products, are found in supermarkets, liquor stores, convenience stores, schools and restaurants.  DEER 2005 only lists measure in the grocery category XE "DEER" , and does not offer evaporator fan controller data for other building types.  However, the energy savings of the fan controller in a walk-in does not have any variation by building type, so we have listed this measure for all building types.

Additionally, savings for building vintages 2005 or newer are calculated by 2005 DEER XE "DEER"  with a permanent split capacitor (PSC) motor baseline1.  This does not match the catalog criteria, which states that existing motors must be shaded pole (SP).  In order to match the catalog criteria, the average vintage includes the average of buildings that are older than 2005 for each climate zone.
[image: image1.emf]Use Category Description Use Category Use Sub Category Description Use Sub Category
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1.3 Codes & Standards Requirements Analysis
This measure is not governed by either state or federal codes and standards. 

1.4 EM&V, Market Potential, and Other Studies
According to the California Commercial End-Use Survey XE "California Commercial End-Use Survey" , refrigeration is the second highest end use of electricity in commercial buildings, using 15% of total commercial building electric consumption in the PG&E territory, emphasizing the significant potential for energy-efficiency measures involving various types of refrigeration.

1.5 Base Cases for Savings Estimates: Existing & Above Code
The base case for the existing equipment is defined in DEER 2005 XE "DEER"  (Measure ID D03-210) as a walk-in cooler or freezer with continuously running evaporator fans.1 All vintages before 2005, have a shaded pole (SP) motor on the fan, as the assumption.  For vintages 2005 or later, DEER assumes a more efficient baseline with a permanent split capacitor (PSC) motor. Title 20 governs walk-in cooler fan motors but not fan motor controllers. Because this measure is not governed by either State or Federal codes or standards, there are no minimum code requirements for this measure.
1.6 Base Cases & Measure Effective Useful Lives
Evaporator fan controllers have an effective useful life of 16 years as stated in the DEER 2008 EUL Summary.

1.7 Net-to-Gross Ratios for Different Program Strategies
Net to Gross values are from the DEER, Database for Energy-Efficient Resources, Version 2011 4.04. The 2011 updated Net-To-Gross ratio for Energy Efficiency Measures with no evaluated NTG, but have a consistent delivery mechanism for more than 2 years is shown in Table 2 below.

Table 2:  Net-to-Gross Ratios

	NTGR_ID*
	Description*
	Sector*
	BldgType*
	ProgDelivID
	NTG*

	Com-Default>2yr
	All other EEMs with no evaluated NTGR; existing EEM in programs with same delivery mechanism for more than 2 years
	Com
	Any
	All
	0.6


Section 2. Calculation Methods
The annual energy savings values from DEER XE "DEER"  for evaporator fan controls (DEER ID D03-210) are given per evaporator fan motor. Based on industry experience and engineering judgment, we have assumed that the average evaporator case contains two evaporator fan motors. We have also assumed that each controller installed under this measure (R53 Evaporator Fan Controller) will control a single evaporator case. Therefore, the savings for this measure are based on controlling two evaporator fans per controller. That is, the claimed savings for this measure are twice the values from the DEER data, which are based on controlling a single evaporator fan motor.

The DEER savings are averaged across vintages older than 2005 and savings is reported with an average vintage for each climate zone. 

2.1 Electric Energy Savings Estimation Methodologies
Energy savings is achieved by reducing fan usage and therefore, also reducing the refrigeration load.  The savings calculations are based on DEER XE "DEER"  methodology for Measure ID D03-210 across all applicable vintages and climate zones.  The measure is defined as cycling the evaporator fan off at least 75% of the time during off cycle. 
2.2 Demand Reduction Estimation Methodologies
Demand saving is achieved by reducing the refrigeration load by decreasing the heat given off by the fan.  DEER XE "DEER"  has provided savings numbers across all vintages and climate zones.  This work paper averages the vintages of buildings older than 2005 for each climate zone and multiplies by 2 for assumption that each controller has two motors.  

2.3 Gas Energy Savings Estimation Methodologies

There are no gas energy savings for this measure.  Even though 2005 DEER shows gas savings, there is no natural gas heating in a walk-in cooler or freezer so there are no interactive effects.
Section 3. Load Shapes

Load Shapes are an important part of the life-cycle cost analysis of any energy efficiency program portfolio.  The net benefits associated with a measure are based on the amount of energy saved and the avoided cost per unit of energy saved.  For electricity, the avoided cost varies hourly over an entire year.  Thus, the net benefits calculation for a measure requires both the total annual energy savings (kWh) of the measure and the distribution of that savings over the year.  The distribution of savings over the year is represented by the measure’s load shape.  The measure’s load shape indicates what fraction of annual energy savings occurs in each time period of the year.  An hourly load shape indicates what fraction of annual savings occurs for each hour of the year.  A Time-of-Use (TOU) load shape indicates what fraction occurs within five or six broad time-of-use periods, typically defined by a specific utility rate tariff.  Formally, a load shape is a set of fractions summing to unity, one fraction for each hour or for each TOU period.  Multiplying the measure load shape with the hourly avoided cost stream determines the average avoided cost per kWh for use in the life cycle cost analysis that determines a measure’s Total Resource Cost (TRC) benefit. 
3.1 Base Case Load Shapes

The base case load shape is expected to follow a typical non-residential refrigeration end use load shape.
3.2 Measure Load Shapes
For purposes of the net benefits estimates in the E3 calculator, what is required is the load shape that ideally represents the difference between the base equipment and the installed energy efficiency measure.  This difference load profile is what is called the Measure Load Shape and would be the preferred load shape for use in the net benefits calculations.  

The E3 Calculator contains a fixed set of load shapes selections that are the combination of the hourly avoided costs and the load shape data that was available at the time of the tool’s creation. The most common occupancy types for this measure include Grocery and Restaurants.  In the E3 Calculator, the Measure Electric End Use Shape for refrigeration (Fridge) is the best representation of the measure load shape for both occupancy types.
Section 4. Base Case & Measure Costs
The DEER XE "DEER"  Measure Cost Data Users Guide XE "DEER Measure Cost Data Users Guide" , version 2.01, defines the following terms:

· Retrofit XE "Retrofit"  (RET) – replacing a working technology prior to failure.

· Replace on Burnout XE "Replace on Burnout"  (ROB) – replacing a technology at the end of its useful life.

· New Construction XE "New Construction"  (NEW) – installing a technology in a new construction or major renovation project.

Evaporator fan controller is considered a retrofit (RET) measure and the incremental measure cost is equal to the full measure cost, ie. The cost of equipment and labor to install.

4.1 Base Cases Costs

The base case assumes the walk-in evaporator fans are not equipped with controllers. According to DEER 2008 there is no cost ($0.00 per unit) associated with the base case.
4.2 Measure Costs

According to DEER 2008 the material costs are $69.69 per motor
 which is $139.38 per controller.
4.3 Incremental & Full Measure Costs

DEER XE "DEER"  lists this measure application as a retrofit (RET) measure and so the cost is the full, installed cost. DEER XE "DEER"  provides cost data covering both labor and equipment, the sum of which is the full cost of the measure per motor.  This document assumes there are two motors per controller and the data has been adjusted to reflect the change in the unit definition.  According to DEER 2008, the incremental equipment cost is $69.69 and labor cost of $92.06 per motor5.  The full, installed cost is equal to $323.50 per controller. 
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