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[bookmark: _Toc304800192][bookmark: _Toc324318330][bookmark: _Toc324340474][bookmark: _Toc324433427][bookmark: _Toc448135861]At-a-Glance Summary
	Measure Codes
	ShwFLr005, ShwFLr006
	ShwFLr007, ShwFLr008

	Measure Description
	The Auto-diverting tub spout (5.0 gpm) with thermostatic shut-off valve purges cold water through tub spout until the water raises to 95° F.  The water is then diverted to the showerhead at a trickle until full flow (1.5 gpm) is activated via the pull cord.
	The Auto-diverting tub spout (5.0 gpm) with thermostatic shut-off valve purges cold water through tub spout until the water raises to 95° F.  The water is then diverted to the showerhead at a trickle until full flow (1.5 gpm) is activated via the pull cord.

	Base Case Description
	5.0 gpm tub spout with a 2.0 gpm showerhead combo
	5.0 gpm tub spout with a 1.8 gpm showerhead combo

	Units
	Each
	Each

	Energy Savings
	Refer to Excel Saving Calculation Attachment A
	Refer to Excel Saving Calculation Attachment A

	Full Measure Cost ($/unit)
	$119.99
	$119.99

	Incremental Measure Cost ($/unit)
	$94.00
	$91.38

	Effective Useful Life
	10 years (DEER EUL ID: WtrHt-WH-Shrhd)
	10 years (DEER EUL ID: WtrHt-WH-Shrhd)

	Measure Installation Type
	New Construction (NEW/NC), Replace on Burnout (ROB)
	Early Retirement (ER)

	Net-to-Gross Ratio
	0.7 (DEER NTGR ID: All-Default<=2yrs)
0.85 (DEER NTGR ID : Res-Default-HTR-di)
	0.7 (DEER NTGR ID: All-Default<=2yrs)
0.85 (DEER NTGR ID : Res-Default-HTR-di)

	Important Comments
	Calculated water savings for single family and multifamily are 1806.95 and 2017.62 gallons per year respectively. 
This Workpaper has a complementary Ex Ante Database dataset that will be provided in a separate submission to the California Public Utilities Commission (CPUC).
	Calculated water savings for single family and multifamily are 1806.95 and 2017.62 gallons per year respectively. 
This Workpaper has a complementary Ex Ante Database dataset that will be provided in a separate submission to the California Public Utilities Commission (CPUC).
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[bookmark: _Toc448135864]Section 1. General Measure & Baseline Data
1.1 [bookmark: _Toc448135865][bookmark: _Toc214003083]Measure Description & Background 
[bookmark: _Ref446677482][bookmark: _Ref446331635]For users intending to save energy and water during showers this measure offers a unique option, not until recently, available in the market. The Auto-diverting Tub Spout (ADTS) with thermostatic shut-off valve (TSV) replaces tub spouts and showerheads in the residential market with shower-bathtub combos (62% of all showers[footnoteRef:1]).  With behavioral waste continuing to be a significant problem[footnoteRef:2] during shower warm-ups along with leaky tub spouts[footnoteRef:3] new technologies are needed.  This measure saves energy and water by reducing shower warm-up waste, replaces leaky tub spouts, and lowering the showerhead flowrate.  Mobile home savings are the same as single-family home savings and will not have a separate energy impact profile.  NEW and ROB measures types will use code baseline from 2016 – 2.0 gpm showerhead. ER measure type will use code baseline from 2018 – 1.8 gpm due to the RUL of 3 years. [1:  Residential End Uses of Water (Mayer, 1999)]  [2:  Disaggregating Residential Shower Warm-Up Waste (Sherman, 2014)]  [3:  Leaking Shower Diverters (Taitem Engineering, 2011)] 


[bookmark: _Toc448135894]Base, Standard, and Measure Cases
	Case
	Description of Typical Scenario

	Measure
	Auto-diverting Tub Spout (5.0 gpm) with thermostatic shut-off valve and 1.5 gpm showerhead

	Existing Condition
	5.0 gpm tub spout with a 2.25 gpm showerhead

	Code/Standard (2016)
	5.0 gpm tub spout with a 2.0 gpm showerhead

	Code/Standard (2018)
	5.0 gpm tub spout with a 1.8 gpm showerhead

	Industry Standard Practice
	N/A



[bookmark: _Toc448135895]Measures and Codes
	Measure Codes
	Measure Name

	SCG
	SDG&E
	SCE
	PG&E
	

	ShwFLr005
	
	
	
	Auto-diverting Tub Spout with thermostatic shut-off valve Showerhead (1.5 gpm) –Gas

	ShwFLr006
	
	
	
	Auto-diverting Tub Spout with thermostatic shut-off valve Showerhead (1.5 gpm) –Electric

	ShwFLr007
	
	
	
	Auto-diverting Tub Spout with thermostatic shut-off valve Showerhead (1.5 gpm) –Gas

	ShwFLr008
	
	
	
	Auto-diverting Tub Spout with thermostatic shut-off valve Showerhead (1.5 gpm) –Electric



Describe requirements for these measures, including:
· Eligibility requirements: Water heating source using natural gas or electricity distributed by IOU.  The measure cannot be applied where tankless water heaters are used.  Instantaneous tankless water heaters may have different effect on savings with thermostatic shut-off valves.  Not compatible with showers containing a wall mounted diverter
· Implementation and installation requirements: Measures presented in this Workpaper apply to single-family, mobile, and multi-family residential households.  
· Other program restrictions and guidelines: Make and model number must be included with a copy of the purchase receipt.  Product must be certified by International Association of Plumbing and Mechanical Officials (IAPMO). 
[bookmark: _Toc448135866]1.2 Technical Description
The ATDS with TSV helps to reduce structural waste, diminish behavioral waste to a trickle, stop tub spout leak and lowers the showerhead flow rate to 1.5 gpm.   These benefits are realized through the use of a flow diverter and TSV within the tub spout that detects when water reaches 95° F.  The technology purges the cold water in the shower piping through the spout causing faster hot water arrival water with less water (structural waste)2.  Once the hot water arrives, the diverter changes the flow direction to the showerhead where the water flow is reduced to a trickle with no tub spout leak.  Then the user simply pulls the lanyard on the showerhead to open the valve and allow normal water flow. 
[bookmark: _Toc448135893] How the ADTS System Works
[image: ]
[image: ]
[bookmark: _Toc448135867]1.3 Installation Types and Delivery Mechanisms
The Tub Spout will be offered as a direct install and as a downstream rebate.  These delivery channels were selected to deliver the Tub Spout since they are the same as current low flow showerhead program.

[bookmark: _Toc448135896]Installation Type Descriptions
	Installation Type
	Savings
	Life

	
	1st Baseline (BL)
	2nd BL
	1st BL
	2nd BL

	Replace on Burnout (ROB)
	Above Code or Standard
	N/A
	EUL
	N/A

	New Construction (NEW/NC)
	Above Code or Standard
	N/A
	EUL
	N/A

	Retrofit or Early Replacement (RET/ER)
	Above Customer Existing
	Above Code or Standard
	RUL
	EUL-RUL



A delivery mechanism is a delivery method paired with an incentive method. Delivery mechanisms are used by programs to obtain program participation and energy savings.

[bookmark: _Toc448135897]Delivery Method Descriptions
	Delivery Method
	Description

	Financial Support
	The program motivates customers, through financial incentives such as rebates or low interest loans, to implement energy efficient measures or projects.

	New Construction
	The program offers financial incentives and/or design assistance to customers involved with new building construction. This is intended is to motivate customer to exceed Title 24 building energy efficiency requirements (residential or nonresidential).




[bookmark: _Toc448135898]Incentive Method Descriptions
	Incentive Method
	Description

	Direct Install
	The program implements energy efficiency measures for qualifying customers, at no cost to the customer.

	Down-Stream Incentive
	The customer installs qualifying energy efficient equipment and submits an incentive application to the utility program. Upon application approval, the utility program pays an incentive to the customer. Such an incentive may be deemed or customized.


[bookmark: _Toc214003084][bookmark: _Toc448135868]1.4 Measure Parameters
[bookmark: _Toc448135869]1.4.1 DEER Data
There are currently no DEER measures that apply to this type of technology.

[bookmark: _Toc385592671][bookmark: _Toc448135899][bookmark: _Toc214003087]DEER Difference Summary
	DEER Item
	Used for Workpaper?

	Modified DEER methodology
	No

	Scaled DEER measure
	No

	DEER Base Case
	No

	DEER Measure Case
	No

	DEER Building Types
	Yes

	DEER Operating Hours
	No

	DEER eQUEST Prototypes
	No

	DEER Version
	DEER 2016

	Reason for Deviation from DEER
	DEER does not contain this type of measure.

	DEER Measure IDs Used
	N/A


Net-to-Gross Ratio
[bookmark: _Ref446333092]The NTG values were obtained using the DEER READI tool[footnoteRef:4]. The relevant NTG values for the measures in this Workpaper are in the table below.  This is a new technology that varies from the standard low flow showerhead and thermostatic shut-off valve. [4:  (Remote Ex-Ante Database Interface, 2015)] 


[bookmark: _Toc448135900]NTGR ID
	NTGR ID
	Description
	Sector
	BldgType
	Measure Delivery
	NTGR

	All-Default <=2yrs
	All other EEM with no evaluated NTGR; new technology in program for 2 or fewer years
	All
	Any
	Any
	0.7

	Res-Default-HTR-di
	All other EEM with no evaluated NTGR; direct install hard-to-reach only.
	Res
	Any
	DirInstall
	0.85


*Direct install measures that are not hard-to-reach will use the default NTG value.

Spillage Rate
Spillage rates are not tracked in Workpapers; they are tracked in an external document which will be supplied to the Commission Staff.

Installation Rate
The GSIA ID for low flow showerheads with flow restrictor valve and without flow restrictor valve is the closest technology description to the ADTS with TSV.  Neither of the GSIA IDs are applicable to this Workpaper because of the forced tub spout warm-up and the type of installation required for this technology.  The default GSIA ID is used.  The GSIA values were obtained using the DEER READI tool4. The relevant IR values for the measures in this Workpaper are in the table below.

[bookmark: _Toc448135901]GSIA ID
	GSIA ID
	Description
	Sector
	BldgType
	ProgDelivID
	GSIAValue

	Def-GSIA
	Default GSIA values
	Any
	Any
	Any
	1



Effective and Remaining Useful Life
The EUL and RUL values were obtained using the DEER READI tool4. DEER defines the RUL as 1/3 of the EUL value. The RUL value is only applicable to the first baseline period for an RET measure with an applicable code baseline. The DEER effective useful life for low-flow showerheads was employed as the technologies are subjected to very similar conditions and would be expected to have approximately the same EUL of 10 years[footnoteRef:5].  The relevant EUL and RUL values for the measures in this Workpaper are in the table below. [5:  Tub Spout Flow-Reduction Systems Test (Hsia, 2015)] 


[bookmark: _Toc448135902]EUL ID
	EUL ID
	Description
	Sector
	UseCategory
	EUL (Years)
	RUL (Years)

	WtrHt-WH-Shrhd
	Low-Flow Showerhead
	Res
	SHW
	10
	3.3



[bookmark: _Toc448135870]1.4.2 Codes and Standards Analysis 
[bookmark: _Toc448135903]Code Summary
	Code
	Reference
	Effective Dates

	[bookmark: _Ref446344400]Title 20 (2014)[footnoteRef:6] [6:  Water Appliance Amendments (California Energy Commision, 2016)] 

	Section 1605.3
	July 1, 2016



[bookmark: _Toc448135904]Standards for Showerheads
	Appliance
	Maximum Flow Rate

	
	Manufactured on or after January 1, 1994 and prior to July 1, 2016
	Manufactured on or after July 1, 2016 and prior to July 1, 2018
	Manufactured on or after July 1, 2018

	Showerheads
	2.5 gpm at 80 psi
	2.0 gpm at 80 psi
	1.8 gpm at 80 psi


*Taken from Title 20 Section 1605.3 Table H-5
[bookmark: _Toc304800207][bookmark: _Toc324318343][bookmark: _Toc324340487][bookmark: _Toc383441992][bookmark: _Toc448135871][bookmark: _Toc214003090]1.5 EM&V, Market Potential, and Other Studies – Base Case and Measure Case Information
In order to establish saving conservative values were chosen.
[bookmark: _Toc448135872]1.5.1 Disaggregating Residential Shower Warm‐Up Waste (Sherman 2014) 
An Understanding and Quantification of Behavioral Waste Based On Data from Lawrence Berkeley National Lab

	Type
	Analysis of shower water waste data

	Author
	Troy Sherman of Evolve Technologies LLC

	Completion Date
	August 2014

	Time Frame
	2013 to 2014

	Market Covered
	Single Family

	Techniques Used
	1,057 Survey respondents and 19 homes monitored throughout California

	Relevance/Impacts
	This study quantifies structural waste and behavioral waste time frames due to shower warm-ups in single family homes. The data and findings from this study help establish the base case consumption and water savings for this Workpaper.

	Concerns (Survey Techniques, # of respondents, etc…)
	The flow rate average of the dedicated showers and tub/shower combos participating in the study was 1.79 gpm. This average is significantly below the typical 2.2 gpm flow rates sited in multiple REUW studies. The lower average flow rates indicate the study’s participants are likely more conservation oriented than average and, as a result, could be producing less total warm-­‐up waste than typical.  Data does not take multifamily residents into consideration, but is used in Workpaper as best available data.


[bookmark: _Toc448135873]1.5.2 Evaluation of Potential Best Management Practices – Residential Hot Water Distribution (Koeller 2007)
An analysis of the waste of water that occurs in a typical household between the times the tap/fixture is turned on and desired useful hot water arrives.

	Type
	Research on structural water waste

	Author
	John Koeller of Koeller and Company

	Completion Date
	October 2006

	Time Frame
	2005

	Market Covered
	Single Family and multifamily

	Techniques Used
	Laboratory tests

	Relevance/Impacts
	This study quantifies structural waste in terms of water in pipe (100 ft. of pipe).  The study focuses on how various flow rates affect structural waste.

	Concerns (Survey Techniques, # of respondents, etc…)
	No concerns


[bookmark: _Toc448135874]1.5.3 Taitem Tech Tip – Leaking Shower Diverters (Taitem 2011)
Diverter valves with leaks in shower mode waste both water and energy.

	Type
	Research on leaking shower diverters

	Author
	Taitem Engineering

	Completion Date
	2011

	Time Frame
	2011

	Market Covered
	Single Family and multifamily

	Techniques Used
	Survey of 130 apartment and houses with 120 bath/shower units w/ diverters

	Relevance/Impacts
	Study found that 34% of the diverters leaked more than 0.1 gallons per minute (gpm) with the average at 0.8 gpm.  

	Concerns (Survey Techniques, # of respondents, etc…)
	No concerns


[bookmark: _Toc448135875]1.5.4 Residential End Uses of Water (REUW 1999)
Study designed to provide specific data on the end uses of water in single-family residential settings across the country.

	Type
	Study on single family end use of water

	Author
	Peter W. Mayer and William B. DeOreo of Aquacraft, Inc. 

	Completion Date
	1999

	Time Frame
	1996 to 1997

	Market Covered
	Single Family

	Techniques Used
	Survey of 5,000 households and detailed end use study of 1,200 households.

	Relevance/Impacts
	Mean shower volume is 17.2 gallons  

	Concerns (Survey Techniques, # of respondents, etc…)
	No concerns


[bookmark: _Toc448135876]1.5.5 SEU Survey conducted by ASW (ASW 2009)
Data from various residential water measurements and household questionnaire responses from Feb to May 2009

	Type
	Survey on residential water use

	Author
	ASW

	Completion Date
	2009

	Time Frame
	February to May 2009

	Market Covered
	Single Family

	Techniques Used
	Survey of 249 households.

	Relevance/Impacts
	Mean number of showerheads in single family household is 2.01.  Pre-existing showerheads flow rate is 2.25 gpm.

	Concerns (Survey Techniques, # of respondents, etc…)
	No concerns


[bookmark: _Toc448135877]1.5.6 The End Use of Hot Water in Single Family Homes from Flow Trace Analysis (Aquacraft 2000)
Single family hot water use study.

	Type
	Study on single family end use of hot water

	Author
	Peter W. Mayer and William B. DeOreo of Aquacraft, Inc. 

	Completion Date
	2000

	Time Frame
	October 1999 – 14 days

	Market Covered
	Single Family

	Techniques Used
	Survey and measurements of 10 Seattle homes.

	Relevance/Impacts
	Water trace data from ten single family homes in Seattle (Aquacraft, Inc.,  2000) showed that the mean shower duration is 7.4 minutes.  Another measurement study of residential end use of water by AWWA Research Foundation (REUW 1999) shows the similar data, a median of 7.2 minutes and a mean of 8.2 minutes, for shower duration.  Shower duration of 7.4 minutes, along with other assumptions used in this Workpaper, results in more realistic baseline shower water consumption that is equivalent to about 33% of the total domestic hot water consumption

	Concerns (Survey Techniques, # of respondents, etc…)
	Low sample size.  


[bookmark: _Toc448135878]1.6 Data Quality and Future Data Needs
There is currently no single study which is recognized as a statewide acceptable report on the use of hot water in tub/shower combos for single family and multifamily units.  The studies listed above are the best available data.  Further research is needed both in the area of hot water usage in tub/shower combos (including warm-up practices) and current pre-existing conditions for both tub spout and showerhead.  Due to the recent and upcoming code changes for showerhead flow rates in combination with the current drought in California the pre-existing showerhead flow rates should be revisited.
[bookmark: _Toc448135879]Section 2. Calculation Methodology
[bookmark: _Toc448135880][bookmark: _Toc214003093]2.1 Methodology 
SoCal Gas completed three steps to estimate ex ante energy savings: 
1. Establish Base Case Water Usage:
· Structural waste (time hot water takes to reach the water fixture)
· percentages of showerhead warm up versus tub spout warm up
· Behavioral waste (time user takes to enter shower minus structural waste time)
· Percentages of tub spout warm up while multitasking
· Tub spout leak percentage and rate
· Shower time and water usage
· Showerhead and tub spout flow rate
· Showers mixed daily water usage - single family and multifamily
· Showers per day - single families and multifamily
2. Calculate Water Savings due to:
· Forced tub spout warm-up
· Removal of behavioral waste
· Removal of tub spout leak
· Reduction in Showerhead flow rate
3. Convert Water Savings to Energy Savings.
· Convert water savings to therm savings
· Convert therm savings to kWh savings
· Calculate kW savings from kWh savings
[bookmark: _Toc448135881]2.2 Calculations
The energy saved comes from four different pieces.  First part from structural waste, second from behavioral waste, third from leaky tub spout, and the fourth from reduced water flow during shower.  Calculations resulted in similar findings as found in “Auto-Diverting Tub Spout System with ShowerStart TSV”.[footnoteRef:7] [7:  (Sherman, Auto-Diverting Tub Spout System with ShowerStart TSV, 2015)] 

[bookmark: _Toc448135882]2.2.1 Data, Assumptions, and Conversion Factors
The table below summarizes the base case assumptions and data derived from studies.







[bookmark: _Toc448135905]Base Case Parameters and Assumptions
[image: ]

Showerhead Flow Rate
[bookmark: _Ref446676608]With previous established 2.25 gpm in preexisting condition[footnoteRef:8] and the recent code update to 2.0 gpm6 it was decided to use code as the current code baseline and 1.8 gpm for early retirement code baseline due to the 3 year RUL period. [8:  SEU Survey Conducted by ASW (ASW, 2009)] 


Tub Spout Flow Rates
With limited studies on tub spout flow rates a market assessment shows significant spouts available above 5 gpm.  Since 5 gpm is the flow rate of the ADTS, it was chosen as the baseline flowrate so no savings would be derived from the tub spout flow rate alone.

Mixed Daily Water for Showers
[bookmark: _Ref447874682]The 2013-2014 domestic hot water fixture disposition[footnoteRef:9] set the mixed daily water for shower usage with a 2.25 gpm showerhead.  The ratio of the values 2.25 gpm over 2.0 gpm showerhead were used to calculate the baseline mixed daily water usage. Mixed daily water usage is used to calculate the number of showers take per day. [9:  Water Fixture Disposition (CPUC, 2013)] 


Structural Waste
In tub/shower combos the user has the option to purge the cold water via the showerhead or the tub spout.  Tub spout warm-ups are found to save both time and energy when compared to showerhead warm-ups due to the faster gpm[footnoteRef:10].  Tub spout warm-ups are found to occur during 40% of the time in tub/shower combos2.  Structural waste time is calculated by subtracting out the behavioral waste time from the total warm-up waste time. [10:  Residential Hot Water Distribution (Koeller & Klein, 2007)] 


Behavioral Waste
From the time when the water reaches desired temperature till the user gets in the shower.  Because of the faster warm-up with a tub spout it is more likely that the user will sit near the tub to wait for hot water before entering the shower.  This does not always occur and 58% of users initiating a tub spout warm-ups were found to multitask during warm-up2.  Behavioral waste time varies and as such a conservative value was taken2.

Weighted Average Showerheads per Household
The survey data from SEU territories7 was averaged to be 2.01 showerheads per single-family household.  Acquired data from the U.S. Census Bureau[footnoteRef:11] was used to calculate the weighted average showerheads per household for the multi-family residences.  The data for number of bathrooms per household for new construction of multi-family units between the years 1978-2014 was used.  After the weighted average was calculated, the result was rounded up to the nearest tenth.  Savings are conservative since rounding this number up results in lower savings.  The calculations are shown in the appendix. [11:  Bathrooms (US Census, 2014)] 


Shower duration
Water trace data from ten single family homes in Seattle (Aquacraft, Inc.,  2000)[footnoteRef:12] showed that the mean shower duration is 7.4 minutes.  Another measurement study of residential end use of water by AWWA Research Foundation (REUW 1999)1 shows the similar data, a median of 7.2 minutes and a mean of 8.2 minutes, for shower duration.  Shower duration of 7.4 minutes, along with other assumptions used in this Workpaper, results in more realistic baseline shower water consumption that is equivalent to about 33% of the total domestic hot water consumption. [12:  The End Use of Hot Water in Single Family Homes from Flow Trace Analysis (Mayer & DeOreo, 2000)] 


Showerhead Temperature
For low flow showerheads, the outlet water heater temperature is assumed to be 106ºF to account for tempering of the hot water with cold water to establish full shower flow, as obtained from the ASW survey study in SEU territories.  Hot water does not comprise the entire shower flow, so evaluating a smaller water heater temperature rise limits the water heater energy attributable to entire shower flow. The water temperature entering the heater varies with climate zones according to the 2013 Title 24[footnoteRef:13] weather data. [13:  (2013 Building Energy Efficiency Standards, 2013)] 


Gas Water Heater Efficiencies
To convert the water heating load to energy use at the water heater, the recovery efficiency (RE) is used.  A weighted value of 0.813 is derived from the current CEC maintained Title 20 Appliance Database[footnoteRef:14] (downloaded on March 25, 2016) of natural-gas fired, storage-type water heaters without limit to the listed EF.  A RE of 0.98 is used for Electric Water heaters, taken from 2013-2014 Water Fixture Disposition8. [14:  (California Energy Commission Appliance Efficiency Database, 2016)] 

[bookmark: _Toc448135883]2.2.2 Establish Base Case Water Usage
Base case water usage is broken into three parts: structural, behavioral, and shower usage.

Structural Usage
	(StWt)
	Structural Waste (Time) =
	
	
	

	
	BWt / BWp - BWt =
	
	
	33
	 sec/Warm-up 

	
	
	
	
	
	
	

	(TslStw)
	Tub Spout Leak during Structual Waste Time
	
	

	
	StWt / C1 * TslR  =
	
	
	0.440
	 gal/Warm-up 

	
	
	
	
	
	
	

	(ShStw)
	Shower Structure Waste =
	
	
	

	
	StWt / C1 * ShFr  =
	
	
	1.10
	 gal/Warm-up 

	
	
	
	
	
	
	

	(WtP)
	Amount of Water in Pipe =
	
	
	

	
	ShStw / SP =
	
	
	0.85
	 gal 

	
	
	
	
	
	
	

	(TsStw)
	Tub Structure Waste =
	
	
	
	

	
	WtP * TsWuPWt =
	
	
	0.89
	 gal/Warm-up 

	
	
	
	
	
	
	

	(WStwTslW)
	Weighted Structural Waste w/ Tub Spout Leak Weighted=
	

	
	(ShStw + TslStw * TslP) * ShWu + TsStw * TsWu =
	1.11
	 gal/Warm-up 




Behavioral Usage

	(TsBwP)
	Tub Spout Behavioral Waste (Percentage) =
	
	

	
	TMWu * TsWu =
	
	
	23%
	 % 

	
	
	
	
	
	
	

	(TslBw)
	Tub Spout Leak during Behavioral Waste
	
	

	
	BWt / C1 * TslR  =
	
	
	0.627
	 gal/Warm-up 

	
	
	
	
	
	
	

	(ShBw)
	Shower Behavioral Waste =
	
	
	

	
	BWt / C1 * ShFr =
	
	
	1.57
	 gal/Warm-up 

	
	
	
	
	
	
	

	(TsBw)
	Tub Behavioral Waste =
	
	
	

	
	BWt / C1 * TSFr =
	
	
	3.92
	 gal/Warm-up 

	
	
	
	
	
	
	

	(WBwTslW)
	Weighted Behavioral Waste w/ Tub Spout Leak Weighted=

	
	(ShBw + TslBw * TslP) * ShWu + TsBw * Bwp =
	1.98
	 gal/Warm-up 




Shower Usage
	(ASht)
	Actual Shower Time =
	
	
	

	
	Sht - (StWt + BWt) / C1 =
	
	6.07
	 min 

	
	
	
	
	
	
	

	(AShtWuTslW)
	Actual Shower Time Water Usage W/ Tub Spout Leak Weighted=

	
	Asht * (ShFr + TslR * TslP) = 
	
	13.78
	 gal/shower 



[bookmark: _Toc448135884]2.2.3 Calculating Water Savings
Water savings come from the forced tub spout warm-up, removal of behavioral waste, removal of tub spout leak, and reduction in showerhead flow rate.

Forced Tub Spout Warm-up

	(TsStw)
	Tub Structure Waste =
	
	
	
	

	
	WtP * TsWuPWt =
	
	
	0.89
	 gal/Warm-up 

	
	
	
	
	
	
	

	(WStwTslW)
	Weighted Structural Waste w/ Tub Spout Leak Weighted=
	

	
	(ShStw + TslStw * TslP) * ShWu + TsStw * TsWu =
	1.11
	 gal/Warm-up 

	
	
	
	
	
	
	

	(StWtrS)
	Structural Water Savings =
	
	

	
	WStwTslW - TsStw=
	
	0.21
	 gal/Warm-up 



Removal of Behavioral Waste
	(WBwTslW)
	Weighted Behavioral Waste w/ Tub Spout Leak Weighted=

	
	(ShBw + TslBw * TslP) * ShWu + TsBw * Bwp =
	1.98
	 gal/Warm-up 

	
	
	
	
	
	
	

	(BWtrS)
	Behavioral Water Savings = 
	
	

	
	WBwTslW – 0 =
	1.98
	 gal/Warm-up 



Removal of Tub Spout Leak and Reduction in Showerhead Flow Rate
A 2.0 gpm Showerhead flowrate is used in the base case (AShtWuTslW) formula and 1.5 in the proposed case (AShtWuP) formula.
	(AShtWuTslW)
	Actual Shower Time Water Usage W/ Tub Spout Leak Weighted=

	
	Asht * (ShFr + TslR * TslP) = 
	
	13.78
	 gal/shower 

	
	
	
	
	
	
	

	(AShtWuP)
	Actual Shower Time Water Usage W/out Tub Spout Leak =

	
	Asht * ShFr = 
	
	9.10
	 gal/shower 

	
	
	
	
	
	
	

	(ShtWtrS)
	Shower Time Water Savings =
	
	

	
	AShtWuTslW - AShtWuP = 
	
	
	4.68
	 gal/shower 



Total Shower Water Savings
	(TShWtrS)
	Total Shower Water Savings w/ Tub Spout Leak Weighted=
	

	
	StWtrS + BWtrS + ShtWtrS
	
	
	6.87
	 gal/shower 



Annual Single Family Water Savings
	(SFMDW – 2.0 gpm)
	Single Family Mixed Daily Water =
	
	

	
	
	        24.90 
	gal/day

	
	
	
	
	
	

	(SFSpD)
	SF Showers per Day - Showerhead =
	
	

	
	SFMDW / (TShWuPr * SFSh) =
	0.72
	 showers/day 

	
	
	
	
	
	

	(SFWtrS)
	SF Water Savings =
	
	

	
	TShWtrS * SFSpD * 365 days/year =
	1806.95
	 gal/year 


												

Annual Multifamily Water Savings
	(MFMDW – 2.0 gpm)
	Multifamily Mixed Daily Water =
	
	

	
	
	        20.75 
	gal/day

	
	
	
	
	
	

	(MFSpD)
	MF Showers per Day - Showerhead =
	
	

	
	MFMDW / (TShWuPr * MFSh) =
	0.80
	 showers/day 

	

	(MFWtrS)
	MF Water Savings =
	
	

	
	TShWtrS * MFSpD * 365 days/year =
	2017.62
	 gal/year 



[bookmark: _Toc448135885]2.3.4 Convert Water to Energy Savings

Water to Gas Savings
The natural gas savings is equal to the energy required to raise the volume of water saved from ground water temperature to the water temperature at the showerhead. The values and equation used to make the conversion is shown below.

 
where,
· 
· 
· 
· Tout = 106 °F; Water Temp at Showerhead 
· Tin = Climate Zone Specific; Cold Water Temperature 
· REGas = 0.813; Recovery Efficiency 
· 

Water to Electric Savings
The Electric savings (kWh) is equal to the energy required to raise the volume of water saved from ground water temperature to the water temperature at the showerhead. The power consumption (kW) is defined by the percentage of the daily hot water consumed during peak period.

where,
· REElec = 0.98; Recovery Efficiency 
· 

where,
· Epp = 0.11; Percentage of daily DHW energy consumption during peak period
[bookmark: _Toc448135886]Section 3. Load Shapes
Load shapes are used for portfolio lifecycle cost analysis. A load shape indicates the distribution of a measure’s energy savings over one year. A load shape is a set of fractions summing to unity, with one fraction per hour (or other time period). Multiplying a savings value by the load shape value for any particular hour yields the energy savings for that particular hour. 

The ideal load shape for net benefits estimates would represent the difference between the base case and measure case. The closest load shapes that are applicable to the measures in this Workpaper are listed in the table below.
[bookmark: _Toc448135906]Building Types and Load Shapes
	Building Type
	Load Shape
	E3 Alternate Building Type

	Residential Mobile Home - Double-Wide
	Residential
	HeatPump_WtrHt-RC

	Residential Multi-family
	Residential
	HeatPump_WtrHt-RC

	Residential Single Family
	Residential
	HeatPump_WtrHt-RC


[bookmark: _Toc448135887]Section 4. Costs
[bookmark: _MON_1399297811][bookmark: _Toc214003097][bookmark: _Toc448135888]4.1 Base Case Cost
Available DEER cost data for low flow showerheads comes from DEER 2008 and the 2010-2012 Measure Cost Study (MCS).  MCS was used for labor/installation cost data, but since no GPM was listed for the showerhead a vendor cost study was performed for showerhead and tub spout cost.  Cost data can be found in Attachment B.

[bookmark: _Toc448135907]Base Case Cost
	Measure Code
	Product Description
	Equipment Cost
	Labor/ Installation Cost
	Maintenance/ Other Cost
	Total Base Case Cost

	ShwFLr005, ShwFLr006
	2.0 GPM Showerhead
	$38.62
	$15.67
	
	$54.29

	ShwFLr007, ShwFLr008
	1.8 GPM Showerhead
	$41.23
	$15.67
	
	$56.91

	ShwFLr005, ShwFLr006,
ShwFLr007, ShwFLr008
	5.0 GPM Tub Spout with Diverter
	$28.03
	$15.67
	
	$43.70

	ShwFLr005, ShwFLr006
	Showerhead and Tub Spout with Diverter
	$66.65
	$31.34
	
	$97.99


	ShwFLr007, ShwFLr008
	Showerhead and Tub Spout with Diverter
	$69.27
	$31.34
	
	$100.61


[bookmark: _Toc448135889][bookmark: _Toc214003098]4.2 Measure Case Cost
There is no available cost data for this measure.  Labor/installation cost was taken from discussion with contractors and equipment cost came from manufacturer. 

[bookmark: _Toc448135908]Measure Case Cost
	Measure Code
	Product Description
	Equipment Cost
	Labor/ Installation Cost
	Maintenance/ Other Cost
	Total Base Case Cost

	ShwFLr005, ShwFLr006,
ShwFLr007, ShwFLr008
	ADTS w/single-function 1.5 gpm Showerhead & All Quick Connect Mounts
	$119.99
	$72.00
	
	$191.99



[bookmark: _Toc448135890]4.3 Full and Incremental Measure Cost

[bookmark: _Toc448135909]Full and Incremental Measure Cost Equations
	Installation Type
	Incremental Measure Cost
	Full Measure Cost

	
	
	1st Baseline
	2nd Baseline

	ROB
	(MEC + MLC) – (BEC + BLC)
	(MEC + MLC) – (BEC + BLC)
	N/A

	NEW/NC
	
	
	

	RET/ER
	(MEC + MLC) – (BEC + BLC)
	MEC + MLC
	(MEC + MLC) – (BEC + BLC)

	REF
	(MEC + MLC) – (BEC + BLC)
	MEC + MLC
	N/A

	REA
	MEC + MLC
	MEC + MLC
	N/A


MEC = Measure Equipment Cost; MLC = Measure Labor Cost
BEC = Base Case Equipment Cost; BLC = Base Case Labor Cost

[bookmark: _Toc448135910]Full and Incremental Costs
	Measure Code
	Installation Type
	Incremental Measure Cost
	Full Measure Cost

	
	
	
	1st Baseline
	2nd Baseline

	ShwFLr005, ShwFLr006,
	ROB/NC
	$94.00
	$94.00
	N/A

	ShwFLr007, ShwFLr008
	ER
	$91.38
	$191.99
	$91.38


[bookmark: _Toc214003099]

[bookmark: _Toc448135891]Attachments
Attachment A – Tub Spout Calculations



Attachment B – Tub Spout and Showerhead Cost Data 
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Variable Description Source

(ShFr) Showerhead Flow Rate = 2gpm Title 20 (2015) Section 1605.3

(TFr) Tub Spout Flow Rate = 5gpm

1

(C

1

)

Seconds to Minutes = 60sec/min

(SFMDW - 2.25 gpm) Single Family Mixed Daily Water for Showers = 28.01gal/day Disposisiton - For 2.25 gpm

(MFMDW - 2.25 gpm) Multifamily Mixed Daily Water for Showers = 23.34gal/day Disposisiton - For 2.25 gpm

(ShWu) % of Showerhead Warm-up = 60%% Sherman 2014, pg 8

(TsWu) % of Tub Spout Warm-up = 40%% Sherman 2014, pg 5

(SP) Showerhead Warm-up pipe water purged = 130%% Koeller 2007, pg 44‐45

(TsWuPWt) Tub Spout Warm-up pipe water purged =  106%% Koeller 2007, pg 44‐45

(BWt) Behavioral Waste (Time) = 47 sec/shower Sherman 2014, pg 11

(BWp) Behavioral Waste (% of Warm-up Waste) = 59%% Sherman 2014, pg 11

(TMWu) Tub Multitasking Warmup = 58%% Sherman 2014 - pg 5

(TslP) Tub Spout Leak (Percentage) =  34%% Taitem 2011 - pg 2

(TslR) Tub Spout Leak (Rate) = 0.8 gpm Taitem 2011 - pg 2

(TShWuPr) Total Shower Water Usage Pre-existing = 17.2gal/shower REUWS 1999 - pg 102 Table 5.6

(SFSh) Single Family Showerheads =  2.01showerheads ASW study

(MFSh) Multifamily Showerheads =  1.5showerheads US Census

(Sht) Shower Time =  7.4min Aquacraft, Inc., 2000 - pg 8

Base Case
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Tub_Spout_Calculati ons_Rev0.xlsx


Tub_Spout_Calculations_Rev0.xlsx
Measure Summary Table

		Measure Name		Applied To		Target Sector		Measure Type		Delivery Method		Climate Zone		Building Type		Vintage		Units		Dual Baseline		RUL		EUL		NTG Savings		NTG IMC		GRR		 1st Baseline - PDR		 1st Baseline - Kwh Savings		 1st Baseline - Gas Savings		 1st Baseline - BCC		 1st Baseline - MC		 1st Baseline - IMC		 2nd Baseline - PDR		 2nd Baseline - Kwh Savings		 2nd Baseline - Gas Savings		 2nd Baseline - BCC		 2nd Baseline - MC		 2nd Baseline - IMC

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDown		1		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		10.12		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDown		2		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		9.04		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDown		3		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		9.08		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDown		4		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		8.63		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDown		5		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		9.30		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDown		6		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		8.21		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDown		7		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		8.06		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDown		8		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		7.84		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDown		9		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		7.83		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDown		10		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		7.78		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDown		11		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		8.00		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDown		12		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		8.39		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDown		13		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		7.83		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDown		14		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		8.09		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDown		15		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		5.76		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDown		16		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		10.09		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDown		1		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		11.30		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDown		2		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		10.09		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDown		3		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		10.13		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDown		4		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		9.63		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDown		5		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		10.38		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDown		6		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		9.17		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDown		7		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		9.00		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDown		8		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		8.76		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDown		9		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		8.75		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDown		10		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		8.70		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDown		11		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		8.97		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDown		12		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		9.38		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDown		13		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		8.77		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDown		14		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		9.07		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDown		15		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		6.49		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDown		16		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		11.28		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDown		1		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		10.12		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDown		2		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		9.04		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDown		3		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		9.08		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDown		4		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		8.63		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDown		5		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		9.30		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDown		6		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		8.21		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDown		7		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		8.06		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDown		8		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		7.84		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDown		9		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		7.83		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDown		10		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		7.78		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDown		11		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		8.00		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDown		12		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		8.39		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDown		13		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		7.83		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDown		14		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		8.09		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDown		15		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		5.76		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDown		16		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		10.09		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDown		1		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		11.30		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDown		2		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		10.09		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDown		3		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		10.13		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDown		4		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		9.63		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDown		5		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		10.38		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDown		6		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		9.17		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDown		7		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		9.00		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDown		8		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		8.76		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDown		9		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		8.75		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDown		10		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		8.70		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDown		11		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		8.97		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDown		12		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		9.38		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDown		13		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		8.77		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDown		14		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		9.07		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDown		15		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		6.49		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDown		16		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		11.28		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDI		1		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		10.12		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDI		2		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		9.04		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDI		3		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		9.08		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDI		4		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		8.63		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDI		5		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		9.30		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDI		6		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		8.21		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDI		7		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		8.06		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDI		8		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		7.84		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDI		9		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		7.83		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDI		10		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		7.78		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDI		11		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		8.00		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDI		12		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		8.39		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDI		13		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		7.83		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDI		14		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		8.09		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDI		15		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		5.76		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDI		16		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		10.09		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDI		1		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		11.30		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDI		2		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		10.09		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDI		3		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		10.13		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDI		4		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		9.63		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDI		5		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		10.38		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDI		6		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		9.17		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDI		7		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		9.00		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDI		8		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		8.76		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDI		9		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		8.75		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDI		10		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		8.70		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDI		11		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		8.97		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDI		12		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		9.38		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDI		13		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		8.77		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDI		14		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		9.07		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDI		15		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		6.49		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		NC		PreRebDI		16		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0		0		11.28		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDI		1		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		10.12		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDI		2		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		9.04		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDI		3		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		9.08		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDI		4		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		8.63		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDI		5		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		9.30		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDI		6		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		8.21		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDI		7		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		8.06		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDI		8		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		7.84		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDI		9		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		7.83		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDI		10		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		7.78		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDI		11		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		8.00		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDI		12		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		8.39		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDI		13		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		7.83		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDI		14		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		8.09		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDI		15		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		5.76		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDI		16		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		10.09		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDI		1		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		11.30		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDI		2		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		10.09		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDI		3		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		10.13		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDI		4		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		9.63		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDI		5		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		10.38		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDI		6		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		9.17		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDI		7		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		9.00		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDI		8		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		8.76		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDI		9		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		8.75		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDI		10		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		8.70		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDI		11		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		8.97		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDI		12		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		9.38		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDI		13		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		8.77		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDI		14		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		9.07		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDI		15		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		6.49		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Gas		ShwFLr005		RES		ROB		PreRebDI		16		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0		0		11.28		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDown		1		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		236.40		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDown		2		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		211.03		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDown		3		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		211.94		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDown		4		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		201.49		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDown		5		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		217.17		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDown		6		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		191.65		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDown		7		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		188.14		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDown		8		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		183.11		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDown		9		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		182.87		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDown		10		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		181.58		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDown		11		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		186.71		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDown		12		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		195.91		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDown		13		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		182.74		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDown		14		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		188.98		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDown		15		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0.01		134.39		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDown		16		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		235.51		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDown		1		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0.03		263.96		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDown		2		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		235.58		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDown		3		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		236.62		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDown		4		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		224.92		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDown		5		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		242.48		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDown		6		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		214.11		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDown		7		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		210.16		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDown		8		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		204.60		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDown		9		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		204.40		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDown		10		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		203.05		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDown		11		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		209.35		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDown		12		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		219.14		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDown		13		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		204.90		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDown		14		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		211.89		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDown		15		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		151.59		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDown		16		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0.03		263.39		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDown		1		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		236.40		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDown		2		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		211.03		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDown		3		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		211.94		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDown		4		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		201.49		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDown		5		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		217.17		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDown		6		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		191.65		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDown		7		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		188.14		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDown		8		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		183.11		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDown		9		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		182.87		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDown		10		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		181.58		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDown		11		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		186.71		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDown		12		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		195.91		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDown		13		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		182.74		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDown		14		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		188.98		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDown		15		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.01		134.39		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDown		16		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		235.51		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDown		1		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.03		263.96		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDown		2		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		235.58		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDown		3		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		236.62		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDown		4		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		224.92		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDown		5		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		242.48		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDown		6		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		214.11		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDown		7		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		210.16		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDown		8		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		204.60		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDown		9		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		204.40		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDown		10		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		203.05		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDown		11		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		209.35		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDown		12		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		219.14		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDown		13		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		204.90		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDown		14		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		211.89		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDown		15		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		151.59		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDown		16		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.03		263.39		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDI		1		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		236.40		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDI		2		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		211.03		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDI		3		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		211.94		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDI		4		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		201.49		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDI		5		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		217.17		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDI		6		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		191.65		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDI		7		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		188.14		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDI		8		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		183.11		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDI		9		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		182.87		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDI		10		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		181.58		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDI		11		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		186.71		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDI		12		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		195.91		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDI		13		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		182.74		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDI		14		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		188.98		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDI		15		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0.01		134.39		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDI		16		SFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		235.51		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDI		1		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0.03		263.96		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDI		2		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		235.58		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDI		3		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		236.62		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDI		4		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		224.92		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDI		5		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		242.48		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDI		6		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		214.11		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDI		7		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		210.16		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDI		8		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		204.60		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDI		9		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		204.40		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDI		10		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		203.05		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDI		11		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		209.35		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDI		12		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		219.14		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDI		13		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		204.90		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDI		14		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		211.89		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDI		15		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0.02		151.59		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		NC		PreRebDI		16		MFm		New		Each		FALSE		0		10		0.7		0.7		1														0.03		263.39		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDI		1		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		236.40		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDI		2		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		211.03		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDI		3		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		211.94		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDI		4		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		201.49		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDI		5		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		217.17		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDI		6		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		191.65		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDI		7		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		188.14		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDI		8		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		183.11		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDI		9		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		182.87		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDI		10		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		181.58		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDI		11		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		186.71		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDI		12		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		195.91		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDI		13		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		182.74		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDI		14		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		188.98		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDI		15		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.01		134.39		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDI		16		SFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		235.51		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDI		1		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.03		263.96		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDI		2		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		235.58		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDI		3		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		236.62		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDI		4		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		224.92		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDI		5		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		242.48		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDI		6		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		214.11		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDI		7		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		210.16		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDI		8		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		204.60		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDI		9		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		204.40		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDI		10		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		203.05		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDI		11		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		209.35		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDI		12		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		219.14		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDI		13		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		204.90		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDI		14		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		211.89		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDI		15		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.02		151.59		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2016 Code) –Electric		ShwFLr006		RES		ROB		PreRebDI		16		MFm		Ex		Each		FALSE		0		10		0.7		0.7		1														0.03		263.39		0		$97.99		$191.99		$94.00

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Gas		ShwFLr007		RES		ER		PreRebDI		1		SFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0		0		14.12		$   - 0		$   191.99		$   191.99		0		0		7.36		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Gas		ShwFLr007		RES		ER		PreRebDI		2		SFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0		0		12.61		$   - 0		$   191.99		$   191.99		0		0		6.57		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Gas		ShwFLr007		RES		ER		PreRebDI		3		SFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0		0		12.66		$   - 0		$   191.99		$   191.99		0		0		6.60		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Gas		ShwFLr007		RES		ER		PreRebDI		4		SFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0		0		12.04		$   - 0		$   191.99		$   191.99		0		0		6.27		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Gas		ShwFLr007		RES		ER		PreRebDI		5		SFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0		0		12.97		$   - 0		$   191.99		$   191.99		0		0		6.76		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Gas		ShwFLr007		RES		ER		PreRebDI		6		SFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0		0		11.45		$   - 0		$   191.99		$   191.99		0		0		5.97		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Gas		ShwFLr007		RES		ER		PreRebDI		7		SFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0		0		11.24		$   - 0		$   191.99		$   191.99		0		0		5.86		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Gas		ShwFLr007		RES		ER		PreRebDI		8		SFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0		0		10.94		$   - 0		$   191.99		$   191.99		0		0		5.70		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Gas		ShwFLr007		RES		ER		PreRebDI		9		SFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0		0		10.92		$   - 0		$   191.99		$   191.99		0		0		5.70		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Gas		ShwFLr007		RES		ER		PreRebDI		10		SFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0		0		10.85		$   - 0		$   191.99		$   191.99		0		0		5.65		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Gas		ShwFLr007		RES		ER		PreRebDI		11		SFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0		0		11.15		$   - 0		$   191.99		$   191.99		0		0		5.81		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Gas		ShwFLr007		RES		ER		PreRebDI		12		SFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0		0		11.70		$   - 0		$   191.99		$   191.99		0		0		6.10		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Gas		ShwFLr007		RES		ER		PreRebDI		13		SFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0		0		10.92		$   - 0		$   191.99		$   191.99		0		0		5.69		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Gas		ShwFLr007		RES		ER		PreRebDI		14		SFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0		0		11.29		$   - 0		$   191.99		$   191.99		0		0		5.89		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Gas		ShwFLr007		RES		ER		PreRebDI		15		SFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0		0		8.03		$   - 0		$   191.99		$   191.99		0		0		4.19		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Gas		ShwFLr007		RES		ER		PreRebDI		16		SFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0		0		14.07		$   - 0		$   191.99		$   191.99		0		0		7.33		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Gas		ShwFLr007		RES		ER		PreRebDI		1		MFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0		0		15.77		$   - 0		$   191.99		$   191.99		0		0		8.22		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Gas		ShwFLr007		RES		ER		PreRebDI		2		MFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0		0		14.07		$   - 0		$   191.99		$   191.99		0		0		7.34		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Gas		ShwFLr007		RES		ER		PreRebDI		3		MFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0		0		14.14		$   - 0		$   191.99		$   191.99		0		0		7.37		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Gas		ShwFLr007		RES		ER		PreRebDI		4		MFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0		0		13.44		$   - 0		$   191.99		$   191.99		0		0		7.00		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Gas		ShwFLr007		RES		ER		PreRebDI		5		MFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0		0		14.49		$   - 0		$   191.99		$   191.99		0		0		7.55		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Gas		ShwFLr007		RES		ER		PreRebDI		6		MFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0		0		12.79		$   - 0		$   191.99		$   191.99		0		0		6.67		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Gas		ShwFLr007		RES		ER		PreRebDI		7		MFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0		0		12.55		$   - 0		$   191.99		$   191.99		0		0		6.54		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Gas		ShwFLr007		RES		ER		PreRebDI		8		MFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0		0		12.22		$   - 0		$   191.99		$   191.99		0		0		6.37		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Gas		ShwFLr007		RES		ER		PreRebDI		9		MFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0		0		12.21		$   - 0		$   191.99		$   191.99		0		0		6.37		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Gas		ShwFLr007		RES		ER		PreRebDI		10		MFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0		0		12.13		$   - 0		$   191.99		$   191.99		0		0		6.32		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Gas		ShwFLr007		RES		ER		PreRebDI		11		MFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0		0		12.51		$   - 0		$   191.99		$   191.99		0		0		6.52		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Gas		ShwFLr007		RES		ER		PreRebDI		12		MFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0		0		13.09		$   - 0		$   191.99		$   191.99		0		0		6.82		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Gas		ShwFLr007		RES		ER		PreRebDI		13		MFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0		0		12.24		$   - 0		$   191.99		$   191.99		0		0		6.38		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Gas		ShwFLr007		RES		ER		PreRebDI		14		MFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0		0		12.66		$   - 0		$   191.99		$   191.99		0		0		6.60		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Gas		ShwFLr007		RES		ER		PreRebDI		15		MFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0		0		9.06		$   - 0		$   191.99		$   191.99		0		0		4.72		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Gas		ShwFLr007		RES		ER		PreRebDI		16		MFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0		0		15.73		$   - 0		$   191.99		$   191.99		0		0		8.20		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Electric		ShwFLr008		RES		ER		PreRebDI		1		SFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0.03		329.78		0		$   - 0		$   191.99		$   191.99		0.02		171.91		0		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Electric		ShwFLr008		RES		ER		PreRebDI		2		SFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0.03		294.38		0		$   - 0		$   191.99		$   191.99		0.02		153.46		0		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Electric		ShwFLr008		RES		ER		PreRebDI		3		SFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0.03		295.65		0		$   - 0		$   191.99		$   191.99		0.02		154.12		0		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Electric		ShwFLr008		RES		ER		PreRebDI		4		SFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0.03		281.07		0		$   - 0		$   191.99		$   191.99		0.01		146.52		0		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Electric		ShwFLr008		RES		ER		PreRebDI		5		SFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0.03		302.95		0		$   - 0		$   191.99		$   191.99		0.02		157.93		0		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Electric		ShwFLr008		RES		ER		PreRebDI		6		SFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0.03		267.35		0		$   - 0		$   191.99		$   191.99		0.01		139.37		0		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Electric		ShwFLr008		RES		ER		PreRebDI		7		SFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0.03		262.46		0		$   - 0		$   191.99		$   191.99		0.01		136.82		0		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Electric		ShwFLr008		RES		ER		PreRebDI		8		SFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0.03		255.43		0		$   - 0		$   191.99		$   191.99		0.01		133.16		0		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Electric		ShwFLr008		RES		ER		PreRebDI		9		SFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0.03		255.10		0		$   - 0		$   191.99		$   191.99		0.01		132.99		0		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Electric		ShwFLr008		RES		ER		PreRebDI		10		SFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0.03		253.31		0		$   - 0		$   191.99		$   191.99		0.01		132.05		0		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Electric		ShwFLr008		RES		ER		PreRebDI		11		SFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0.03		260.46		0		$   - 0		$   191.99		$   191.99		0.01		135.78		0		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Electric		ShwFLr008		RES		ER		PreRebDI		12		SFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0.03		273.29		0		$   - 0		$   191.99		$   191.99		0.01		142.46		0		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Electric		ShwFLr008		RES		ER		PreRebDI		13		SFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0.03		254.92		0		$   - 0		$   191.99		$   191.99		0.01		132.89		0		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Electric		ShwFLr008		RES		ER		PreRebDI		14		SFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0.03		263.63		0		$   - 0		$   191.99		$   191.99		0.01		137.43		0		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Electric		ShwFLr008		RES		ER		PreRebDI		15		SFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0.02		187.47		0		$   - 0		$   191.99		$   191.99		0.01		97.73		0		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Electric		ShwFLr008		RES		ER		PreRebDI		16		SFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0.03		328.53		0		$   - 0		$   191.99		$   191.99		0.02		171.26		0		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Electric		ShwFLr008		RES		ER		PreRebDI		1		MFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0.04		368.23		0		$   - 0		$   191.99		$   191.99		0.02		191.96		0		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Electric		ShwFLr008		RES		ER		PreRebDI		2		MFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0.03		328.63		0		$   - 0		$   191.99		$   191.99		0.02		171.31		0		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Electric		ShwFLr008		RES		ER		PreRebDI		3		MFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0.03		330.08		0		$   - 0		$   191.99		$   191.99		0.02		172.07		0		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Electric		ShwFLr008		RES		ER		PreRebDI		4		MFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0.03		313.75		0		$   - 0		$   191.99		$   191.99		0.02		163.56		0		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Electric		ShwFLr008		RES		ER		PreRebDI		5		MFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0.03		338.26		0		$   - 0		$   191.99		$   191.99		0.02		176.33		0		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Electric		ShwFLr008		RES		ER		PreRebDI		6		MFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0.03		298.68		0		$   - 0		$   191.99		$   191.99		0.02		155.70		0		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Electric		ShwFLr008		RES		ER		PreRebDI		7		MFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0.03		293.17		0		$   - 0		$   191.99		$   191.99		0.02		152.83		0		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Electric		ShwFLr008		RES		ER		PreRebDI		8		MFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0.03		285.42		0		$   - 0		$   191.99		$   191.99		0.01		148.79		0		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Electric		ShwFLr008		RES		ER		PreRebDI		9		MFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0.03		285.14		0		$   - 0		$   191.99		$   191.99		0.01		148.64		0		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Electric		ShwFLr008		RES		ER		PreRebDI		10		MFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0.03		283.25		0		$   - 0		$   191.99		$   191.99		0.01		147.66		0		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Electric		ShwFLr008		RES		ER		PreRebDI		11		MFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0.03		292.04		0		$   - 0		$   191.99		$   191.99		0.02		152.24		0		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Electric		ShwFLr008		RES		ER		PreRebDI		12		MFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0.03		305.70		0		$   - 0		$   191.99		$   191.99		0.02		159.36		0		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Electric		ShwFLr008		RES		ER		PreRebDI		13		MFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0.03		285.83		0		$   - 0		$   191.99		$   191.99		0.01		149.00		0		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Electric		ShwFLr008		RES		ER		PreRebDI		14		MFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0.03		295.58		0		$   - 0		$   191.99		$   191.99		0.02		154.09		0		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Electric		ShwFLr008		RES		ER		PreRebDI		15		MFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0.02		211.47		0		$   - 0		$   191.99		$   191.99		0.01		110.24		0		$100.61		$191.99		$91.38

		Auto-diverting Tub Spout with thermostatic shut-off Showerhead (1.5 gpm) (2018 Code) –Electric		ShwFLr008		RES		ER		PreRebDI		16		MFm		Ex		Each		TRUE		0		10		0.7		0.7		1		0.04		367.42		0		$   - 0		$   191.99		$   191.99		0.02		191.54		0		$100.61		$191.99		$91.38





Tub Spout Water Calculation

				Calculations for Tub Spout Replacement - General Variables for Water Savings per Shower										Base Case						Source				Proposed Case						Source				Water Savings								Calculations for Tub Spout Replacement - Structural Waste										Base Case						Source				Proposed Case						Source/Comments				Water Savings								Calculations for Tub Spout Replacement - Behavioral Waste										Base Case						Source				Proposed Case						Source/Comments				Water Savings										Calculations for Tub Spout Replacement - Shower Time										Base Case						Source				Proposed Case						Source/Comments				Water Savings



				(ShFr)		Showerhead Flow Rate =								2		gpm				Title 20 (2015) Section 1605.3				1.5		gpm																(StWt)		Structural Waste (Time) =																																				(TsBwP)		Tub Spout Behavioral Waste (Percentage) =																																						(ASht)		Actual Shower Time =

																																												BWt / BWp - BWt =								33		sec/Warm-up								33		sec/Warm-up																		TMWu * TsWu =								23%		%								0%		%																				Sht - (StWt + BWt) / C1 =								6.07		min								6.07		min

				(TFr)		Tub Spout Flow Rate =								5		gpm1								5		gpm

																																										(TslStw)		Tub Spout Leak during Structual Waste Time																																				(TslBw)		Tub Spout Leak during Behavioral Waste																																						(AShtWu)		Actual Shower Time Water Usage =

				(C1)		Seconds to Minutes =								60		sec/min								60		sec/min																		StWt / C1 * TslR  =								0.440		gal/Warm-up								0		sec/Warm-up																		BWt / C1 * TslR  =								0.627		gal/Warm-up								0.000		gal/Warm-up																				Asht * ShFr = 								12.13		gal/shower								9.10		gal/shower								3.03		gal/showertime



				(ShWu)		% of Showerhead Warm-up =								60%		%				Sherman 2014, pg 8				0%		%																(ShStw)		Shower Structure Waste =																																				(ShBw)		Shower Behavioral Waste =																																						(AShtWuTslW)		Actual Shower Time Water Usage W/ Tub Spout Leak Weighted=																		(AShtWuP)										(ShtWtrS)

																																												StWt / C1 * ShFr  =								1.10		gal/Warm-up								0		gal/Warm-up				Due to forced tub Spout Warm up														BWt / C1 * ShFr =								1.57		gal/Warm-up								0.00		gal/Warm-up																				Asht * (ShFr + TslR * TslP) = 								13.78		gal/shower								9.10		gal/shower								4.68		gal/showertime

				(TsWu)		% of Tub Spout Warm-up =								40%		%				Sherman 2014, pg 5				100%		%

																																										(WtP)		Amount of Water in Pipe =																																				(TsBw)		Tub Behavioral Waste =																																						(AShtWuTsl)		Actual Shower Time Water Usage W/ Tub Spout Leak =

				(SP)		Showerhead Warm-up pipe water purged =								130%		%				Koeller 2007, pg 44‐45				130%		%				Koeller 2007, pg 44‐45														ShStw / SP =								0.85		gal								0.85		gal																		BWt / C1 * TSFr =								3.92		gal/Warm-up								0.00		gal/Warm-up																				Asht * (ShFr + TslR) = 								16.99		gal/shower								9.10		gal/shower								7.89		gal/showertime



				(TsWuPWt)		Tub Spout Warm-up pipe water purged = 								106%		%				Koeller 2007, pg 44‐45				106%		%				Koeller 2007, pg 44‐45												(TsStw)		Tub Structure Waste =																																				(WBw)		Weighted Behavioral Waste =

																																												WtP * TsWuPWt =								0.89		gal/Warm-up								0.89		gal/Warm-up																		ShBw * ShWu + TsBw * TsBwp =								1.85		gal/Warm-up								0.00		gal/Warm-up								1.85		gal/Warm-up

				(BWt)		Behavioral Waste (Time) =								47		sec/shower				Sherman 2014, pg 11				0		sec/shower

																																										(WStw)		Weighted Structural Waste =																																				(WBwTslW)		Weighted Behavioral Waste w/ Tub Spout Leak Weighted=																												(BWtrS)

				(BWp)		Behavioral Waste (% of Warm-up Waste) =								59%		%				Sherman 2014, pg 11				0%		%																		ShStw * ShWu + TsStw * TsWu =								1.02		gal/Warm-up								0.89		gal/Warm-up								0.12		gal/Warm-up								(ShBw + TslBw * TslP) * ShWu + TsBw * Bwp =								1.98		gal/Warm-up								0.00		gal/Warm-up								1.98		gal/Warm-up



				(TMWu)		Tub Multitasking Warmup =								58%		%				Sherman 2014 - pg 5				0%		%																(WStwTslW)		Weighted Structural Waste w/ Tub Spout Leak Weighted=																												(StWtrS)								(WBwTsl)		Weighted Behavioral Waste w/ Tub Spout Leak=

																																												(ShStw + TslStw * TslP) * ShWu + TsStw * TsWu =								1.11		gal/Warm-up								0.89		gal/Warm-up								0.21		gal/Warm-up								(ShBw + TslBw) * ShWu + TsBw * TsBwP =								2.22		gal/Warm-up								0.00		gal/Warm-up								2.22		gal/Warm-up

				(TslP)		Tub Spout Leak (Percentage) = 								34%		%				Taitem 2011 - pg 2				0%		%

																																										(WStwTsl)		Weighted Structural Waste w/ Tub Spout Leak=

				(TslR)		Tub Spout Leak (Rate) =								0.8		gpm				Taitem 2011 - pg 2				0		gpm																		(ShStw + TslStw) * ShWu + TsStw * TsWu =								1.28		gal/Warm-up								0.89		gal/Warm-up								0.39		gal/Warm-up



				(Sht)		Shower Time = 								7.4		min				Aquacraft, Inc., 2000 - pg 8				7.4		min				Aquacraft, Inc., 2000



				Calculations for Tub Spout Replacement - General Variables for Water Savings per Year										Base Case						Source				Proposed Case						Source				Water Savings

				(TShWuPr)		Total Shower Water Usage Pre-existing =								17.2		gal/shower				REUWS 1999 - pg 102 Table 5.6				N/A		gal



				(SFSh)		Single Family Showerheads = 								2.01		showerheads				ASW study				2.01		showerheads				ASW study



				(MFSh)		Multifamily Showerheads = 								1.5		showerheads				US Census				1.5		showerheads				US Census



				(SFMDW - 2.25 gpm)		Single Family Mixed Daily Water for Showers =								28.01		gal/day				2013 Workpaper Disposition for Water Fixtures



				(MFMDW - 2.25 gpm)		Multifamily Mixed Daily Water for Showers =								23.34		gal/day				2013 Workpaper Disposition for Water Fixtures



				Calculations for Tub Spout Replacement - Usage Summary										Base Case						Source				Proposed Case						Source				Water Savings

				(TShWu)		Total Shower Water Usage =

						WStw + WBw + AShtWu								15.00		gal/shower								9.99		gal/shower								5.01		gal/shower



				(TShWuTslw)		Total Shower Water Usage w/ Tub Spout Leak Weighted=																												(TShWtrS)

						WStwTslW + WBwTslW + AShtWu								16.87		gal/shower								9.99		gal/shower								6.87		gal/shower

																																		6.87

				(TShWuTsl)		Total Shower Water Usage w/ Tub Spout Leak=

						WStwTsl + WBwTsl + AShtWu								20.49		gal/shower								9.99		gal/shower								10.50		gal/shower



				Color Legend



				Data from  Study



				Assumptions



				Constants



				Calculated Values

				Proposed Case Set-up





Water Gal to Energy Savigns

												Water Savings						SF Water Savings 						MF Water Savings 						 SF Energy Savings						 MF Energy Savings						Cvolume		ρ		Cp		Tin		Tout		REgas 

		(TShWS)		Total Shower Water Savings w/out Tub Spout Leak=																																						Water volume conversion		 Water density @ 60°F		Cp of water		Cold water temperature		Water temp @ showerhead		Water heater min. efficiency (Recover Efficiency)

												5.01		gal/shower				1315.99		gal/year				1469.42		gal/year				6.10		Therms/year				6.82		Therms/year				7.481		62.37		1.0		See Weighted Averages		106		0.813																												Source

																														142.46		kWh/year				159.32		kWh/year				gal / ft3		lbm / ft3		btu / lbm / °F		° F		° F		unitless																				Cvolume		Water volume conversion		7.5		gal / ft3

		(TShWSTslw)		Total Shower Water Savings w/ Tub Spout Leak Weighted=														(SFWtrS)						(MFWtrS)						0.01		kW/year				0.02		kW/year																																		ρ		Water density @ 60°F		62.37		lbm / ft3

												6.87		gal/shower				1806.95		gal/year				2017.62		gal/year				8.38		Therms/year				9.37		Therms/year																																		Cp		Cp of water		1		btu / lbm / °F

																														195.60		kWh/year				218.76		kWh/year				(SFSpD)		SF Showers per Day - Showerhead =																												Tin		Cold water temperature		See Weighted Averages		° F

		(TShWSTsl)		Total Shower Water Savings w/ Tub Spout Leak=																										0.02		kW/year				0.02		kW/year						SFMDW / (TShWuPr * SFSh) =						0.72		showers/day				Showerhead Flow Rate						2		gpm								Tout		Water temp @ showerhead		106		° F		Water temperature exiting showerhead. ASW survey data

												10.50		gal/shower				2759.98		gal/year				3081.76		gal/year				12.79		Therms/year				14.31		Therms/year																		SFMDW						24.90		gal/day								REgas 		Water heater min. efficiency		0.813		unitless		Recovery Efficiency (Title 20 gas-fired residential water heaters)

																														298.77		kWh/year				334.14		kWh/year				(MFSpD)		MF Showers per Day - Showerhead =												MFMDW						20.75		gal/day

		(WuWS)		Warm-up Water Savings =																										0.03		kW/year				0.03		kW/year						MFMDW / (TShWuPr * MFSh)=						0.80		showers/day

												1.97		gal/Warm-up				518.64		gal/year				579.11		gal/year				2.40		Therms/year				2.69		Therms/year

																														56.14		kWh/year				62.79		kWh/year

		(WuWSTslw)		Warm-up w Tub Spout Leak Weighted = 																										0.01		kW/year				0.01		kW/year

												2.19		gal/Warm-up				575.84		gal/year				642.98		gal/year				2.67		Therms/year				2.99		Therms/year				CZ2010 Weather Files (weather files for 2013 Title-24)								CZ2010 Weather Files (weather files for 2013 Title-24)

																														62.33		kWh/year				69.71		kWh/year				Weighted Average For SF								Weighted Average For MF

		(WuWSTsl)		Warm-up w Tub Spout Leak= 																										0.01		kW/year				0.01		kW/year				CZ01		51.4						CZ01		51.4

												2.61		gal/Warm-up				686.87		gal/year				766.95		gal/year				3.18		Therms/year				3.56		Therms/year				CZ02		57.2						CZ02		57.2

																														74.35		kWh/year				83.16		kWh/year				CZ03		57.0						CZ03		57.0

				2.0 gpm Baseline Showerhead																										0.01		kW/year				0.01		kW/year				CZ04		59.4						CZ04		59.4

				Therms/year		Single Family												Multifamily																								CZ05		55.8						CZ05		55.8

				Climate Zone		TShWS		TShWSTslw		TShWSTsl		WuWS		WuWSTslw		WuWSTsl		TShWS		TShWSTslw		TShWSTsl		WuWS		WuWSTslw		WuWSTsl														CZ06		61.7						CZ06		61.7

				CZ01		7.37		10.12		15.46		2.91		3.23		3.85		8.23		11.30		17.27		3.24		3.60		4.30														CZ07		62.5						CZ07		62.5

				CZ02		6.58		9.04		13.80		2.59		2.88		3.44		7.35		10.09		15.41		2.90		3.21		3.83														CZ08		63.7						CZ08		63.7

				CZ03		6.61		9.08		13.86		2.61		2.89		3.45		7.38		10.13		15.48		2.91		3.23		3.85														CZ09		63.7						CZ09		63.7

				CZ04		6.28		8.63		13.18		2.48		2.75		3.28		7.01		9.63		14.71		2.76		3.07		3.66														CZ10		64.0						CZ10		64.0

				CZ05		6.77		9.30		14.21		2.67		2.96		3.54		7.56		10.38		15.86		2.98		3.31		3.95														CZ11		62.8						CZ11		62.7

				CZ06		5.98		8.21		12.54		2.36		2.62		3.12		6.68		9.17		14.01		2.63		2.92		3.49														CZ12		60.7						CZ12		60.6

				CZ07		5.87		8.06		12.31		2.31		2.57		3.06		6.55		9.00		13.75		2.58		2.87		3.42														CZ13		63.8						CZ13		63.6

				CZ08		5.71		7.84		11.98		2.25		2.50		2.98		6.38		8.76		13.38		2.51		2.79		3.33														CZ14		62.3						CZ14		62.1

				CZ09		5.70		7.83		11.96		2.25		2.50		2.98		6.38		8.75		13.37		2.51		2.79		3.33														CZ15		74.9						CZ15		74.6

				CZ10		5.66		7.78		11.88		2.23		2.48		2.96		6.33		8.70		13.28		2.50		2.77		3.31														CZ16		51.6						CZ16		51.5

				CZ11		5.82		8.00		12.21		2.29		2.55		3.04		6.53		8.97		13.69		2.57		2.86		3.41

				CZ12		6.11		8.39		12.81		2.41		2.67		3.19		6.83		9.38		14.33		2.69		2.99		3.57														Average		60.8						Average		60.7

				CZ13		5.70		7.83		11.95		2.25		2.49		2.97		6.39		8.77		13.40		2.52		2.80		3.34														Median		62.0						Median		61.9

				CZ14		5.89		8.09		12.36		2.32		2.58		3.08		6.61		9.07		13.86		2.60		2.89		3.45

				CZ15		4.19		5.76		8.79		1.65		1.83		2.19		4.73		6.49		9.92		1.86		2.07		2.47

				CZ16		7.35		10.09		15.40		2.89		3.21		3.83		8.21		11.28		17.23		3.24		3.59		4.29

				REelec		Electric water heater recovery efficiency (excludes standby efficiency) =												0.98		unitless		2013-2014 Water Fixture Disposition

				CkWh		energy conversion constant from Btu's to kilowatt hours =												3,412		Btu/kWh

				kWh/year		Single Family												Multifamily

				Climate Zone		TShWS		TShWSTslw		TShWSTsl		WuWS		WuWSTslw		WuWSTsl		TShWS		TShWSTslw		TShWSTsl		WuWS		WuWSTslw		WuWSTsl

				CZ01		172.17		236.40		361.09		67.85		75.34		89.86		192.24		263.96		403.19		75.76		84.12		100.34

				CZ02		153.69		211.03		322.33		60.57		67.25		80.22		171.57		235.58		359.83		67.62		75.07		89.55

				CZ03		154.35		211.94		323.72		60.83		67.54		80.56		172.33		236.62		361.41		67.91		75.40		89.94

				CZ04		146.74		201.49		307.76		57.83		64.21		76.59		163.80		224.92		343.54		64.56		71.68		85.50

				CZ05		158.16		217.17		331.71		62.33		69.21		82.55		176.60		242.48		370.37		69.60		77.27		92.17

				CZ06		139.58		191.65		292.73		55.01		61.08		72.85		155.93		214.11		327.04		61.45		68.23		81.39

				CZ07		137.02		188.14		287.38		54.00		59.96		71.52		153.06		210.16		321.00		60.32		66.97		79.89

				CZ08		133.36		183.11		279.68		52.56		58.35		69.60		149.01		204.60		312.51		58.73		65.20		77.78

				CZ09		133.18		182.87		279.32		52.49		58.28		69.51		148.87		204.40		312.21		58.67		65.14		77.70

				CZ10		132.25		181.58		277.35		52.12		57.87		69.02		147.88		203.05		310.14		58.28		64.71		77.18

				CZ11		135.98		186.71		285.18		53.59		59.50		70.97		152.47		209.35		319.77		60.09		66.72		79.58

				CZ12		142.68		195.91		299.23		56.23		62.43		74.47		159.60		219.14		334.72		62.90		69.84		83.30

				CZ13		133.09		182.74		279.12		52.45		58.24		69.47		149.23		204.90		312.97		58.81		65.30		77.89

				CZ14		137.64		188.98		288.66		54.24		60.23		71.84		154.32		211.89		323.65		60.82		67.53		80.55

				CZ15		97.87		134.39		205.27		38.57		42.83		51.09		110.40		151.59		231.55		43.51		48.31		57.62

				CZ16		171.52		235.51		359.72		67.60		75.05		89.52		191.82		263.39		402.30		75.60		83.94		100.12



				Epp		Percentage of daily DHW energy consumption during peak period = 												0.11

kjm: DEER 2005		Unitless



				kW/year		Single Family												Multifamily

				Climate Zone		TShWS		TShWSTslw		TShWSTsl		WuWS		WuWSTslw		WuWSTsl		TShWS		TShWSTslw		TShWSTsl		WuWS		WuWSTslw		WuWSTsl

				CZ01		0.02		0.02		0.04		0.01		0.01		0.01		0.02		0.03		0.04		0.01		0.01		0.01

				CZ02		0.02		0.02		0.03		0.01		0.01		0.01		0.02		0.02		0.04		0.01		0.01		0.01

				CZ03		0.02		0.02		0.03		0.01		0.01		0.01		0.02		0.02		0.04		0.01		0.01		0.01

				CZ04		0.01		0.02		0.03		0.01		0.01		0.01		0.02		0.02		0.03		0.01		0.01		0.01

				CZ05		0.02		0.02		0.03		0.01		0.01		0.01		0.02		0.02		0.04		0.01		0.01		0.01

				CZ06		0.01		0.02		0.03		0.01		0.01		0.01		0.02		0.02		0.03		0.01		0.01		0.01

				CZ07		0.01		0.02		0.03		0.01		0.01		0.01		0.02		0.02		0.03		0.01		0.01		0.01

				CZ08		0.01		0.02		0.03		0.01		0.01		0.01		0.01		0.02		0.03		0.01		0.01		0.01

				CZ09		0.01		0.02		0.03		0.01		0.01		0.01		0.01		0.02		0.03		0.01		0.01		0.01

				CZ10		0.01		0.02		0.03		0.01		0.01		0.01		0.01		0.02		0.03		0.01		0.01		0.01

				CZ11		0.01		0.02		0.03		0.01		0.01		0.01		0.02		0.02		0.03		0.01		0.01		0.01

				CZ12		0.01		0.02		0.03		0.01		0.01		0.01		0.02		0.02		0.03		0.01		0.01		0.01

				CZ13		0.01		0.02		0.03		0.01		0.01		0.01		0.01		0.02		0.03		0.01		0.01		0.01

				CZ14		0.01		0.02		0.03		0.01		0.01		0.01		0.02		0.02		0.03		0.01		0.01		0.01

				CZ15		0.01		0.01		0.02		0.00		0.00		0.01		0.01		0.02		0.02		0.00		0.00		0.01

				CZ16		0.02		0.02		0.04		0.01		0.01		0.01		0.02		0.03		0.04		0.01		0.01		0.01

				2.25 gpm Baseline Showerhead

				Therms/year		Single Family												Multifamily

				Climate Zone		TShWS		TShWSTslw		TShWSTsl		WuWS		WuWSTslw		WuWSTsl		TShWS		TShWSTslw		TShWSTsl		WuWS		WuWSTslw		WuWSTsl

				CZ01		11.03		14.12		20.13		3.49		3.85		4.55		12.31		15.77		22.48		3.90		4.30		5.08

				CZ02		9.84		12.61		17.97		3.11		3.44		4.06		10.99		14.07		20.06		3.48		3.84		4.53

				CZ03		9.89		12.66		18.05		3.13		3.45		4.08		11.04		14.14		20.15		3.49		3.85		4.55

				CZ04		9.40		12.04		17.16		2.97		3.28		3.88		10.49		13.44		19.15		3.32		3.66		4.33

				CZ05		10.13		12.97		18.49		3.21		3.54		4.18		11.31		14.49		20.65		3.58		3.95		4.67

				CZ06		8.94		11.45		16.32		2.83		3.12		3.69		9.99		12.79		18.23		3.16		3.49		4.12

				CZ07		8.78		11.24		16.02		2.78		3.06		3.62		9.80		12.55		17.90		3.10		3.42		4.04

				CZ08		8.54		10.94		15.59		2.70		2.98		3.52		9.54		12.22		17.42		3.02		3.33		3.94

				CZ09		8.53		10.92		15.57		2.70		2.98		3.52		9.54		12.21		17.40		3.02		3.33		3.93

				CZ10		8.47		10.85		15.46		2.68		2.96		3.49		9.47		12.13		17.29		3.00		3.31		3.91

				CZ11		8.71		11.15		15.90		2.76		3.04		3.59		9.77		12.51		17.83		3.09		3.41		4.03

				CZ12		9.14		11.70		16.68		2.89		3.19		3.77		10.22		13.09		18.66		3.23		3.57		4.22

				CZ13		8.52		10.92		15.56		2.70		2.98		3.52		9.56		12.24		17.45		3.02		3.34		3.94

				CZ14		8.82		11.29		16.09		2.79		3.08		3.64		9.88		12.66		18.04		3.13		3.45		4.08

				CZ15		6.27		8.03		11.44		1.98		2.19		2.59		7.07		9.06		12.91		2.24		2.47		2.92

				CZ16		10.99		14.07		20.05		3.48		3.84		4.53		12.29		15.73		22.43		3.89		4.29		5.07

				REelec		Electric water heater recovery efficiency (excludes standby efficiency) =												0.98		unitless		2013-2014 Water Fixture Disposition

				CkWh		energy conversion constant from Btu's to kilowatt hours =												3,412		Btu/kWh

				kWh/year		Single Family												Multifamily

				Climate Zone		TShWS		TShWSTslw		TShWSTsl		WuWS		WuWSTslw		WuWSTsl		TShWS		TShWSTslw		TShWSTsl		WuWS		WuWSTslw		WuWSTsl

				CZ01		257.52		329.78		470.05		81.48		89.90		106.24		287.54		368.23		524.85		90.98		100.38		118.63

				CZ02		229.88		294.38		419.60		72.74		80.25		94.84		256.62		328.63		468.41		81.20		89.59		105.87

				CZ03		230.87		295.65		421.41		73.05		80.60		95.25		257.75		330.08		470.47		81.56		89.98		106.34

				CZ04		219.49		281.07		400.63		69.45		76.62		90.55		245.00		313.75		447.21		77.52		85.53		101.08

				CZ05		236.57		302.95		431.81		74.85		82.59		97.60		264.14		338.26		482.14		83.58		92.21		108.98

				CZ06		208.77		267.35		381.07		66.06		72.88		86.13		233.23		298.68		425.72		73.80		81.42		96.22

				CZ07		204.95		262.46		374.10		64.85		71.55		84.56		228.93		293.17		417.87		72.44		79.92		94.45

				CZ08		199.46		255.43		364.08		63.11		69.63		82.29		222.88		285.42		406.82		70.52		77.81		91.95

				CZ09		199.21		255.10		363.61		63.03		69.54		82.19		222.66		285.14		406.42		70.45		77.73		91.86

				CZ10		197.80		253.31		361.05		62.59		69.05		81.61		221.18		283.25		403.73		69.99		77.22		91.25

				CZ11		203.39		260.46		371.24		64.35		71.00		83.91		228.05		292.04		416.26		72.16		79.61		94.09

				CZ12		213.40		273.29		389.53		67.52		74.50		88.04		238.71		305.70		435.73		75.53		83.34		98.49

				CZ13		199.06		254.92		363.35		62.99		69.49		82.13		223.20		285.83		407.41		70.62		77.92		92.09

				CZ14		205.86		263.63		375.77		65.14		71.87		84.93		230.81		295.58		421.31		73.03		80.58		95.23

				CZ15		146.39		187.47		267.21		46.32		51.11		60.40		165.13		211.47		301.42		52.25		57.65		68.13

				CZ16		256.54		328.53		468.27		81.17		89.56		105.84		286.91		367.42		523.70		90.78		100.16		118.37



				Epp		Percentage of daily DHW energy consumption during peak period = 												0.11		Unitless



				kW/year		Single Family												Multifamily

				Climate Zone		TShWS		TShWSTslw		TShWSTsl		WuWS		WuWSTslw		WuWSTsl		TShWS		TShWSTslw		TShWSTsl		WuWS		WuWSTslw		WuWSTsl

				CZ01		0.03		0.03		0.05		0.01		0.01		0.01		0.03		0.04		0.05		0.01		0.01		0.01

				CZ02		0.02		0.03		0.04		0.01		0.01		0.01		0.03		0.03		0.05		0.01		0.01		0.01

				CZ03		0.02		0.03		0.04		0.01		0.01		0.01		0.03		0.03		0.05		0.01		0.01		0.01

				CZ04		0.02		0.03		0.04		0.01		0.01		0.01		0.02		0.03		0.04		0.01		0.01		0.01

				CZ05		0.02		0.03		0.04		0.01		0.01		0.01		0.03		0.03		0.05		0.01		0.01		0.01

				CZ06		0.02		0.03		0.04		0.01		0.01		0.01		0.02		0.03		0.04		0.01		0.01		0.01

				CZ07		0.02		0.03		0.04		0.01		0.01		0.01		0.02		0.03		0.04		0.01		0.01		0.01

				CZ08		0.02		0.03		0.04		0.01		0.01		0.01		0.02		0.03		0.04		0.01		0.01		0.01

				CZ09		0.02		0.03		0.04		0.01		0.01		0.01		0.02		0.03		0.04		0.01		0.01		0.01

				CZ10		0.02		0.03		0.04		0.01		0.01		0.01		0.02		0.03		0.04		0.01		0.01		0.01

				CZ11		0.02		0.03		0.04		0.01		0.01		0.01		0.02		0.03		0.04		0.01		0.01		0.01

				CZ12		0.02		0.03		0.04		0.01		0.01		0.01		0.02		0.03		0.04		0.01		0.01		0.01

				CZ13		0.02		0.03		0.04		0.01		0.01		0.01		0.02		0.03		0.04		0.01		0.01		0.01

				CZ14		0.02		0.03		0.04		0.01		0.01		0.01		0.02		0.03		0.04		0.01		0.01		0.01

				CZ15		0.01		0.02		0.03		0.00		0.01		0.01		0.02		0.02		0.03		0.01		0.01		0.01

				CZ16		0.03		0.03		0.05		0.01		0.01		0.01		0.03		0.04		0.05		0.01		0.01		0.01

				1.8 gpm Baseline Showerhead

				Therms/year		Single Family												Multifamily

				Climate Zone		TShWS		TShWSTslw		TShWSTsl		WuWS		WuWSTslw		WuWSTsl		TShWS		TShWSTslw		TShWSTsl		WuWS		WuWSTslw		WuWSTsl

				CZ01		4.89		7.36		12.17		2.47		2.76		3.32		5.46		8.22		13.59		2.76		3.08		3.71

				CZ02		4.36		6.57		10.86		2.21		2.47		2.97		4.87		7.34		12.13		2.47		2.75		3.31

				CZ03		4.38		6.60		10.91		2.22		2.48		2.98		4.89		7.37		12.18		2.48		2.77		3.33

				CZ04		4.16		6.27		10.37		2.11		2.35		2.83		4.65		7.00		11.58		2.35		2.63		3.16

				CZ05		4.49		6.76		11.18		2.27		2.54		3.05		5.01		7.55		12.48		2.54		2.83		3.41

				CZ06		3.96		5.97		9.86		2.01		2.24		2.69		4.43		6.67		11.02		2.24		2.50		3.01

				CZ07		3.89		5.86		9.68		1.97		2.20		2.64		4.34		6.54		10.82		2.20		2.46		2.95

				CZ08		3.78		5.70		9.42		1.92		2.14		2.57		4.23		6.37		10.53		2.14		2.39		2.88

				CZ09		3.78		5.70		9.41		1.91		2.14		2.57		4.23		6.37		10.52		2.14		2.39		2.87

				CZ10		3.75		5.65		9.35		1.90		2.12		2.55		4.20		6.32		10.45		2.13		2.37		2.85

				CZ11		3.86		5.81		9.61		1.95		2.18		2.62		4.33		6.52		10.78		2.19		2.45		2.94

				CZ12		4.05		6.10		10.08		2.05		2.29		2.75		4.53		6.82		11.28		2.29		2.56		3.08

				CZ13		3.78		5.69		9.41		1.91		2.14		2.57		4.24		6.38		10.55		2.14		2.39		2.88

				CZ14		3.91		5.89		9.73		1.98		2.21		2.66		4.38		6.60		10.91		2.22		2.48		2.98

				CZ15		2.78		4.19		6.92		1.41		1.57		1.89		3.13		4.72		7.80		1.59		1.77		2.13

				CZ16		4.87		7.33		12.12		2.46		2.75		3.31		5.44		8.20		13.56		2.76		3.08		3.70

				REelec		Electric water heater recovery efficiency (excludes standby efficiency) =												0.98		unitless		2013-2014 Water Fixture Disposition

				CkWh		energy conversion constant from Btu's to kilowatt hours =												3,412		Btu/kWh

				kWh/year		Single Family												Multifamily

				Climate Zone		TShWS		TShWSTslw		TShWSTsl		WuWS		WuWSTslw		WuWSTsl		TShWS		TShWSTslw		TShWSTsl		WuWS		WuWSTslw		WuWSTsl

				CZ01		114.11		171.91		284.13		57.77		64.51		77.58		127.41		191.96		317.26		64.51		72.03		86.63

				CZ02		101.86		153.46		253.63		51.57		57.59		69.26		113.71		171.31		283.14		57.57		64.28		77.31

				CZ03		102.30		154.12		254.73		51.80		57.83		69.55		114.21		172.07		284.39		57.83		64.57		77.65

				CZ04		97.25		146.52		242.17		49.24		54.98		66.12		108.56		163.56		270.32		54.97		61.37		73.81

				CZ05		104.82		157.93		261.02		53.07		59.26		71.27		117.04		176.33		291.44		59.26		66.17		79.58

				CZ06		92.50		139.37		230.34		46.84		52.30		62.90		103.34		155.70		257.34		52.33		58.43		70.27

				CZ07		90.81		136.82		226.13		45.98		51.34		61.75		101.44		152.83		252.59		51.36		57.35		68.97

				CZ08		88.38		133.16		220.08		44.75		49.97		60.09		98.76		148.79		245.91		50.00		55.83		67.15

				CZ09		88.27		132.99		219.79		44.69		49.90		60.01		98.66		148.64		245.67		49.95		55.78		67.08

				CZ10		87.64		132.05		218.24		44.38		49.55		59.59		98.00		147.66		244.04		49.62		55.41		66.64

				CZ11		90.12		135.78		224.40		45.63		50.95		61.27		101.05		152.24		251.61		51.16		57.13		68.70

				CZ12		94.56		142.46		235.46		47.88		53.46		64.29		105.77		159.36		263.38		53.56		59.80		71.92

				CZ13		88.20		132.89		219.63		44.66		49.87		59.97		98.90		149.00		246.27		50.07		55.91		67.24

				CZ14		91.22		137.43		227.14		46.19		51.57		62.02		102.27		154.09		254.67		51.78		57.82		69.54

				CZ15		64.87		97.73		161.52		32.84		36.67		44.10		73.17		110.24		182.20		37.05		41.37		49.75

				CZ16		113.67		171.26		283.05		57.56		64.26		77.29		127.13		191.54		316.56		64.37		71.87		86.44



				Epp		Percentage of daily DHW energy consumption during peak period = 												0.11		Unitless



				kW/year		Single Family												Multifamily

				Climate Zone		TShWS		TShWSTslw		TShWSTsl		WuWS		WuWSTslw		WuWSTsl		TShWS		TShWSTslw		TShWSTsl		WuWS		WuWSTslw		WuWSTsl

				CZ01		0.01		0.02		0.03		0.01		0.01		0.01		0.01		0.02		0.03		0.01		0.01		0.01

				CZ02		0.01		0.02		0.03		0.01		0.01		0.01		0.01		0.02		0.03		0.01		0.01		0.01

				CZ03		0.01		0.02		0.03		0.01		0.01		0.01		0.01		0.02		0.03		0.01		0.01		0.01

				CZ04		0.01		0.01		0.02		0.00		0.01		0.01		0.01		0.02		0.03		0.01		0.01		0.01

				CZ05		0.01		0.02		0.03		0.01		0.01		0.01		0.01		0.02		0.03		0.01		0.01		0.01

				CZ06		0.01		0.01		0.02		0.00		0.01		0.01		0.01		0.02		0.03		0.01		0.01		0.01

				CZ07		0.01		0.01		0.02		0.00		0.01		0.01		0.01		0.02		0.03		0.01		0.01		0.01

				CZ08		0.01		0.01		0.02		0.00		0.01		0.01		0.01		0.01		0.02		0.01		0.01		0.01

				CZ09		0.01		0.01		0.02		0.00		0.01		0.01		0.01		0.01		0.02		0.01		0.01		0.01

				CZ10		0.01		0.01		0.02		0.00		0.00		0.01		0.01		0.01		0.02		0.00		0.01		0.01

				CZ11		0.01		0.01		0.02		0.00		0.01		0.01		0.01		0.02		0.03		0.01		0.01		0.01

				CZ12		0.01		0.01		0.02		0.00		0.01		0.01		0.01		0.02		0.03		0.01		0.01		0.01

				CZ13		0.01		0.01		0.02		0.00		0.01		0.01		0.01		0.01		0.02		0.01		0.01		0.01

				CZ14		0.01		0.01		0.02		0.00		0.01		0.01		0.01		0.02		0.03		0.01		0.01		0.01

				CZ15		0.01		0.01		0.02		0.00		0.00		0.00		0.01		0.01		0.02		0.00		0.00		0.00

				CZ16		0.01		0.02		0.03		0.01		0.01		0.01		0.01		0.02		0.03		0.01		0.01		0.01





ED_WaterConsumption



						Temp		C0		C1		C2

				Sinks		105		12.5		4.16		0

				Bath		105		3.5		1.17		0

				Shower		105		14		4.67		0

				Dishwasher		Tank		5		0		0

				Clotheswasher		Tank		7.5		2.5		0







				Building Type		Code		# Bedrms

				Single-Family		23		3

				Multi-Family		24		2

				Mobile Home		26		2

				Daily Water Usage : DEER Assumptions



						Single-Family		Multi-Family

				Sinks		25.0		20.8

				Bath		7.0		5.8

				Shower		28.0		23.3

				Daily Water Usage : SCG/SDGE Survey



				Kitchen Sink		43

				Lavatory Sink		36

				Total Sinks		79

				Shower		86

				Ratio DEER/SCG/SDGE



						Single-Family		Multi-Family

				Sinks		0.32		0.26

				Shower		0.33		0.27





Low_FlowShowerHeads_Savings

				Baseline Calculation		Ratio SF Code		SF Avg		Adjusted SF Avg		Ratio SF 2.2		Ratio SF 1.8		Ratio MF Code		MF Avg		Adjusted MF Avg		Ratio MF 2.2		Ratio MF 1.8						SF = Single Family

				Baseline Flow rate		2.50		2.25

CPaek: CPaek:
2.25 gpm is the average of existing showerhead's flow rate, according to SCG/SDG&E survey study.  PG&E used only Fedral guidline 2.5 gpm as a baseline.		2.25

CPaek: CPaek:
2.25 gpm is the average of existing showerhead's flow rate, according to SCG/SDG&E survey study.  PG&E used only Fedral guidline 2.5 gpm as a baseline.		2.20		1.80		2.50		2.25		2.25		2.20		1.80		gpm				MF = Multi Family

				Average shower time		7.4

CPaek: CPaek: Shower duration in minute.
PG&E asseumed this to be 8.2 min/shower.  Sempra Utility survey by ASW shows that to be 11.2 minutes/shower.
				

CPaek: CPaek:
2.25 gpm is the average of existing showerhead's flow rate, according to SCG/SDG&E survey study.  PG&E used only Fedral guidline 2.5 gpm as a baseline.		7.4

CPaek: CPaek: Shower duration in minute.
PG&E asseumed this to be 8.2 min/shower.  Sempra Utility survey by ASW shows that to be 11.2 minutes/shower.
		7.4						7.4		7.4		7.4						min

				Number of showers taken per day per household		2.79

CPaek: CPaek:
PG&E used 2.52 showers per day in a household for single family. 
2.79 showers/day/household is the average result from reduced SCG/SDG&E survey data.		2.79		2.79						2.22		2.22		2.22						Showers/household/day				Cold temp		See Weighted Averages

				Throttling factor		0.9		0.9		0.9						0.9		0.9		0.9						-				Shower water temp		106

				days/year		365		365		365						365		365		365						days/year				Hot temp		130

				Number of showerheads per household		2.01

CPaek: CPaek:
2.5 showerheads per single-family household was used by PG&E.  SCG survey resulted in 1.9 showerheads per household.		2.01		2.01						1.50		1.50		1.50						showerhead/household

				Baseline Water consumption		5652		7592		5086		4973		4069		6310		8095		5679		5553		4544		Gallons / showerhead / year

				Mixed water daily use for shower		31.1		41.8		28.0						25.9		33.3		23.3						Gallons / household / day

				Hot water daily use for shower		19.6		26.3		17.6						16.3		21.0		14.7



				Measure Calculation 		SF 1.5 gpm		SF 1.6 gpm		Adjusted SF 1.6 gpm		SF 1.7 gpm		MF 1.5 gpm		MF 1.6 gpm		Adjusted MF 1.6 gpm		MF 1.7 gpm

				Low Flow rate		1.5		1.6		1.6		1.7		1.5		1.6		1.6		1.7		gpm

				Average shower time		7.4		7.4		7.4		7.4		7.4		7.4		7.4		7.4		min

				Number of showers taken per day per household		2.79		2.79		2.79		2.79		2.22		2.22		2.22		2.22		Showers/household/day

				Throttling factor		0.9		0.9		0.9		0.9		0.9		0.9		0.9		0.9		-

				days/year		365		365		365		365		365		365		365		365		days/year

				Number of showerheads per household		2.01		2.01		2.01		2.01		1.50		1.50		1.50		1.50		showerhead/household

				Measure Water consumption		3391		5399		3617		3843		3786		5756		4039		4291		Gallons / showerhead / year

				Mixed water daily use for shower		18.7		29.7		19.9		21.2		15.6		23.7		16.6		17.6		Gallons / showerhead / day

				Hot water daily use for shower		11.8		18.7		12.5		13.3		9.8		14.9		10.5		11.1



				Annual Water Savings Summary		SF						MF

						1.5 gpm		1.6 gpm		1.7 gpm		1.5 gpm		1.6 gpm		1.7 gpm

		3085		2.5 gpm Baseline Ratio of 2.25		2261		2035		1808		2524		2272		2019		Gallons / showerhead / year

		2570		2.25 gpm Baseline Avg		1695		1469		1243		1893		1641		1388		Gallons / showerhead / year

				2.2 gpm Baseline Ratio of 2.25		1582		1356		1130		1767		1515		1262

				1.8 gpm Baseline Ratio of 2.25		678		452		226		757		505		252

						Unit =  gallons per showerhead per year



						Water volume conversion		 Water density @ 60°F		Cp of water		Cold water temperature		water temp @ showerhead		Water heater min. efficiency						SF

						7.481		62.37		1.0		See Weighted Averages		106		0.77						CZ2010 Weather Files (weather files for 2013 Title-24)

						gal / ft3		lbm / ft3		btu / lbm / °F		° F		° F		unitless								Weighted Average

																						CZ01		51.4

				Therms Saved		SF						MF										CZ02		57.2

				Baseline Fed - 2.50 gpm		1.5 gpm		1.6 gpm		1.7 gpm		1.5 gpm		1.6 gpm		1.7 gpm						CZ03		57.0

				1		13.37		12.0		10.7		14.9		13.4		11.9						CZ04		59.4

				2		11.94		10.7		9.6		13.3		12.0		10.7						CZ05		55.8

				3		11.99		10.8		9.6		13.4		12.0		10.7						CZ06		61.7

				4		11.40		10.3		9.1		12.7		11.5		10.2						CZ07		62.5

				5		12.29		11.1		9.8		13.7		12.3		11.0						CZ08		63.7

				6		10.84		9.8		8.7		12.1		10.9		9.7						CZ09		63.7

				7		10.64		9.6		8.5		11.9		10.7		9.5						CZ10		64.0

				8		10.36		9.3		8.3		11.6		10.4		9.3						CZ11		62.8

				9		10.34		9.3		8.3		11.6		10.4		9.3						CZ12		60.7

				10		10.27		9.2		8.2		11.5		10.3		9.2						CZ13		63.8

				11		10.56		9.5		8.4		11.8		10.7		9.5						CZ14		62.3

				12		11.1		10.0		8.9		12.4		11.2		9.9						CZ15		74.9

				13		10.3		9.3		8.3		11.6		10.4		9.3						CZ16		51.6

				14		10.7		9.6		8.6		12.0		10.8		9.6

				15		7.6		6.8		6.1		8.6		7.7		6.9						MF

				16		13.3		12.0		10.7		14.9		13.4		11.9						CZ2010 Weather Files (weather files for 2013 Title-24)

				Baseline SCG - 2.25 gpm		1.5 gpm		1.6 gpm		1.7 gpm		1.5 gpm		1.6 gpm		1.7 gpm								Weighted Average

				1		10.0		8.7		7.4		11.2		9.7		8.2						CZ01		51.4

				2		9.0		7.8		6.6		10.0		8.7		7.3						CZ02		57.2

				3		9.0		7.8		6.6		10.0		8.7		7.4						CZ03		57.0

				4		8.5		7.4		6.3		9.5		8.3		7.0						CZ04		59.4

				5		9.2		8.0		6.8		10.3		8.9		7.5						CZ05		55.8

				6		8.1		7.0		6.0		9.1		7.9		6.7						CZ06		61.7

				7		8.0		6.9		5.9		8.9		7.7		6.5						CZ07		62.5

				8		7.8		6.7		5.7		8.7		7.5		6.4						CZ08		63.7

				9		7.8		6.7		5.7		8.7		7.5		6.4						CZ09		63.7

				10		7.7		6.7		5.6		8.6		7.5		6.3						CZ10		64.0

				11		7.9		6.9		5.8		8.9		7.7		6.5						CZ11		62.7

				12		8.3		7.2		6.1		9.3		8.1		6.8						CZ12		60.6

				13		7.8		6.7		5.7		8.7		7.5		6.4						CZ13		63.6

				14		8.0		6.9		5.9		9.0		7.8		6.6						CZ14		62.1

				15		5.7		4.9		4.2		6.4		5.6		4.7						CZ15		74.6

				16		10.0		8.7		7.3		11.2		9.7		8.2						CZ16		51.5

				Baseline SCG - 2.2 gpm		1.5 gpm		1.6 gpm		1.7 gpm		1.5 gpm		1.6 gpm		1.7 gpm

				1		9.4		8.0		6.7		10.5		9.0		7.5

				2		8.4		7.2		6.0		9.3		8.0		6.7

				3		8.4		7.2		6.0		9.4		8.0		6.7

				4		8.0		6.8		5.7		8.9		7.6		6.4

				5		8.6		7.4		6.1		9.6		8.2		6.9

				6		7.6		6.5		5.4		8.5		7.3		6.1

				7		7.5		6.4		5.3		8.3		7.1		5.9

				8		7.3		6.2		5.2		8.1		6.9		5.8

				9		7.2		6.2		5.2		8.1		6.9		5.8

				10		7.2		6.2		5.1		8.0		6.9		5.7

				11		7.4		6.3		5.3		8.3		7.1		5.9

				12		7.8		6.6		5.5		8.7		7.4		6.2

				13		7.2		6.2		5.2		8.1		7.0		5.8

				14		7.5		6.4		5.3		8.4		7.2		6.0

				15		5.3		4.6		3.8		6.0		5.1		4.3

				16		9.3		8.0		6.7		10.4		8.9		7.4

				Baseline SCG - 1.8 gpm		1.5 gpm		1.6 gpm		1.7 gpm		1.5 gpm		1.6 gpm		1.7 gpm

				1		4.0		2.7		1.3		4.5		3.0		1.5

				2		3.6		2.4		1.2		4.0		2.7		1.3

				3		3.6		2.4		1.2		4.0		2.7		1.3

				4		3.4		2.3		1.1		3.8		2.5		1.3

				5		3.7		2.5		1.2		4.1		2.7		1.4

				6		3.3		2.2		1.1		3.6		2.4		1.2

				7		3.2		2.1		1.1		3.6		2.4		1.2

				8		3.1		2.1		1.0		3.5		2.3		1.2

				9		3.1		2.1		1.0		3.5		2.3		1.2

				10		3.1		2.1		1.0		3.4		2.3		1.1

				11		3.2		2.1		1.1		3.6		2.4		1.2

				12		3.3		2.2		1.1		3.7		2.5		1.2

				13		3.1		2.1		1.0		3.5		2.3		1.2

				14		3.2		2.1		1.1		3.6		2.4		1.2

				15		2.3		1.5		0.8		2.6		1.7		0.9

				16		4.0		2.7		1.3		4.5		3.0		1.5

						Unit = therms/year









Mixed Daily Water Calculator

		*From Disposition 		Baseline Calculation		SF Code		SF Avg		Adjusted SF Avg		MF Code		MF Avg		Adjusted MF Avg						SF = Single Family

				Baseline Flow rate		2.50		2.25

CPaek: CPaek:
2.25 gpm is the average of existing showerhead's flow rate, according to SCG/SDG&E survey study.  PG&E used only Fedral guidline 2.5 gpm as a baseline.		2.25

CPaek: CPaek:
2.25 gpm is the average of existing showerhead's flow rate, according to SCG/SDG&E survey study.  PG&E used only Fedral guidline 2.5 gpm as a baseline.		2.50		2.25		2.25		gpm				MF = Multi Family

				Average shower time		7.4

CPaek: CPaek: Shower duration in minute.
PG&E asseumed this to be 8.2 min/shower.  Sempra Utility survey by ASW shows that to be 11.2 minutes/shower.
				

CPaek: CPaek:
2.25 gpm is the average of existing showerhead's flow rate, according to SCG/SDG&E survey study.  PG&E used only Fedral guidline 2.5 gpm as a baseline.		7.4		7.4		7.4		7.4		7.4		min

				Number of showers taken per day per household		2.79

CPaek: CPaek:
PG&E used 2.52 showers per day in a household for single family. 
2.79 showers/day/household is the average result from reduced SCG/SDG&E survey data.		2.79		2.79		2.22		2.22		2.22		Showers/household/day				Cold temp		65

				Throttling factor		0.9		0.9		0.9		0.9		0.9		0.9		-				Shower water temp		106

				days/year		365		365		365		365		365		365		days/year				Hot temp		130

				Number of showerheads per household		2.01

CPaek: CPaek:
2.5 showerheads per single-family household was used by PG&E.  SCG survey resulted in 1.9 showerheads per household.		2.01		2.01		1.50		1.50		1.50		showerhead/household

				Baseline Water consumption		8436		7592		5086		8994		8095		5679		Gallons / showerhead / year

				Mixed water daily use for shower		46.5		41.8		28.0		37.0		33.3		23.3		Gallons / household / day

				Hot water daily use for shower		29.3		26.3		17.6		23.3		21.0		14.7



				Measure Calculation 		SF 1.5 gpm		SF 1.6 gpm		Adjusted SF 1.6 gpm		SF 1.7 gpm		MF 1.5 gpm		MF 1.6 gpm		Adjusted MF 1.6 gpm		MF 1.7 gpm

				Low Flow rate		1.5		1.6		1.6		1.7		1.5		1.6		1.6		1.7		gpm

				Average shower time		7.4		7.4		7.4		7.4		7.4		7.4		7.4		7.4		min

				Number of showers taken per day per household		2.79		2.79		2.79		2.79		2.22		2.22		2.22		2.22		Showers/household/day

				Throttling factor		0.9		0.9		0.9		0.9		0.9		0.9		0.9		0.9		-

				days/year		365		365		365		365		365		365		365		365		days/year

				Number of showerheads per household		2.01		2.01		2.01		2.01		1.50		1.50		1.50		1.50		showerhead/household

				Measure Water consumption		3391		5399		3617		3843		3786		5756		4039		4291		Gallons / showerhead / year

				Mixed water daily use for shower		18.7		29.7		19.9		21.2		15.6		23.7		16.6		17.6		Gallons / showerhead / day

				Hot water daily use for shower		11.8		18.7		12.5		13.3		9.8		14.9		10.5		11.1





						Annual Consumption and GPM adjustment

						flow rate
(GPM)		SF
(Gal/day)		MF
(Gal/day)		Annual SF
Volume(Gal)		Annual MF
Volume(Gal)

						2.50		31.12		25.93		5652		6310

						2.25		28.01		23.34		5086		5679

						2.00		24.90		20.75		4521		5048

						1.80		22.41		18.67		4069		4544

						1.70		21.16		17.63		3843		4291

						1.60		19.92		16.60		3617		4039

						1.50		18.67		15.56		3391		3786

						1.25		15.56		12.97		2826		3155

						1.00		12.45		10.37		2261		2524



























SF Weather Data

		CZ2010 Weather Files (weather files for 2013 Title-24)

				Jan		Feb		Mar		Apr		May		Jun		Jul		Aug		Sep		Oct		Nov		Dec		Ave		Weighted Average

		CZ01		49.5		48.7		48.6		49.0		50.5		52.0		53.2		54.0		54.1		53.4		52.2		50.8		51.4		51.4		0.0

		CZ02		53.7		52.3		52.1		52.8		55.6		58.4		60.8		62.3		62.5		61.2		58.9		56.2		57.3		57.2		0.1

		CZ03		54.5		53.4		53.3		53.8		55.8		57.8		59.6		60.7		60.8		59.9		58.2		56.2		57.1		57.0		0.0

		CZ04		55.7		54.1		54.0		54.8		57.7		60.7		63.3		64.9		65.0		63.7		61.2		58.3		59.5		59.4		0.1

		CZ05		53.6		52.7		52.7		53.1		54.8		56.5		58.0		58.9		59.0		58.2		56.8		55.1		55.8		55.8		0.0

		CZ06		58.9		57.8		57.7		58.2		60.4		62.6		64.5		65.7		65.8		64.9		63.0		60.9		61.8		61.7		0.0

		CZ07		60.2		59.3		59.2		59.7		61.5		63.2		64.8		65.8		65.9		65.1		63.5		61.8		62.6		62.5		0.0

		CZ08		60.7		59.5		59.4		59.9		62.3		64.7		66.7		68.0		68.1		67.0		65.1		62.8		63.7		63.7		0.1

		CZ09		60.2		58.7		58.6		59.3		62.1		64.9		67.4		68.9		69.1		67.8		65.4		62.7		63.8		63.7		0.1

		CZ10		59.9		58.2		58.0		58.9		62.2		65.5		68.3		70.1		70.3		68.8		66.0		62.8		64.1		64.0		0.1

		CZ11		55.8		52.8		52.6		54.0		59.8		65.5		70.5		73.6		73.9		71.3		66.5		60.9		63.2		62.8		0.3

		CZ12		55.6		53.5		53.3		54.3		58.4		62.5		66.1		68.3		68.5		66.7		63.2		59.3		60.9		60.7		0.2

		CZ13		57.0		54.0		53.8		55.2		60.8		66.3		71.1		74.2		74.5		72.0		67.3		61.9		64.1		63.8		0.3

		CZ14		55.2		52.2		51.9		53.4		59.2		65.0		70.0		73.2		73.5		70.9		66.0		60.4		62.7		62.3		0.3

		CZ15		68.4		65.5		65.3		66.6		72.2		77.7		82.4		85.5		85.7		83.3		78.6		73.3		75.5		74.9		0.5

		CZ16		45.3		42.7		42.4		43.7		48.7		53.8		58.1		60.9		61.1		58.9		54.6		49.8		51.8		51.6		0.2





MF Weather Data

		CZ2010 Weather Files (weather files for 2013 Title-24)

				Jan		Feb		Mar		Apr		May		Jun		Jul		Aug		Sep		Oct		Nov		Dec		Ave		Weighted Average

		CZ01		49.5		48.7		48.6		49.0		50.5		52.0		53.2		54.0		54.1		53.4		52.2		50.8		51.4		51.4

		CZ02		53.7		52.3		52.1		52.8		55.6		58.4		60.8		62.3		62.5		61.2		58.9		56.2		57.3		57.2

		CZ03		54.5		53.4		53.3		53.8		55.8		57.8		59.6		60.7		60.8		59.9		58.2		56.2		57.1		57.0

		CZ04		55.7		54.1		54.0		54.8		57.7		60.7		63.3		64.9		65.0		63.7		61.2		58.3		59.5		59.4

		CZ05		53.6		52.7		52.7		53.1		54.8		56.5		58.0		58.9		59.0		58.2		56.8		55.1		55.8		55.8

		CZ06		58.9		57.8		57.7		58.2		60.4		62.6		64.5		65.7		65.8		64.9		63.0		60.9		61.8		61.7

		CZ07		60.2		59.3		59.2		59.7		61.5		63.2		64.8		65.8		65.9		65.1		63.5		61.8		62.6		62.5

		CZ08		60.7		59.5		59.4		59.9		62.3		64.7		66.7		68.0		68.1		67.0		65.1		62.8		63.7		63.7

		CZ09		60.2		58.7		58.6		59.3		62.1		64.9		67.4		68.9		69.1		67.8		65.4		62.7		63.8		63.7

		CZ10		59.9		58.2		58.0		58.9		62.2		65.5		68.3		70.1		70.3		68.8		66.0		62.8		64.1		64.0

		CZ11		55.8		52.8		52.6		54.0		59.8		65.5		70.5		73.6		73.9		71.3		66.5		60.9		63.2		62.7

		CZ12		55.6		53.5		53.3		54.3		58.4		62.5		66.1		68.3		68.5		66.7		63.2		59.3		60.9		60.6

		CZ13		57.0		54.0		53.8		55.2		60.8		66.3		71.1		74.2		74.5		72.0		67.3		61.9		64.1		63.6

		CZ14		55.2		52.2		51.9		53.4		59.2		65.0		70.0		73.2		73.5		70.9		66.0		60.4		62.7		62.1

		CZ15		68.4		65.5		65.3		66.6		72.2		77.7		82.4		85.5		85.7		83.3		78.6		73.3		75.5		74.6

		CZ16		45.3		42.7		42.4		43.7		48.7		53.8		58.1		60.9		61.1		58.9		54.6		49.8		51.8		51.5
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Tub_Spout_Showerheads_Cost_Data.xlsx
Summary

		Auto-diverting Tub Spout with thermostatic shut-off valve





		Recommendations for 2016 Workpaper



				Base Case Cost

				Measure Code		Product Description		Equipment Cost		Labor/ Installation Cost		Maintenance/ Other Cost		Total Base Case Cost

				ShwFLr005, ShwFLr006		2.0 GPM Showerhead		$   38.62		$   15.67				$   54.29

				ShwFLr007, ShwFLr008		1.8 GPM Showerhead		$   41.23		$   15.67				$   56.91

				ShwFLr005, ShwFLr006,
ShwFLr007, ShwFLr008		5.0 GPM Tub Spout with Diverter		$   28.03		$   15.67				$   43.70

				ShwFLr005, ShwFLr006		Showerhead and Tub Spout with Diverter		$   66.65		$   31.34				$   97.99

				ShwFLr007, ShwFLr008		Showerhead and Tub Spout with Diverter		$   69.27		$   31.34				$   100.61

				*assuming same cost for tub spout installation as showerhead installation

				Measure Case Cost

				Measure Code		Product Description		Equipment Cost		Labor/ Installation Cost		Maintenance/ Other Cost		Total Base Case Cost

				ShwFLr005, ShwFLr006,
ShwFLr007, ShwFLr008		ADTS w/single-function 1.5 gpm Showerhead & All Quick Connect Mounts		$   119.99		$   72.00				$   191.99

				Incremental Measure Cost

				Measure Code		Installation Type		Incremental Measure Cost		Full Measure Cost

										1st Baseline		2nd Baseline

				ShwFLr005, ShwFLr006,		ROB/NC		$   94.00		$   94.00		N/A

				ShwFLr007, ShwFLr008		ER		$   91.38		$   191.99		$   91.38







ADTS w TSV

		Auto-diverting Tub Spout with thermostatic shut-off valve





		From discussions with contractors and manufacture



				Measure Code		Units		Material Cost		Labor Cost		Total Cost		Source

				ShwFLr005, ShwFLr006, ShwFLr007, ShwFLr008		Each		$   119.99		$   72.00		$   191.99		http://thinkevolve.com/shop/tub-spout-system-showerhead/

				*Updated 3/31/2016

				**Full cost table from manufacturer is available upon request



http://thinkevolve.com/shop/tub-spout-system-showerhead/

2016 TS w Diverter Pivot Table

				Column Labels

		Row Labels		Jan-00		Grand Total

		Base

		Average of Price per unit		$   28.03		$   28.03

		Count of Model		33		33

		Total Average of Price per unit		$   28.03		$   28.03

		Total Count of Model		33		33











2016 TS w Diverter Database

		Manufacturer		Series		Model		GPM		Category		Price per unit		Source		Comments

		Deleted		Deleted		E531D-1F		5		Base		$   8.91		http://www.homedepot.com/

		Deleted		Deleted		RP17453		5		Base		$   21.14		http://www.homedepot.com/

		Deleted		Deleted		972-362PK2		5		Base		$   30.40		http://www.homedepot.com/

		Deleted		Deleted		RP5836		5		Base		$   20.77		http://www.homedepot.com/

		Deleted		Deleted		RP34357RB		5		Base		$   51.66		http://www.homedepot.com/

		Deleted		Deleted		K-10281-4-CP		5		Base		$   25.65		http://www.homedepot.com/

		Deleted		Deleted		179101		5		Base		$   62.00		http://www.homedepot.com/

		Deleted		Deleted		RP5834		5		Base		$   23.95		http://www.homedepot.com/

		Deleted		Deleted		RP17454PB		5		Base		$   67.17		http://www.homedepot.com/

		Deleted		Deleted		9D0034230X		5		Base		$   18.80		http://www.homedepot.com/

		Deleted		Deleted		10319		5		Base		$   27.98		http://www.homedepot.com/

		Deleted		Deleted		58253		5		Base		$   20.97		http://www.homedepot.com/

		Deleted		Deleted		10766		5		Base		$   17.50		http://www.homedepot.com/

		Deleted		Deleted		K-10280-4-CP		5		Base		$   25.65		http://www.homedepot.com/

		Deleted		Deleted		RP17453SS		5		Base		$   47.51		http://www.homedepot.com/

		Deleted		Deleted		022635-0020A		5		Base		$   14.95		http://www.homedepot.com/

		Deleted		Deleted		K-10281-4A-CP		5		Base		$   27.41		http://www.homedepot.com/

		Deleted		Deleted		RP5834		5		Base		$   25.99		http://www.lowes.com/

		Deleted		Deleted		88052		5		Base		$   12.99		http://www.lowes.com/

		Deleted		Deleted		SW2103		5		Base		$   22.98		http://www.lowes.com/

		Deleted		Deleted		88703X		5		Base		$   16.99		http://www.lowes.com/

		Deleted		Deleted		RP72565RB		5		Base		$   45.51		http://www.lowes.com/

		Deleted		Deleted		80765		5		Base		$   11.48		http://www.lowes.com/

		Deleted		Deleted		15136-PB		5		Base		$   24.49		http://www.lowes.com/

		Deleted		Deleted		10281-4-BN		5		Base		$   39.68		http://www.lowes.com/

		Deleted		Deleted		8888730.224		5		Base		$   37.54		http://www.lowes.com/

		Deleted		Deleted		SWD0205 D		5		Base		$   29.99		http://www.lowes.com/

		Deleted		Deleted		SWD0422 D		5		Base		$   18.99		http://www.lowes.com/

		Deleted		Deleted		10317		5		Base		$   27.99		http://www.lowes.com/

		Deleted		Deleted		89249		5		Base		$   21.99		http://www.lowes.com/

		Deleted		Deleted		185-S-CP		5		Base		$   32.03		http://www.lowes.com/

		Deleted		Deleted		10316		5		Base		$   24.99		http://www.lowes.com/

		Deleted		Deleted		SW2101		5		Base		$   18.98		http://www.lowes.com/

		*Database updated 3/31/2016





http://www.lowes.com/http://www.lowes.com/

2016 Showerhead Pivot Table

				Column Labels

		Row Labels		2		1.75		Grand Total

		Code 2016

		Average of Price per unit		$   38.62				$   38.62

		Count of Model		35				35

		Code 2018

		Average of Price per unit				$   41.23		$   41.23

		Count of Model				14		14

		Total Average of Price per unit		$   38.62		$   41.23		$   39.36

		Total Count of Model		35		14		49









2016 Showerhead Database

		Manufacturer		Series		Model		GPM		Category		Price per unit		Source		Comments

		Deleted		Deleted		TAV-529T		2		Code 2016		$   20.98		http://www.homedepot.com/

		Deleted		Deleted		75356SN		2		Code 2016		$   59.98		http://www.homedepot.com/

		Deleted		Deleted		015-WSTD2C		2		Code 2016		$   20.98		http://www.homedepot.com/

		Deleted		Deleted		23045		2		Code 2016		$   31.48		http://www.homedepot.com/

		Deleted		Deleted		ASW-673T		2		Code 2016		$   54.98		http://www.homedepot.com/

		Deleted		Deleted		75554		2		Code 2016		$   29.38		http://www.homedepot.com/

		Deleted		Deleted		015-WSTD3K		2		Code 2016		$   31.48		http://www.homedepot.com/

		Deleted		Deleted		SM-623CGT		2		Code 2016		$   17.98		http://www.homedepot.com/

		Deleted		Deleted		58208-0101		2		Code 2016		$   36.73		http://www.homedepot.com/

		Deleted		Deleted		21530		2		Code 2016		$   49.98		http://www.homedepot.com/

		Deleted		Deleted		YAT-933T		2		Code 2016		$   27.28		http://www.homedepot.com/

		Deleted		Deleted		75357OB		2		Code 2016		$   41.98		http://www.homedepot.com/

		Deleted		Deleted		75174		2		Code 2016		$   47.23		http://www.homedepot.com/

		Deleted		Deleted		ASK-733T		2		Code 2016		$   36.73		http://www.homedepot.com/

		Deleted		Deleted		K-R75563-BN		2		Code 2016		$   36.73		http://www.homedepot.com/

		Deleted		Deleted		TAV-523T		2		Code 2016		$   18.98		http://www.homedepot.com/

		Deleted		Deleted		75251		2		Code 2016		$   29.98		http://www.homedepot.com/

		Deleted		Deleted		26313SRN		2		Code 2016		$   41.98		http://www.homedepot.com/

		Deleted		Deleted		015-WSVNKK		2		Code 2016		$   41.98		http://www.homedepot.com/

		Deleted		Deleted		43268		2		Code 2016		$   59.98		http://www.lowes.com/

		Deleted		Deleted		81568		2		Code 2016		$   29.98		http://www.lowes.com/

		Deleted		Deleted		75569		2		Code 2016		$   34.98		http://www.lowes.com/

		Deleted		Deleted		1660.717.002		2		Code 2016		$   36.44		http://www.lowes.com/

		Deleted		Deleted		75569SN		2		Code 2016		$   39.98		http://www.lowes.com/

		Deleted		Deleted		S-2252-E2-BP		2		Code 2016		$   63.98		http://www.lowes.com/

		Deleted		Deleted		49267		2		Code 2016		$   54.98		http://www.lowes.com/

		Deleted		Deleted		D460047RB		2		Code 2016		$   48.04		http://www.lowes.com/

		Deleted		Deleted		75762SN		2		Code 2016		$   29.98		http://www.lowes.com/

		Deleted		Deleted		R14519-CP		2		Code 2016		$   38.98		http://www.lowes.com/

		Deleted		Deleted		D460029BR		2		Code 2016		$   51.17		http://www.lowes.com/

		Deleted		Deleted		S-2007-BN-E2		2		Code 2016		$   48.75		http://www.lowes.com/

		Deleted		Deleted		D460047BN		2		Code 2016		$   43.86		http://www.lowes.com/

		Deleted		Deleted		DK131A5		2		Code 2016		$   22.18		http://www.lowes.com/

		Deleted		Deleted		52634-SS20-PK		2		Code 2016		$   39.98		http://www.lowes.com/

		Deleted		Deleted		72425-CP		2		Code 2016		$   31.50		http://www.lowes.com/

		Deleted		Deleted		6307EPORB		1.75		Code 2018		$   54.18		http://www.homedepot.com/

		Deleted		Deleted		6303EPORB		1.75		Code 2018		$   46.54		http://www.homedepot.com/

		Deleted		Deleted		6303EP		1.75		Code 2018		$   28.69		http://www.homedepot.com/

		Deleted		Deleted		6300EP		1.75		Code 2018		$   19.18		http://www.homedepot.com/

		Deleted		Deleted		Mar-45		1.75		Code 2018		$   29.74		http://www.homedepot.com/

		Deleted		Deleted		Feb-99		1.75		Code 2018		$   29.99		http://www.homedepot.com/

		Deleted		Deleted		A501ORB		1.75		Code 2018		$   87.78		http://www.lowes.com/

		Deleted		Deleted		May-44		1.75		Code 2018		$   24.98		http://www.lowes.com/

		Deleted		Deleted		A501CG		1.75		Code 2018		$   60.98		http://www.lowes.com/

		Deleted		Deleted		Nov-63		1.75		Code 2018		$   26.98		http://www.lowes.com/

		Deleted		Deleted		Mar-21		1.75		Code 2018		$   64.53		http://www.lowes.com/

		Deleted		Deleted		6300EP		1.75		Code 2018		$   28.05		http://www.lowes.com/

		Deleted		Deleted		6304EP		1.75		Code 2018		$   31.27		http://www.lowes.com/

		Deleted		Deleted		D460057BN		1.75		Code 2018		$   44.39		http://www.lowes.com/

		*Database updated 4/08/2016



http://www.lowes.com/http://www.lowes.com/

MCS Results Matrix

		Measure		READI Index ID 

Lucas Scheidler: Lucas Scheidler:
READI v.1.0.3 (Draft of Combined DEER2011 and DEER2014 plus IOU Ex Ante for the 2013-14 Cycle)		Cost Unit		Cost Type		Sample Data								Analysis				Results Benchmarks								Supporting Docs/Notes

										Source		N		Min Price		Max Price		Type		Result		DEER08		DEER05		DEER01		Other

		Commercial Refrigeration (Supermarkets)

		ECM fan motors for walk-in coolers		100103-100108		Per motor		Materials		Distributors		4		$188.09		$227.21		Sample average		$226.20		$230.94		$167.43		N/A		N/A

								Labor

Mike Ting: Mike Ting:
includes labor, subcontracts, freight costs, forklift/placement costs, and 10% contingency where appropriate (see VACOM notes for details) 		Estimate		N/A		$42.81				Estimate		$42.81		$73.65		$41.89		N/A		N/A

								Total		Built-up estimate		N/A		$230.90		$270.02		Built-up estimate		$269.01		$304.58		$209.32		N/A		see notes

		ECM fan motors for doored display case				Per motor		Materials		Distributors		6		$105.34		$132.32		Sample average		$122.41		$230.94		$13.58		N/A		N/A

								Labor

Mike Ting: Mike Ting:
includes labor, subcontracts, freight costs, forklift/placement costs, and 10% contingency where appropriate (see VACOM notes for details) 		Estimate		N/A		$18.30				Estimate		$18.30		$73.65		$13.67		N/A		N/A

								Total		Built-up estimate		N/A		$123.64		$150.62		Built-up estimate		$140.71		$304.58		$27.25		$161.00		see notes

		ECM fan motors for open display case				Per motor		Materials		Distributors		6		$105.34		$132.32		Sample average		$122.41		$230.94		$13.58		N/A		N/A

								Labor

Mike Ting: Mike Ting:
includes labor, subcontracts, freight costs, forklift/placement costs, and 10% contingency where appropriate (see VACOM notes for details) 		Estimate		N/A		$19.29				Estimate		$19.29		$73.65		$13.67		N/A		N/A

								Total		Built-up estimate		N/A		$124.62		$151.60		Built-up estimate		$141.70		$304.58		$27.25		$161.00		see notes

		Medium temp glass doors (retrofit)		9086		Per linear ft upright display case		Materials		Distributors		3		$284.68		$385.00		Sample average		$320.84

Mike Ting: Mike Ting:
includes non-equipment material costs (see notes)		N/A		$514.13		$105.00		N/A

								Labor

Mike Ting: Mike Ting:
includes labor, subcontracts, freight costs, forklift/placement costs, and 10% contingency where appropriate (see VACOM notes for details) 		Estimate		N/A		$176.98				Estimate		$176.98		N/A		$99.81		N/A		N/A

								Total		Built-up estimate		N/A		$461.66		$561.98		Built-up estimate		$497.82		N/A		$613.95		N/A		see notes

		Medium temp glass doors (new)		9087		Per linear ft upright display case		Materials		Distributors		2		$550.00		$774.19		Sample average		$686.29

Mike Ting: Mike Ting:
includes non-equipment material costs (see notes)		$574.87		$515.58		N/A		N/A

								Labor

Mike Ting: Mike Ting:
includes labor, subcontracts, freight costs, forklift/placement costs, and 10% contingency where appropriate (see VACOM notes for details) 												

Mike Ting: Mike Ting:
includes non-equipment material costs (see notes)		Estimate		N/A		$324.48				Estimate		$324.48		$331.41		$329.66		N/A		N/A

								Total		Built-up estimate		N/A		$874.48		$1,098.67		Built-up estimate		$1,010.77		$906.27		$845.24		N/A		see notes

		Auto-closers on main cooler/freezer doors, <42" wide		100188, 100189		Per cooler door		Materials		Distributors		1		$155.67		$155.67		Sample average		$155.67		$120.00		$322.59		N/A		N/A

								Labor

Mike Ting: Mike Ting:
includes labor, subcontracts, freight costs, forklift/placement costs, and 10% contingency where appropriate (see VACOM notes for details) 												

Mike Ting: Mike Ting:
includes non-equipment material costs (see notes)		Estimate		N/A		$70.78				Estimate		$70.78		$36.82		$110.63		N/A		N/A

								Total		Built-up estimate		N/A		$226.45		$226.45		Built-up estimate		$226.45		$156.82		$433.22		N/A		see notes

		Auto-closers on main cooler/freezer doors, >42" wide		100188, 100189		Per cooler door		Materials		Distributors		1		$917.19		$917.19		Sample average		$917.19		$120.00		$322.59		N/A		N/A

								Labor

Mike Ting: Mike Ting:
includes labor, subcontracts, freight costs, forklift/placement costs, and 10% contingency where appropriate (see VACOM notes for details) 		Estimate		N/A		$140.36				Estimate		$140.36		$36.82		$110.63		N/A		N/A

								Total		Built-up estimate		N/A		$1,057.55		$1,057.55		Built-up estimate		$1,057.55		$156.82		$433.22		N/A		see notes

		Evaporator fan control on walk-in coolers/freezers (<1 hp)		100103-100108		Per motor		Materials		Distributors		4		$589.38		$675.30		Sample average		$420.95

Mike Ting: Mike Ting:
includes non-equipment materials costs (see notes)		$69.69		$62.50		N/A		N/A		Retrofit only; standard offering from multiple manufacturers

								Labor

Mike Ting: Mike Ting:
includes labor, subcontracts, freight costs, forklift/placement costs, and 10% contingency where appropriate (see VACOM notes for details) 		Estimate		N/A		$199.55				Estimate		$199.55		$92.06		$83.25		N/A		N/A

								Total		Built-up estimate		N/A		$788.92		$874.85		Built-up estimate		$620.50		$161.74		$145.75		$265.00		see notes

		Evaporator fan control on walk-in coolers/freezers (>1 hp)				Per motor		Materials		Distributors		6		$1,212		$1,212		Sample average		$1,212

Mike Ting: Mike Ting:
includes non-equipment materials costs (see notes)		$69.69		$62.50		N/A		N/A

								Labor

Mike Ting: Mike Ting:
includes labor, subcontracts, freight costs, forklift/placement costs, and 10% contingency where appropriate (see VACOM notes for details) 												

Mike Ting: Mike Ting:
includes non-equipment materials costs (see notes)		Estimate		N/A		$762				Estimate		$762.14		$92.06		$83.25		N/A		N/A

								Total		Built-up estimate		N/A		$1,974.26		$1,974.26		Built-up estimate		$1,974.26		$161.74		$145.75		$265.00		see notes

		Floating suction pressure (retrofit)		9090		Per suction group		Materials		Distributors		N/A		$0.00		$0.00		Sample average		$0.00		N/A		$13.18

Mike Ting: Mike Ting:
per ton cooling		N/A		N/A		Retrofit only; required by Title 24 for new construction

								Labor

Mike Ting: Mike Ting:
includes labor, subcontracts, freight costs, forklift/placement costs, and 10% contingency where appropriate (see VACOM notes for details) 												

Mike Ting: Mike Ting:
includes non-equipment materials costs (see notes)		Estimate		N/A		$5,460.00				Estimate		$5,460.00		N/A		$26.78

Mike Ting: Mike Ting:
per ton cooling		N/A		N/A

								Total		Built-up estimate		N/A		$5,460.00		$5,460.00		Built-up estimate		$5,460.00		N/A		$39.96

Mike Ting: Mike Ting:
per ton cooling		N/A		see notes

		Floating head pressure (FHP), fixed setpoint (FSP) (air-cooled, retrofit)		9091		Per discharge group		Materials		Distributors		1		$4,008.68		$4,008.68		Sample average		$4,008.68		N/A		$0.00

Mike Ting: Mike Ting:
per ton cooling		N/A		N/A		

Retrofit only; required by Title 24 for new construction

								Labor

Mike Ting: Mike Ting:
includes labor, subcontracts, freight costs, forklift/placement costs, and 10% contingency where appropriate (see VACOM notes for details) 		Estimate		N/A		$4,673.43				Estimate		$4,673.43		N/A		$27.90

Mike Ting: Mike Ting:
per ton cooling		N/A		N/A

								Total		Built-up estimate		N/A		$8,682.11		$8,682.11		Built-up estimate		$8,682.11		N/A		$27.90

Mike Ting: Mike Ting:
per ton cooling		N/A		see notes

		FHP, FSP  (evap-cooled, retrofit)		9092		Per discharge group		Materials		Distributors		1		$4,008.68		$4,008.68		Sample average		$4,008.68		N/A		$0.00

Mike Ting: Mike Ting:
per ton cooling		N/A		N/A

								Labor

Mike Ting: Mike Ting:
includes labor, subcontracts, freight costs, forklift/placement costs, and 10% contingency where appropriate (see VACOM notes for details) 																

Mike Ting: Mike Ting:
per ton cooling		

Mike Ting: Mike Ting:
per ton cooling		

Mike Ting: Mike Ting:
per ton cooling		Estimate		N/A		$4,673.43				Estimate		$4,673.43		N/A		$27.90

Mike Ting: Mike Ting:
per ton cooling		N/A		N/A

								Total		Built-up estimate		N/A		$8,682.11		$8,682.11		Built-up estimate		$8,682.11		N/A		$27.90

Mike Ting: Mike Ting:
per ton cooling		N/A		see notes

		FHP, variable setpoint (VSP) (air-cooled, retrofit)		9093		Per discharge group		Materials		Distributors		1		$4,406.24		$4,406.24		Sample average		$4,406.24		N/A		$10.04

Mike Ting: Mike Ting:
per ton cooling		N/A		N/A

								Labor

Mike Ting: Mike Ting:
includes labor, subcontracts, freight costs, forklift/placement costs, and 10% contingency where appropriate (see VACOM notes for details) 																

Mike Ting: Mike Ting:
per ton cooling		

Mike Ting: Mike Ting:
per ton cooling		

Mike Ting: Mike Ting:
per ton cooling		Estimate		N/A		$4,882.31				Estimate		$4,882.31		N/A		$40.92

Mike Ting: Mike Ting:
per ton cooling		N/A		N/A

								Total		Built-up estimate		N/A		$9,288.55		$9,288.55		Built-up estimate		$9,288.55		N/A		$50.95

Mike Ting: Mike Ting:
per ton cooling		N/A		see notes

		FHP, VSP (evap-cooled, retrofit)		9094		Per discharge group		Materials		Distributors		1		$4,709.27		$4,709.27		Sample average		$4,709.27		N/A		$8.93

Mike Ting: Mike Ting:
per ton cooling		N/A		N/A

								Labor

Mike Ting: Mike Ting:
includes labor, subcontracts, freight costs, forklift/placement costs, and 10% contingency where appropriate (see VACOM notes for details) 																

Mike Ting: Mike Ting:
per ton cooling		

Mike Ting: Mike Ting:
per ton cooling		

Mike Ting: Mike Ting:
per ton cooling		Estimate		N/A		$4,897.46				Estimate		$4,897.46		N/A		$40.92

Mike Ting: Mike Ting:
per ton cooling		N/A		N/A

								Total		Built-up estimate		N/A		$9,606.73		$9,606.73		Built-up estimate		$9,606.73		N/A		$49.85

Mike Ting: Mike Ting:
per ton cooling		N/A		see notes

		FHP, VSP & variable speed (VS) (air-cooled, retrofit)		9095		Per discharge group		Materials		Distributors		1		$6,241.47		$6,241.47		Sample average		$6,241.47		N/A		$294.33

Mike Ting: Mike Ting:
per ton cooling		N/A		N/A

								Labor

Mike Ting: Mike Ting:
includes labor, subcontracts, freight costs, forklift/placement costs, and 10% contingency where appropriate (see VACOM notes for details) 																

Mike Ting: Mike Ting:
per ton cooling		

Mike Ting: Mike Ting:
per ton cooling		

Mike Ting: Mike Ting:
per ton cooling		Estimate		N/A		$8,183.98				Estimate		$8,183.98		N/A		$91.66

Mike Ting: Mike Ting:
per ton cooling		N/A		N/A

								Total		Built-up estimate		N/A		$14,425.45		$14,425.45		Built-up estimate		$14,425.45		N/A		$385.99

Mike Ting: Mike Ting:
per ton cooling		N/A		see notes

		FHP, VSP & VS (evap-cooled, retrofit)		9096		Per discharge group		Materials		Distributors		1		$7,390.00		$7,390.00		Sample average		$7,390.00		N/A		$151.97

Mike Ting: Mike Ting:
per ton cooling		N/A		N/A

								Labor

Mike Ting: Mike Ting:
includes labor, subcontracts, freight costs, forklift/placement costs, and 10% contingency where appropriate (see VACOM notes for details) 																

Mike Ting: Mike Ting:
per ton cooling		

Mike Ting: Mike Ting:
per ton cooling		

Mike Ting: Mike Ting:
per ton cooling		Estimate		N/A		$8,241.40				Estimate		$8,241.40		N/A		$68.92

Mike Ting: Mike Ting:
per ton cooling		N/A		N/A

								Total		Built-up estimate		N/A		$15,631.40		$15,631.40		Built-up estimate		$15,631.40		N/A		$220.89

Mike Ting: Mike Ting:
per ton cooling		N/A		see notes

		Strip curtains on walk-Ins (doors <36" wide)		100094		Per square foot		Materials		Distributors		2		$5.06		$9.79		Sample average		$8.97		$7.50		N/A		N/A		N/A

								Labor

Mike Ting: Mike Ting:
includes labor, subcontracts, freight costs, forklift/placement costs, and 10% contingency where appropriate (see VACOM notes for details) 																

Mike Ting: Mike Ting:
per ton cooling		

Mike Ting: Mike Ting:
per ton cooling		

Mike Ting: Mike Ting:
per ton cooling		Estimate		N/A		$3.45				Estimate		$3.45		$2.72		N/A		N/A		N/A

								Total		Built-up estimate		N/A		$8.51		$13.24		Built-up estimate		$12.42		$10.22		N/A		N/A		see notes

		Strip curtains on walk-Ins (doors >36" wide)		100094		Per square foot		Materials		Distributors		2		$5.06		$12.02		Sample average		$10.75		$7.50		N/A		N/A		N/A

								Labor

Mike Ting: Mike Ting:
includes labor, subcontracts, freight costs, forklift/placement costs, and 10% contingency where appropriate (see VACOM notes for details) 																

Mike Ting: Mike Ting:
per ton cooling		Estimate		N/A		$2.04				Estimate		$2.04		$2.72		N/A		N/A		N/A

								Total		Built-up estimate		N/A		$7.09		$14.06		Built-up estimate		$12.78		$10.22		N/A		N/A		see notes

		LED lights in reach-in display cases				Per fixture

Mike Ting: Mike Ting:
per lighting fixture or "mullion", not display case "fixture"																		

Mike Ting: Mike Ting:
per ton cooling		

Mike Ting: Mike Ting:
per ton cooling		Materials		Distributors		1		$178.05		$178.05		Sample average		$178.05		N/A		N/A		N/A		N/A

								Labor

Mike Ting: Mike Ting:
includes labor, subcontracts, freight costs, forklift/placement costs, and 10% contingency where appropriate (see VACOM notes for details) 		Estimate		N/A		$40.24				Estimate		$40.24		N/A		N/A		N/A		N/A

								Total		Built-up estimate		N/A		$218.29		$218.29		Built-up estimate		$218.29		N/A		N/A		N/A		see notes

		LED lights in open display cases				Per fixture

Mike Ting: Mike Ting:
per lighting fixture, not display case "fixture"		Materials		Distributors		1		$219.17		$219.17		Sample average		$219.17		N/A		N/A		N/A		N/A

								Labor

Mike Ting: Mike Ting:
includes labor, subcontracts, freight costs, forklift/placement costs, and 10% contingency where appropriate (see VACOM notes for details) 		Estimate		N/A		$30.70				Estimate		$30.70		N/A		N/A		N/A		N/A

								Total		Built-up estimate		N/A		$249.87		$249.87		Built-up estimate		$249.87		N/A		N/A		N/A		see notes

		Industrial Refrigeration (Refrigerated Warehouses)

		Floating suction pressure (retrofit)		9097		Per suction group		Materials		Distributors		1		$4,864.77		$4,864.77		Sample average		$4,864.77		N/A		$13.18

Mike Ting: Mike Ting:
per ton cooling		N/A		N/A		Retrofit only; required by Title 24 for new construction

See FSP doc embedded above

								Labor

Mike Ting: Mike Ting:
includes labor, subcontracts, freight costs, forklift/placement costs, and 10% contingency where appropriate (see VACOM notes for details) 		Estimate		N/A		$7,876.74				Estimate		$7,876.74		N/A		$26.78

Mike Ting: Mike Ting:
per ton cooling		N/A		N/A

								Total		Built-up estimate		N/A		$12,741.51		$12,741.51		Built-up estimate		$12,741.51		N/A		$39.96

Mike Ting: Mike Ting:
per ton cooling		N/A		see notes

		FHP, FSP  (evap-cooled, retrofit)		9098		Per discharge group		Materials		Distributors		1		$2,012.18		$2,012.18		Sample average		$2,012.18		N/A		$0.00

Mike Ting: Mike Ting:
per ton cooling		N/A		N/A		Retrofit only; required by Title 24 for new construction

See FHP doc embedded above

								Labor

Mike Ting: Mike Ting:
includes labor, subcontracts, freight costs, forklift/placement costs, and 10% contingency where appropriate (see VACOM notes for details) 		Estimate		N/A		$4,573.61				Estimate		$4,573.61		N/A		$27.90

Mike Ting: Mike Ting:
per ton cooling		N/A		N/A

								Total		Built-up estimate		N/A		$6,585.79		$6,585.79		Built-up estimate		$6,585.79		N/A		$27.90

Mike Ting: Mike Ting:
per ton cooling		N/A		see notes

		FHP, VSP (evap-cooled, retrofit)		9099		Per discharge group		Materials		Distributors		1		$2,712.77		$2,712.77		Sample average		$2,712.77		N/A		$8.93

Mike Ting: Mike Ting:
per ton cooling		N/A		N/A

								Labor

Mike Ting: Mike Ting:
includes labor, subcontracts, freight costs, forklift/placement costs, and 10% contingency where appropriate (see VACOM notes for details) 																

Mike Ting: Mike Ting:
per ton cooling		

Mike Ting: Mike Ting:
per ton cooling		

Mike Ting: Mike Ting:
per ton cooling		Estimate		N/A		$4,797.64				Estimate		$4,797.64		N/A		$40.92

Mike Ting: Mike Ting:
per ton cooling		N/A		N/A

								Total		Built-up estimate		N/A		$7,510.41		$7,510.41		Built-up estimate		$7,510.41		N/A		$49.85

Mike Ting: Mike Ting:
per ton cooling		N/A		see notes

		FHP, VSP & VS (evap-cooled, retrofit)		9100		Per discharge group		Materials		Distributors		1		$5,893.50		$5,893.50		Sample average		$5,893.50		N/A		$151.97

Mike Ting: Mike Ting:
per ton cooling		N/A		N/A

								Labor

Mike Ting: Mike Ting:
includes labor, subcontracts, freight costs, forklift/placement costs, and 10% contingency where appropriate (see VACOM notes for details) 																

Mike Ting: Mike Ting:
per ton cooling		

Mike Ting: Mike Ting:
per ton cooling		

Mike Ting: Mike Ting:
per ton cooling		

Mike Ting: Mike Ting:
per ton cooling		

Mike Ting: Mike Ting:
per ton cooling		

Mike Ting: Mike Ting:
per ton cooling		

Mike Ting: Mike Ting:
per ton cooling		Estimate		N/A		$8,241.16				Estimate		$8,241.16		N/A		$68.92

Mike Ting: Mike Ting:
per ton cooling		N/A		N/A

								Total		Built-up estimate		N/A		$14,134.66		$14,134.66		Built-up estimate		$14,134.66		N/A		$220.89

Mike Ting: Mike Ting:
per ton cooling		N/A		see notes

		Food Service

		Electric fryer				Per unit production capacity (lbs/hr)		Materials		Distributors (4)		8		$   53.85		$   231.74		Baseline average		$   105.76		N/A		$3,327

Mike Ting: Mike Ting:
per unit, assumed 30-40 lbs oil capacity		N/A		$4,108

Mike Ting: Mike Ting:
Work Paper PGECOFST102		SCE's workpaper IMC for electric fryers is $2,225/unit. SDG&E's workpaper IMC for electric fryers is $1,112. 

SDG&E and SCG's workpaper IMC for gas fryers is $1,304.

								Materials				5		$   30.48		$   154.38		Measure average		$   132.01		N/A		$12,089

Mike Ting: Mike Ting:
per unit, assumed 30-40 lbs oil capacity		N/A		$4,876

Mike Ting: Mike Ting:
Work Paper PGECOFST102

								Materials				13		N/A		N/A		Matched pair IMC		$   27.25

Mike Ting: Mike Ting:
IMC for unit w/70 lbs/hr production capacity (roughly average for 14" vats) = $1,907				

Mike Ting: Mike Ting:
per unit, assumed 30-40 lbs oil capacity		N/A		-		N/A		-

								Materials*				13		N/A		N/A		Sample average IMC		$   26.25

Mike Ting: Mike Ting:
IMC for unit w/70 lbs/hr production capacity (roughly average for 14" vats) = $1,837								

Mike Ting: Mike Ting:
Work Paper PGECOFST102		

Mike Ting: Mike Ting:
Work Paper PGECOFST102		N/A		$8,762

Mike Ting: Mike Ting:
per unit, assumed 30-40 lbs oil capacity		N/A		$769

Mike Ting: Mike Ting:
Work Paper PGECOFST102

		Gas fryer				Per unit production capacity (lbs/hr)		Materials		Distributors (2)		12		$   24.73		$   84.89		Baseline average		$   32.90		N/A		$1,521

Mike Ting: Mike Ting:
per unit, assumed 45-65 lbs oil capacity		N/A		$3,367

Mike Ting: Mike Ting:
Work Paper PGECOFST102

								Materials				14		$   11.43		$   83.40		Measure average		$   57.51		N/A		$4,103

Mike Ting: Mike Ting:
per unit, assumed 45-65 lbs oil capacity		N/A		$4,384

Mike Ting: Mike Ting:
Work Paper PGECOFST102

								Materials				28		N/A		N/A		Matched pair IMC		$   30.28

Mike Ting: Mike Ting:
IMC for unit w/70 lbs/hr production capacity (roughly average for 14" vats) = $2,119								

Mike Ting: Mike Ting:
Work Paper PGECOFST102		

Mike Ting: Mike Ting:
per unit, assumed 45-65 lbs oil capacity		N/A		-		N/A		-

								Materials*				28		N/A		N/A		Sample average IMC		$   24.61

Mike Ting: Mike Ting:
IMC for unit w/70 lbs/hr production capacity (roughly average for 14" vats) = $1,722								

Mike Ting: Mike Ting:
Work Paper PGECOFST102		

Mike Ting: Mike Ting:
Work Paper PGECOFST102		N/A		$2,583

Mike Ting: Mike Ting:
per unit, assumed 45-65 lbs oil capacity		N/A		$1,017

Mike Ting: Mike Ting:
Work Paper PGECOFST102

		Electric convection oven (full size)				Per unit		Materials		Distributors (2)		5		$   2,755		$   6,763		Baseline average		$   4,709		N/A		N/A		N/A		$4,108

Mike Ting: Mike Ting:
Work Paper PGECOFST101		SCE's workpaper IMC for elec convection ovens is $490/unit. 

SDG&E and SCG workpapers use PG&E's IMC analysis and values for gas convection ovens.

								Materials				5		$   2,850		$   6,325		Measure average		$   4,119		N/A		N/A		N/A		$5,115

Mike Ting: Mike Ting:
Work Paper PGECOFST101

								Materials				10		N/A		N/A		Matched pair IMC		$   (590)		N/A		N/A		N/A		-

								Materials*				10		N/A		N/A		Sample average IMC		$   (590)		N/A		N/A		N/A		$1,007

Mike Ting: Mike Ting:
Work Paper PGECOFST101

		Gas convection oven (full size)				Per unit		Materials		Distributors (5)		2		$   2,990		$   3,112		Baseline average		$   3,261		N/A		N/A		N/A		$4,349

Mike Ting: Mike Ting:
Work Paper PGECOFST101

								Materials				2		$   3,243		$   3,278		Measure average		$   3,051		N/A		N/A		N/A		$5,526

Mike Ting: Mike Ting:
Work Paper PGECOFST101

								Materials				4		N/A		N/A		Matched pair IMC		$   (210)		N/A		N/A		N/A		-

								Materials*				4		N/A		N/A		Sample average IMC		$   (210)		N/A		N/A		N/A		$1,177

Mike Ting: Mike Ting:
Work Paper PGECOFST101

		HVAC Maintenance

		Duct Testing and Sealing		169, 170-172, 10049, 10050, 10055, 10056, 10061, 10062, 100141, 100176		Per dwelling		Materials		DI contractors		2		$   23.89		$   119.00		Sample average		$   71.45		$55.75		$16.67		N/A		N/A

								Labor				2		$   171.00		$   191.48		Sample average		$   181.24		$441.87		$91.24		N/A		N/A

								Total				2		$   194.89		$   310.48		Sum of averages		$   252.69		$497.62		$107.91		$614.00		N/A

								Total*				7		$   113.00		$   325.00		Sample average		$   270.75		-		-		N/A		N/A

		Refrigerant Charging and Adjustment		143, 144, 1179, 10045-10048, 10051-10054, 10057-10060, 10063-10070, 100134, 100135		Per ton cooling served		Materials		DI contractors		10		$   - 0		$   28.00		Sample average		$   9.92		$11.55

Mike Ting: Mike Ting:
DEER2008 included four separate estimates for refrigerant charging: correcting under-charge (typical, high) and correcting over-charge (typical, high). The labor costs were estimated to be identical, with only materials costs varying from $5.58 to $19.93 per ton. The benchmark provided here reflects the average material cost across the four charge scenarios, which is associated with the correcting "typical" under-charge scenario.		$14.11

Mike Ting: Mike Ting:
DEER2005 included two separate estimates for refrigerant charging: correcting "typical" under-charge and correcting "high" under-charge. The labor costs were estimated to be nearly identical, with only materials costs varying from $10.36 to $17.87 per ton. The benchmark provided here reflects the simple average material cost across the two scenarios.		N/A		N/A

								Labor				10		$   9.00		$   75.00		Sample average		$   26.78		$36.82		$28.23		N/A		N/A

								Total				10		$   9.00		$   103.00		Sum of averages		$   36.70		$48.37		$42.35		N/A		N/A

		Evaporator Coil Cleaning (nonres)		100175		Per ton cooling served		Materials		DI contractors		5		$   - 0		$   19.84		Sample average		$   7.98		N/A		$0.00		N/A		N/A

								Labor				5		$   15.87		$   65.00		Sample average		$   33.69		N/A		$35.11		N/A		N/A

								Total				5		$   15.87		$   84.84		Sum of averages		$   41.67		N/A		$35.11		N/A		N/A

		Condenser Coil Cleaning (nonres)		100119, 100120		Per ton cooling served		Materials		DI contractors		6		$   - 0		$   17.54		Sample average		$   6.73		N/A		N/A		N/A		N/A

								Labor				6		$   14.03		$   39.59		Sample average		$   25.65		N/A		N/A		N/A		N/A

								Total				6		$   14.03		$   57.13		Sum of averages		$   32.38		N/A		N/A		N/A		N/A

		Economizer repair		9049, 100056, 100152, 100153		Per ton cooling served		Materials		DI contractors		11		$   10.00		$   43.73		Sample average		$   19.64		$0.00		$0.00		N/A		N/A

								Labor				11		$   6.38		$   65.00		Sample average		$   19.78		$73.65		$41.71		N/A		N/A

								Total				11		$   16.38		$   108.73		Sum of averages		$   39.42		$73.65		$41.71		N/A		N/A

								Total*				13		$   23.69		$   100.00		Sample average		$   47.62		-		-		N/A		N/A

		Water Heating

		Pipe Insulation (SHW)		100066, 100067		Per linear foot		Materials		DI contractors		4		$   3.95		$   11.74		Sample average		$   8.98		$0.88		$0.37		N/A		ERROR:#REF!

Mike Ting: Mike Ting:
Source = RSMeans 2013 (installation of closed cell foam insulation on SHW pipes, averaged across estimates for 0.5" to 1.5" pipes)		RSMeans material prices are consistent with average price of an online sample of "top seller" qualifying products (assuming 40% contractor markup)

								Labor				3		$   11.30		$   15.00		Sample average		$   13.77		$3.63		$2.44		N/A		ERROR:#REF!

Mike Ting: Mike Ting:
Source = RSMeans 2013 (installation of closed cell foam insulation on SHW pipes, averaged across estimates for 0.5" to 1.5" pipes)

								Total				7		$   15.25		$   26.74		Sum of averages		$   22.75		$4.51		$2.81		$2.33		ERROR:#REF!

Mike Ting: Mike Ting:
Source = RSMeans 2013 (installation of closed cell foam insulation on SHW pipes, averaged across estimates for 0.5" to 1.5" pipes)

		Pipe Insulation (steam)		100068, 100069, 100070, 100071		Per linear foot		Materials		DI contractors		2		$   11.42		$   12.94		Sample average		$   12.18		N/A		N/A		N/A		ERROR:#REF!

Mike Ting: Mike Ting:
Source = RSMeans 2013 (installation of closed cell foam insulation on HVAC/R pipes, averaged across estimates for 0.5" to 1.5" pipes)		DI prices appear to include labor, given RSMeans benchmarks

								Labor				2		$   - 0		$   - 0		Sample average		$   - 0		N/A		N/A		N/A		ERROR:#REF!

Mike Ting: Mike Ting:
Source = RSMeans 2013 (installation of closed cell foam insulation on HVAC/R pipes, averaged across estimates for 0.5" to 1.5" pipes)

								Total				2		$   11.42		$   12.94		Sum of averages		$   12.18		N/A		N/A		N/A		ERROR:#REF!

Mike Ting: Mike Ting:
Source = RSMeans 2013 (installation of closed cell foam insulation on HVAC/R pipes, averaged across estimates for 0.5" to 1.5" pipes)

		Lowflow Showerheads		100012, 100018, 100024, 100030		Per showerhead		Materials		DI contractors		9		$   5.45		$   29.22		Sample average		$   18.50		$29.22		$22.95		$9.23		$29.63

Mike Ting: Mike Ting:
Simple average of the 3 "top seller" qualifying units from Grainger and 10 "top seller" qualifying units from Home Depot. Note these reflect full retail prices.

								Labor				9		$   5.72		$   27.95		Sample average		$   15.67		$16.74		$15.00		$10.77		N/A

								Total				9		$   11.17		$   57.17		Sum of averages		$   34.17		$45.96		$37.95		$20.00		N/A

								Total*				13		$   16.75		$   48.00		Sample average		$   34.91		-		-		N/A		N/A

		Pool covers (nonres)		100004, 100005		Per square foot		Materials		DI contractors		9		$   1.95		$   2.60		Sample average		$   2.20		N/A		N/A		N/A		N/A

								Materials+

Mike Ting: Mike Ting:
includes min 5-yr warranty, storage spools, and winder																				

Mike Ting: Mike Ting:
Source = RSMeans 2013 (installation of closed cell foam insulation on SHW pipes, averaged across estimates for 0.5" to 1.5" pipes)		

Mike Ting: Mike Ting:
Source = RSMeans 2013 (installation of closed cell foam insulation on HVAC/R pipes, averaged across estimates for 0.5" to 1.5" pipes)		

Mike Ting: Mike Ting:
Source = RSMeans 2013 (installation of closed cell foam insulation on HVAC/R pipes, averaged across estimates for 0.5" to 1.5" pipes)		16		$   3.30		$   16.81		Sample average		$   8.31		N/A		N/A		N/A		N/A

		Appliances & Electronics

		Network Power Management Software		100074		Per client PC		Materials		Vendors		9		$   6.00		$   33.00		Sample average		$   17.07		N/A		N/A		N/A		$   20.00

Mike Ting: Mike Ting:
Work Papers PGECOCOM105/SDGENROE0001.

Work Paper SCE13OE001 uses same license cost ($20/client) but includes installation labor ($9/client).

		Ref/freezer Recycling (res)		15, 16, 10025, 10026, 10027, 10031-10033, 10071-10102		Per unit		Total

Mike Ting: Mike Ting:
																				

Mike Ting: Mike Ting:
Source = RSMeans 2013 (installation of closed cell foam insulation on HVAC/R pipes, averaged across estimates for 0.5" to 1.5" pipes)		

Mike Ting: Mike Ting:
Simple average of the 3 "top seller" qualifying units from Grainger and 10 "top seller" qualifying units from Home Depot. Note these reflect full retail prices.		

Mike Ting: Mike Ting:
Work Papers PGECOCOM105/SDGENROE0001.

Work Paper SCE13OE001 uses same license cost ($20/client) but includes installation labor ($9/client).		DI contractors		2		$   72.00		$   84.00		Sample average		$   78.00		$77.13		$97.75		N/A		N/A

								Total (2+ units)				2		$   36.00		$   64.00		Sample average		$   50.00		$77.13		$97.75		N/A		N/A

		Ref/freezer Recycling (nonres)				Per unit		Total		DI contractors		2		$   72.00		$   84.00		Sample average		$   78.00		$77.13		$97.75		N/A		N/A

								Total (2+ units)				16		$   36.00		$   64.00		Sample average		$   46.56		$77.13		$97.75		N/A		N/A

		Building Shell (Ag)

		IR film		19, 20, 21, 22, 100177		Per square foot		Materials		Distributors (4)		21		$   0.085		$   0.140		Baseline average		$   0.113		N/A		N/A		N/A		N/A

								Materials				29		$   0.118		$   0.160		Measure average		$   0.128		N/A		N/A		N/A		N/A

								Materials				50		N/A		N/A		Matched pair IMC		$   0.020		N/A		N/A		N/A		N/A

								Materials*				50		N/A		N/A		Sample average IMC		$   0.015		N/A		N/A		N/A		$   0.021

Mike Ting: Mike Ting:
Work Paper PGECOAGR102
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DEER 08 Res - Shwrhd & Aerators







				Cost Case Reporting Table																								Incremental Cost Reporting Table

				Cost Case Description		Cost Case ID		Program Delivery Strategies		Material Cost		 Installation Man Hours - Retrofit		 Installation Labor Cost - Retrofit		 Installation Man Hours - New		 Installation Labor Cost - New		Climate Labor Multiplier Reference		Labor Base Wage Rate Reference		Normalizing Unit				Program Delivery Strategies		Measure Material Cost Case ID		Measure Material Cost		Base Case -Code/Standard Cost Case ID		Base Case -Code/Standard Material Cost		Base Case -Code/Standard Incremetnal Material Cost		Base Case -Market Average Cost Case ID		Base Case -Market Average Material Cost		Base Case -Market Average Incremetnal Material Cost		Base Case -Customer Average Cost Case ID		Base Case -Customer Average Material Cost		Base Case -Customer Average Incremental Material Cost

				Faucet Aerators - 0.5 gal/minute		HWU-0p5G		Downstream Prescriptive Rebates/Incentives		$6.54		$0.12		$6.70		TBD		TBD		PL50		R-DHW-LF		Unit				Downstream Prescriptive Rebates/Incentives		HWU-0p5G		$6.54		Faucet Aerators - 2.2 gal/minute		$3.74		$2.80		[none specified]		ERROR:#N/A		ERROR:#N/A		No Faucet Aerators		$0.00		$6.54

				Low Flow Showerhead - 0.25 gal/minute		HWU-LI-0p25gpm		Downstream Prescriptive Rebates/Incentives		$29.22		$0.30		$16.74		TBD		TBD		PL50		R-DHW-LF		Unit				Downstream Prescriptive Rebates/Incentives		HWU-0p5G		$6.54		Faucet Aerators - 2.2 gal/minute		$3.74		$2.80		[none specified]		ERROR:#N/A		ERROR:#N/A		No Faucet Aerators		$0.00		$6.54

				Faucet Aerators - 0.5 gal/minute		HWU-0p5G		Downstream Prescriptive Rebates/Incentives		$6.54		$0.12		$6.70		TBD		TBD		PL50		R-DHW-LF		Unit				Downstream Prescriptive Rebates/Incentives		HWU-LI-0p25gpm		$29.22		showerhead - 2.5 gal/minute		$14.32		$14.90		[none specified]		ERROR:#N/A		ERROR:#N/A		Standard Showerhead		$0.00		$29.22

				Low Flow Showerhead - 2.5 gal/minute		HWU-LI-0p2p5gpm		Downstream Prescriptive Rebates/Incentives		$29.22		$0.30		$16.74		TBD		TBD		PL50		R-DHW-LF		Unit				Downstream Prescriptive Rebates/Incentives		HWU-LI-0p2p5gpm		$29.22		showerhead - 2.5 gal/minute		$29.22		$0.00		[none specified]		ERROR:#N/A		ERROR:#N/A		Standard Showerhead		$0.00		$29.22

				Code Standard - showerhead - 2.5 gal/minute		showerhead - 2.5 gal/minute		Downstream Prescriptive Rebates/Incentives		$14.32		$0.30		$16.74		TBD		TBD		PL50		R-DHW-LF		Unit

				Code Standard - Faucet Aerators - 2.2 gal/minute		Faucet Aerators - 2.2 gal/minute		Downstream Prescriptive Rebates/Incentives		$3.74		$0.30		$16.74		TBD		TBD		PL50		R-DHW-LF		Unit



																Aerator:		$13.24

						Labor Base Wage Rate Table														$31.06

						Reference		Sector		Measure Category		Measure Subcategory		Program Delivery Strategies		Base Labor Rate

						R-DHW-LF		Residential		Domestic Hot Water		Water Conservation		Downstream Prescriptive Rebates/Incentives		$49







						Climate Multiplier Table: PL50

						Climate Zone		Reference City		Material		Installation

						1		Eureka		0.96		1.13

						2		Santa Rosa		0.96		1.47

						3		San Francisco		1.00		1.48

						4		San Jose		1.00		1.35

						5		San Luis Obispo		0.96		1.07

						6		Santa Barbara		1.00		1.08

						7		San Diego		1.00		1.06

						8		Santa Ana		0.96		1.07

						9		Los Angeles		1.00		1.08

						10		Riverside		1.00		1.08

						11		Redding		1.00		1.08

						12		Sacramento		1.00		1.10

						13		Fresno		1.00		1.16

						14		Mojave		0.96		1.04

						15		Palm Springs		0.96		1.07

						16		Susanville		0.96		1.08

						Average				0.983		1.148
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Summary


The Database for Energy Efficient Resources (DEER) provides estimates of the energy-savings potential and projected costs for energy efficiency measures (EEMs) in residential and nonresidential applications.  Updates to the DEER have been developed by the California Public Utilities Commission (CPUC) with funding provided by California ratepayers.  This report includes current cost estimates for select EEMs in the commercial and industrial refrigeration sector.  Costs were estimated for the following EEMs:


· Walk-in box door closers


· Retrofit Glass Doors on Open Medium-Temperature Refrigerated Display Cases 


· Replace Open Medium-Temperature Display Cases with New Cases with Reach-In Doors 


· Evaporator Fan Controls



· Floating Suction Pressure



· Floating Head Pressure


· High-Efficiency Fan Motors on Walk-Ins and Display Cases



In addition, the following measures are proposed for inclusion in the DEER:



· Walk-in box door closers, for doors greater than 42” wide


· Strip curtains on walk-in box doors


· Evaporator Fan Controls for Motors >1 HP and/or >460 Volts


· LED Display Case Lights


A summary of the EEM costs for each measure are presented in the tables below:



Summary Table - Commercial Measures
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Base of 



Measure Cost Units



Equipment 



Cost (per unit)



Labor 



Cost    (per 



unit)



Installed 



Cost        



(per unit) Notes



D03-202 High-efficiency walk-in fan motors retrofit $/motor $226.20 $42.81 $269.01



D03-203 High-efficiency door display case fan motors retrofit $/motor $122.41 $18.30 $140.71



D03-203 High-efficiency open display case fan motors retrofit $/motor $122.41 $19.29 $141.70



D03-206 Medium Temp Glass Doors retrofit $/ft of case $320.84 $176.98 $497.82



D03-207 New Med. Temp Display Case with Doors retrofit $/ft of case $686.29 $322.38 $1,008.67



D03-208 Auto-closers on Main Cooler Doors, under 42" wide retrofit $/door $155.67 $70.78 $226.45



TBD Auto-closers on Main Cooler Doors, over 42" wide retrofit $/door $917.19 $140.36 $1,057.55



D03-209 Auto-closers on Main Freezer Doors, under 42" wide retrofit $/door $155.67 $70.78 $226.45



TBD Auto-closers on Main Freezer Doors, over 42" wide retrofit $/door $917.19 $140.36 $1,057.55



D03-210 Evaporator Fan Control on Walk-in Coolers & Freezers, <1 HP new $/motor $0.00 $0.00 $0.00 Standard Offering from Multiple Mfrs



D03-210 Evaporator Fan Control on Walk-in Coolers & Freezers, <1 HP retrofit $/motor $420.95 $199.55 $620.50



TBD Evaporator Fan Control on Walk-in Coolers & Freezers, >1 HP new $/motor $1,212.12 $762.14 $1,974.26



TBD Evaporator Fan Control on Walk-in Coolers & Freezers >1 HP retrofit $/motor $762.14 $762.14 $1,974.26



D03-220 Floating Suction Pressure new $/Suct. Grp. $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-220 Floating Suction Pressure retrofit $/Suct. Grp. $6,210.30 $7,944.02 $14,154.32



D03-221 Floating Head Pressure (FHP), Fixed Setpoint (air-cooled) new $/Discharge Grp $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-221 Floating Head Pressure (FHP), Fixed Setpoint (air-cooled) retrofit $/Discharge Grp $4,008.68 $4,673.43 $8,682.11



D03-222 FHP, Fixed Setpoint (evap-cooled) new $/Discharge Grp $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-222 FHP, Fixed Setpoint (evap-cooled) retrofit $/Discharge Grp $4,008.68 $4,673.43 $8,682.11



D03-223 FHP, Variable Setpoint (air-cooled) new $/Discharge Grp $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-223 FHP, Variable Setpoint (air-cooled) retrofit $/Discharge Grp $4,406.24 $4,882.31 $9,288.55



D03-224 FHP, Variable Setpoint (evap-cooled) new $/Discharge Grp $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-224 FHP, Variable Setpoint (evap-cooled) retrofit $/Discharge Grp $4,709.27 $4,897.46 $9,606.73



D03-225 FHP, Variable Setpt & Speed (air-cooled) new $/Discharge Grp $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-225 FHP, Variable Setpt & Speed (air-cooled) retrofit $/Discharge Grp $6,241.47 $8,183.98 $14,425.45



D03-226 FHP, Variable Setpt & Speed (evap-cooled) new $/Discharge Grp $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-226 FHP, Variable Setpt & Speed (evap-cooled) retrofit $/Discharge Grp $7,390.00 $8,241.40 $15,631.40



TBD Strip Curtains on Walk-Ins, Doors 42" Wide or Less retrofit $/SF $8.97 $3.45 $12.42



TBD Strip Curtains on Walk-Ins, Doors greater than 42" Wide retrofit $/SF $10.75 $2.04 $12.78



TBD LED lights in reach-in display cases retrofit $/mullion $178.05 $40.24 $218.29



TBD LED lights in open display cases retrofit $/lamp $219.17 $30.70 $249.87






Summary Table – Industrial Measures
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ID Measure Description



Base of 



Measure Cost Unit



Equipment 



Cost (per 



unit)



Labor 



Cost    (per 



unit)



Installed 



Cost        



(per unit) Notes



D03-306 Floating suction pressure new $/suct grp $0 $0 $0 All hardware requirements are standard on new systems.  Does not qualify under criteria described in utility workpapers



D03-306 Floating suction pressure retrofit $/suct grp $4,865 $7,877 $12,742



D03-307 FHP, fixed setpoint (evap cooled) new $/disch grp $0 $0 $0 Required per T24.  Scope limited to retrofit on workpapers



D03-307 FHP, fixed setpoint (evap cooled) retrofit $/disch grp $2,012 $4,574 $6,586



D03-308 FHP, variable setpt (evap cooled) new $/disch grp $0 $0 $0 Required per T24.  Scope limited to retrofit on workpapers



D03-308 FHP, variable setpt (evap cooled) retrofit $/disch grp $2,713 $4,798 $7,510



D03-309 FHP, VSP and VFD (evap cooled) new $/disch grp $0 $0 $0 Required per T24.  Scope limited to retrofit on workpapers



D03-309 FHP, VSP and VFD (evap cooled) retrofit $/disch grp $5,894 $8,241 $14,135






The approach for each measure cost analysis gave consideration to the elements which were most important, to avoid details that minimally affected bottom-line measure cost.  In some instances, this required more focus on the hardware costs, and in others an understanding of installation labor or other factors was more important.  Most measures required engineering of a sample system configuration and hardware selections.  


The cost buildups incorporated sections for hardware and parts costs, either as a full cost or incremental comparison, along with a section for labor (design, construction, start-up and fine-tuning), project management, and other factors that would normally be incurred.  Equipment and materials costs were obtained by several general methods, depending on the subject hardware:



· Published list prices, with multipliers applied for contractor or end-user.  Multipliers were obtained from both OEMs and contractors and compared with past experience.



· RFPs for specific equipment or parts selections, from manufacturers or OEMs.  



· Parts price quotes from refrigeration wholesalers.  



· Certain measure costs were pursued from California refrigeration contractors, including Source Refrigeration, Hussmann (Ingersoll-Rand) and others.  


Labor Costs



The following labor cost assumptions were used in the EEM cost buildups:


			Classification


			Labor Rate





			Commercial Store Employee


			$8.00/hr (minimum wage)





			Laborer, General Service


			$60.00/hr





			Fabricator


			$60.00/hr





			Field Technician


			$90.00/hr





			Engineer


			$95.00/hr





			Programmer


			$115.00/hr








Measure: High-Efficiency Fan Motors



Measure Description


Replace shaded pole or permanent split capacitor (PSC) motors on walk-in and display case evaporator coils with electronically-commutated (EC motors)


Measure Type: Retrofit, Replace-on-burnout


Base Case by Vintage:



· < 1978: Shaded pole motors


· 1978-1991: Shaded pole motors


· 1992-2000: Shaded pole motors


· 2000-2005: Shaded pole motors


· 2005: Permanent split capacitor (PSC) motors


· New-Construction Code Minimums:  



· Federal legislation HR6 - Energy Independence and Security Act (EISA) of 2009 requires all walk-in evaporator fan motors less than 1 HP to be either EC or AC induction motors



· California Title 20 codes are same as EISA regulations



· Federal requirements for refrigerated display cases impose limits on the total daily allowed energy usage by these fixtures.  It is accepted in the industry that the federal requirements inherently limit new display cases to using LED lamps in reach-in door cases, and EC fan motors in both LT reach-in door cases and open MT cases.



Changes to Measure Subdivisions


None



Measure Notes



			Measure Description and DEER Database ID


			Cost Analysis Subdivisions


			Costing Basis


			Costing Method





			Substitute high-efficiency EC motors for permanent split capacitor (PSC) motors on walk-in unit cooler fans



D03-202


			Walk-In, Retrofit or replace-on-burnout


			Walk-in cooler, two 2-fan unit coolers, 1/15 HP motors.  Assume drop-in replacement


			Build up costs consisting of hardware, installation, and contractor mark-ups.  Verify with contractor estimates.





			Substitute high-efficiency EC motors for permanent split capacitor (PSC) motors refrigerated display case fans



D03-203


			Reach-In Display Case, Retrofit or replace-on-burnout


			124 feet (62 door) LT reach-in display case lineup with 1/60 HP fan motors, assume 1 fan motor per door (62 motors).  Assume store handles emptying/re-stocking the display case


			Build up costs consisting of hardware, installation, and contractor mark-ups.  Verify with contractor estimates.





			


			Open Display Case, Retrofit or Replace-on-burnout


			60 feet open MT multi-deck deli display case with 1/60 HP fan motors, assume 3 fans per 12-ft case (15 motors).  Assume store handles emptying/re-stocking the display case


			Build up costs consisting of hardware, installation, and contractor mark-ups.  Verify with contractor estimates.








· Walk-in fan motors
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1 1/15 or 1/20 HP, 2-speed Frigitek Motor 4 $147.10



2 Brushless DC Motor, ECM,1/15 HP, 1550 rpm, 115 V Grainger Motor 4 $141.75



3 Brushless DC Motor, ECM,1/15 HP, 1550 rpm, 208-230 V Grainger Motor 4 $140.62



4 Brushless DC Motor, ECM,1/15 HP, 1550 rpm, 115 V Sierra Business Council Motor 4 $169.86



5 Average 4 $149.83 0.34 $905



6 Materials



7 None.  Assume drop-in replacement $0



8 Labor and Subcontracts



9 Installation Labor Estimate person-hrs 2 $60 $120



10 Others



11 Taxes and Permits % 0% $0



12 Contingency Costs % 5% $51



  $1,076



  Per Motor 4



  $/Motor $269.01 Costing Units 



Units Qty Cost ea.



Contractor



Margin Price



Total  



Total Capacity or Size 



Item Description Source






· Door display case fan motors
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1 Brushless DC Motor, ECM, 1/60 HP, 1550 rpm Grainger Motor 62 $79



2 Brushless DC Motor, ECM, 4-12 Watt/120 V Sierra Business Council Motor 62 $83



3 Brushless DC Motor, ECM, 4-12 Watt/240 V Sierra Business Council Motor 62 $95



4 Brushless DC Motor, ECM, 16 Watt/120 V Sierra Business Council Motor 62 $88



5 Brushless DC Motor, ECM, 16 Watt/240 V Sierra Business Council Motor 62 $99



6 Average Motor 62 $81.09 0.34 $7,590



7 Materials



8 None.  Assume drop-in replacement $0



9 Labor and Subcontracts



10 Installation Labor Estimate person-hours 10 $60 $620



11 Labor to Load/Unload Case Estimate person-hours 12 $8 $99



12 Others



13 Taxes and Permits % 0% $0



14 Contingency Costs % 5% $415.44



  $8,724



  Per Motor 62



  $/Motor $140.71



Cost ea.



Contractor



Margin Price



Total  



Total Capacity or Size 



Costing Units 



Units Qty Item Description Source






· Open upright display case fan motors



[image: image7.emf] Equipment 



1 Brushless DC Motor, ECM, 1/60 HP, 1550 rpm Grainger Motor 15 $79



2 Brushless DC Motor, ECM, 4-12 Watt/120 V Sierra Business Council Motor 15 $83



3 Brushless DC Motor, ECM, 4-12 Watt/240 V Sierra Business Council Motor 15 $95



4 Brushless DC Motor, ECM, 16 Watt/120 V Sierra Business Council Motor 15 $88



5 Brushless DC Motor, ECM, 16 Watt/240 V Sierra Business Council Motor 15 $99



6 Average Motor 15 $81.09 0.34 $1,836



7 Materials



8 None.  Assume drop-in replacement $0



9 Labor and Subcontracts



10 Installation Labor Estimate person-hrs 3 $60 $150



11 Labor to Load/Unload Case Estimate person-hours 5 $8 $40



12 Others



13 Taxes and Permits % 0% $0



14 Contingency Costs % 5% $99



  $2,125



  Per Motor 15



  $/Motor $141.70



Item Description Source Units Qty Cost ea.



Contractor



Margin Price



Total  



Total Capacity or Size 



Costing Units 
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Summary


The Database for Energy Efficient Resources (DEER) provides estimates of the energy-savings potential and projected costs for energy efficiency measures (EEMs) in residential and nonresidential applications.  Updates to the DEER have been developed by the California Public Utilities Commission (CPUC) with funding provided by California ratepayers.  This report includes current cost estimates for select EEMs in the commercial and industrial refrigeration sector.  Costs were estimated for the following EEMs:


· Walk-in box door closers


· Retrofit Glass Doors on Open Medium-Temperature Refrigerated Display Cases 


· Replace Open Medium-Temperature Display Cases with New Cases with Reach-In Doors 


· Evaporator Fan Controls



· Floating Suction Pressure



· Floating Head Pressure


· High-Efficiency Fan Motors on Walk-Ins and Display Cases



In addition, the following measures are proposed for inclusion in the DEER:



· Walk-in box door closers, for doors greater than 42” wide


· Strip curtains on walk-in box doors


· Evaporator Fan Controls for Motors >1 HP and/or >460 Volts


· LED Display Case Lights


A summary of the EEM costs for each measure are presented in the tables below:



Summary Table - Commercial Measures
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Base of 



Measure Cost Units



Equipment 



Cost (per unit)



Labor 



Cost    (per 



unit)



Installed 



Cost        



(per unit) Notes



D03-202 High-efficiency walk-in fan motors retrofit $/motor $226.20 $42.81 $269.01



D03-203 High-efficiency door display case fan motors retrofit $/motor $122.41 $18.30 $140.71



D03-203 High-efficiency open display case fan motors retrofit $/motor $122.41 $19.29 $141.70



D03-206 Medium Temp Glass Doors retrofit $/ft of case $320.84 $176.98 $497.82



D03-207 New Med. Temp Display Case with Doors retrofit $/ft of case $686.29 $322.38 $1,008.67



D03-208 Auto-closers on Main Cooler Doors, under 42" wide retrofit $/door $155.67 $70.78 $226.45



TBD Auto-closers on Main Cooler Doors, over 42" wide retrofit $/door $917.19 $140.36 $1,057.55



D03-209 Auto-closers on Main Freezer Doors, under 42" wide retrofit $/door $155.67 $70.78 $226.45



TBD Auto-closers on Main Freezer Doors, over 42" wide retrofit $/door $917.19 $140.36 $1,057.55



D03-210 Evaporator Fan Control on Walk-in Coolers & Freezers, <1 HP new $/motor $0.00 $0.00 $0.00 Standard Offering from Multiple Mfrs



D03-210 Evaporator Fan Control on Walk-in Coolers & Freezers, <1 HP retrofit $/motor $420.95 $199.55 $620.50



TBD Evaporator Fan Control on Walk-in Coolers & Freezers, >1 HP new $/motor $1,212.12 $762.14 $1,974.26



TBD Evaporator Fan Control on Walk-in Coolers & Freezers >1 HP retrofit $/motor $762.14 $762.14 $1,974.26



D03-220 Floating Suction Pressure new $/Suct. Grp. $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-220 Floating Suction Pressure retrofit $/Suct. Grp. $6,210.30 $7,944.02 $14,154.32



D03-221 Floating Head Pressure (FHP), Fixed Setpoint (air-cooled) new $/Discharge Grp $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-221 Floating Head Pressure (FHP), Fixed Setpoint (air-cooled) retrofit $/Discharge Grp $4,008.68 $4,673.43 $8,682.11



D03-222 FHP, Fixed Setpoint (evap-cooled) new $/Discharge Grp $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-222 FHP, Fixed Setpoint (evap-cooled) retrofit $/Discharge Grp $4,008.68 $4,673.43 $8,682.11



D03-223 FHP, Variable Setpoint (air-cooled) new $/Discharge Grp $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-223 FHP, Variable Setpoint (air-cooled) retrofit $/Discharge Grp $4,406.24 $4,882.31 $9,288.55



D03-224 FHP, Variable Setpoint (evap-cooled) new $/Discharge Grp $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-224 FHP, Variable Setpoint (evap-cooled) retrofit $/Discharge Grp $4,709.27 $4,897.46 $9,606.73



D03-225 FHP, Variable Setpt & Speed (air-cooled) new $/Discharge Grp $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-225 FHP, Variable Setpt & Speed (air-cooled) retrofit $/Discharge Grp $6,241.47 $8,183.98 $14,425.45



D03-226 FHP, Variable Setpt & Speed (evap-cooled) new $/Discharge Grp $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-226 FHP, Variable Setpt & Speed (evap-cooled) retrofit $/Discharge Grp $7,390.00 $8,241.40 $15,631.40



TBD Strip Curtains on Walk-Ins, Doors 42" Wide or Less retrofit $/SF $8.97 $3.45 $12.42



TBD Strip Curtains on Walk-Ins, Doors greater than 42" Wide retrofit $/SF $10.75 $2.04 $12.78



TBD LED lights in reach-in display cases retrofit $/mullion $178.05 $40.24 $218.29



TBD LED lights in open display cases retrofit $/lamp $219.17 $30.70 $249.87






Summary Table – Industrial Measures
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ID Measure Description



Base of 



Measure Cost Unit



Equipment 



Cost (per 



unit)



Labor 



Cost    (per 



unit)



Installed 



Cost        



(per unit) Notes



D03-306 Floating suction pressure new $/suct grp $0 $0 $0 All hardware requirements are standard on new systems.  Does not qualify under criteria described in utility workpapers



D03-306 Floating suction pressure retrofit $/suct grp $4,865 $7,877 $12,742



D03-307 FHP, fixed setpoint (evap cooled) new $/disch grp $0 $0 $0 Required per T24.  Scope limited to retrofit on workpapers



D03-307 FHP, fixed setpoint (evap cooled) retrofit $/disch grp $2,012 $4,574 $6,586



D03-308 FHP, variable setpt (evap cooled) new $/disch grp $0 $0 $0 Required per T24.  Scope limited to retrofit on workpapers



D03-308 FHP, variable setpt (evap cooled) retrofit $/disch grp $2,713 $4,798 $7,510



D03-309 FHP, VSP and VFD (evap cooled) new $/disch grp $0 $0 $0 Required per T24.  Scope limited to retrofit on workpapers



D03-309 FHP, VSP and VFD (evap cooled) retrofit $/disch grp $5,894 $8,241 $14,135






The approach for each measure cost analysis gave consideration to the elements which were most important, to avoid details that minimally affected bottom-line measure cost.  In some instances, this required more focus on the hardware costs, and in others an understanding of installation labor or other factors was more important.  Most measures required engineering of a sample system configuration and hardware selections.  


The cost buildups incorporated sections for hardware and parts costs, either as a full cost or incremental comparison, along with a section for labor (design, construction, start-up and fine-tuning), project management, and other factors that would normally be incurred.  Equipment and materials costs were obtained by several general methods, depending on the subject hardware:



· Published list prices, with multipliers applied for contractor or end-user.  Multipliers were obtained from both OEMs and contractors and compared with past experience.



· RFPs for specific equipment or parts selections, from manufacturers or OEMs.  



· Parts price quotes from refrigeration wholesalers.  



· Certain measure costs were pursued from California refrigeration contractors, including Source Refrigeration, Hussmann (Ingersoll-Rand) and others.  


Labor Costs



The following labor cost assumptions were used in the EEM cost buildups:


			Classification


			Labor Rate





			Commercial Store Employee


			$8.00/hr (minimum wage)





			Laborer, General Service


			$60.00/hr





			Fabricator


			$60.00/hr





			Field Technician


			$90.00/hr





			Engineer


			$95.00/hr





			Programmer


			$115.00/hr








Measure: Retrofit Glass Doors on Open Medium-Temperature Refrigerated Display Cases



Measure Description


Add glass reach-in merchandizing doors to medium temperature open vertical refrigerated display cases


Measure Type: Retrofit


Base Case by Vintage:


· < 1978: No doors on open multi-deck cases


· 1978-1991: No doors on open multi-deck cases


· 1992-2000: No doors on open multi-deck cases


· >2000: No doors on open multi-deck cases


· New-Construction notes:  



· Measure does not apply for new construction projects—door cases would be ordered instead


Changes to Measure Subdivisions: 


None assumed


Measure Notes


Installers who perform this measure indicated that there is a large variation in price based on a number of factors.  One installer, who has completed over 90 projects nationwide, noted that they would like to develop a per-door or per-foot price model for marketing this measure, but to-date they are unable to do so because of the number of variables.   Technical considerations include:


· Whether the existing case has adjustable thermal expansion valve (TXVs) or if the TXV has to be replaced.  One installer indicated that every project requires a TXV change.


· Whether the store air conditioning system can handle the additional latent load that was previously handled by the display case.


· Whether the suction group serving the display case lineup has adequate capability to vary its capacity, since the suction group capacity is mismatched to the display case load after the retrofit.  If not, compressors must be removed (with suction and discharge header modifications) or replaced.



· Whether suction groups need to be re-headered to allow for higher rack saturated suction temperatures (SST).



· Whether the store uses distributed compressor racks, which present a unique challenge since smaller case loads cannot be combined to make use of existing line sets like they can be on stores with central compressor rooms.



· Whether the display cases themselves require modification beyond just the addition of doors.  One installer included removing select fans from display cases for additional energy savings.



Customers must also choose from several different cost-adding options, such as LED mullion lights versus T5 (although installers indicated that nearly all installations are now LED), and anti-sweat heater control options.  Depending on the application, customers sometimes choose to use shelf lighting instead of mullion lighting, which can either reduce cost if shelf lights were installed previously or increase cost if they must be installed.  



One installer indicated that the retrofit is sometimes not possible due to the proximity of the display case to dry product shelves or other adjacent door cases, since there must be adequate space in the aisle to accommodate shopping cart traffic when the display doors are open.


Most installers indicated that the cost for this measure is generally the same for larger national chains as it is for independent stores, although one installer had a reduced price for a large national account.



			Measure Description and DEER Database ID


			Cost Analysis Subdivisions


			Costing Basis


			Costing Method





			Retrofit glass doors on open MT cases, additional lighting



D03-206


			High-efficiency door, includes mullion anti-sweat heaters only (example: Anthony Eliminaator II, Anthony Vista C, Hussmann Innovator II and Innovator III)


			Retrofit 124’ of open MT deli case with reach-in doors, mullions, and LED mullion lights.  Adjust thermostatic expansion valves, replace suction line risers, electrical re-circuiting for LED lights and anti-sweat heaters, enclose both lineup ends, re-commission energy management system (EMS).  Assume dry product shelves do not need to be relocated to accommodate new reach-in case doors.


			Build up costs consisting of hardware, installation, refrigeration fine-tuning, disposal, and contractor mark-ups.  Verify with contractor estimates and quotes for turn-key retrofit programs








Measure Cost Build-Up
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1 Retrofit MT doors Hussmann Ft. 124 $285 included



2 Retrofit MT doors Styleline Ft. 124 $322 included



3 Retrofit MT doors Source Refrigeration Ft. 124 $385 included



4 Average Ft. 124 $303 $37,584



5 Materials



6 End Caps Anthony Int'l 2 $600 included $1,200



7 Electrical Materials to connect lights, anti-sweat heaters Estimate 1 $500 $500



8 Refrigeration piping and materials Estimate 1 $500 $500



9 Labor and Subcontracts



10 Survey and Engineering Estimate person-hrs 28 $95 $2,660



11 Labor to set doors Anthony Int'l person-hrs 78 $90 $7,020



12 Electrical re-circuiting Anthony Int'l person-hrs 10 $90 $900



13 Adjust expansion valves and EPRs Estimate person-hrs 16 $90 $1,440



14 Change suction risers Estimate person-hrs 20 $90 $1,800



15 Suction group changes Estimate person-hrs 20 $90 $1,800



16 EMS changes and system tuning Estimate person-hrs 8 $115 $920



17 Others



18 Taxes and Permits Estimate % 0% $0.00



19 Contingency Costs Estimate % 5% $2,816.19



20 Dumpster Fees Anthony Int'l Days 4 $71 $286



21 Freight Hussmann $3,500



22 Anthony Int'l $1,107



23 Average $2,304 $2,304



  $61,729



  Lin. Ft. of MT case 124



  $/Lin. Ft. of MT case $497.82



Units Qty Price



Contractor



Margin Description Source Cost ea.



Total  



Total Capacity or Size 



Costing Units 



Item






Benchmark Validation


			Vendor Quote


			Source


			Price/Door


			Notes





			1


			Anthony International


			$300


			Turn-key program (e.g. “Close the Case”) for a typical customer (e.g. not Walmart), bottom-of-the-line Anthony 101 doors.  Cost includes the doors, frames, mullions, new facing, LED lights, door installation labor, electrical re-circuiting, and adjusting expansion valves and EPRs.  The cost does not capture engineering costs, suction group adjustments (e.g. installing unloaders, removing or replacing compressors), changing suction risers.  These doors are deeply discounted off list price.  Anthony reports that these adjustments are contracted to outside refrigeration contractors.





			2


			Anthony International


			$328


			Turn-key program (e.g. “Close the Case”), Anthony Vista C doors, exclusive price offered only to Walmart.  Cost includes the doors, frames, mullions, new facing, LED lights, door installation labor, electrical re-circuiting, and adjusting expansion valves and EPRs.  The cost probably does not include engineering costs, suction group adjustments (e.g. installing unloaders, removing or replacing compressors), changing suction risers, or HVAC system modifications.  Anthony reports that these adjustments are contracted to outside refrigeration contractors.  Hardware costs are deeply discounted—the so called “turnkey” cost per foot for a whole project is cheaper than the purchase price offered to a more typical customer for just the door hardware.





			3


			Enreps LLC


			$350


			Enreps estimate for the low-end installed cost for doors, frames, LED lights.  This is using Remis doors, which do not have Anti-sweat heat in them and therefore do not require electrical recircuiting.  This price is for installing doors and related hardware only and does not include ANY refrigeration system adjustments.  





			4


			Anthony International


			$360


			Turn-key program (e.g. “Close the Case”) for a typical customer (e.g. not Walmart), using Anthony Vista B doors.  Cost includes the doors, frames, mullions, new facing, LED lights, door installation labor, electrical re-circuiting, and adjusting expansion valves and EPRs.  The cost probably does not include engineering costs, suction group adjustments (e.g. installing unloaders, removing or replacing compressors), changing suction risers, or HVAC system modifications.  Anthony reports that these adjustments are contracted to outside refrigeration contractors.  





			5


			Hussmann


			$388


			Built-up cost, EcoVision doors, includes door hardware with LED lights, installation costs, and adjusting or changing out the TXVs.  The cost ignores much of the refrigeration system adjustment costs, such as changing suction risers, compressor sequencing changes and/or swapping out compressors, suction line recircuiting (which could be a lot with Hussmann’s distributed “Protocol” refrigeration systems.





			6


			Enreps LLC


			$400


			Enreps estimate for the high-end installed cost for doors, frames, LED lights.  This is using Remis doors, which do not have Anti-sweat heat in them and therefore do not require electrical recircuiting.  This price is for installing doors and related hardware only and does not include ANY refrigeration system adjustments.  





			7


			Anthony International


			$450


			Turn-key program (e.g. “Close the Case”) for a typical customer (e.g. not Walmart), top-line Vista B doors.  Cost includes the doors, frames, mullions, new facing, LED lights, door installation labor, electrical re-circuiting, and adjusting expansion valves and EPRs.  The cost probably does not include engineering costs, suction group adjustments (e.g. installing unloaders, removing or replacing compressors), changing suction risers.  These doors are deeply discounted off list price.





			Measure Cost Buildup


			$497.82


			





			8


			Source Refrigeration


			$550


			Built-up price for stores in metro areas.  Includes survey, engineering, door cost, installation, EMS Commissioning and startup, freight, disposal, and travel.  This probably represents the most comprehensive cost build-up provided by any vendor.
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Measure: Replace Open Medium-Temperature Display Cases with New Cases with Reach-In Doors



Measure Description


Replace existing open medium-temperature fixtures with new fixtures having glass doors. The new fixtures are assumed to have standard doors, ECM motors, and LED lighting.


Measure Type: Retrofit


Base Case by Vintage:



· < 1978: Open MT cases


· 1978-1991: Open MT cases


· 1992-2000: Open MT cases


· >2000: Open MT cases


· New-Construction Code Minimums:  



· Not applicable.  Glass door cases would be specified for new-construction projects


Changes to Measure Subdivisions


None



Measure Notes



Installers for this measure cited many of the same challenges as the medium-temperature door retrofit measure for why it is difficult to quote a per-foot costing basis.  Like the door retrofit measure, the installer must consider suction riser changes, suction group changes (either removing or replacing compressors), and air conditioning changes if the existing AC system cannot handle the additional cooling requirement and latent load associated with changing from open case lineups to door cases.  Proximity to unrefrigerated product shelves was also cited as a potentially large cost adder if the shelves must be moved (one installer indicated that they had passed on several projects for this reason).  One installer indicated that the floor drains may need to be moved to accommodate a new display case design, which would require jackhammering the floor, although another installer stated that this wasn’t typically an issue.



			Measure Description and DEER Database ID


			Cost Analysis Subdivisions


			Costing Basis


			Costing Method





			Replace open MT cases with new case with doors



D03-207


			High-efficiency door, includes mullion anti-sweat heaters only (example: Anthony Eliminaator II, Anthony Vista C)


			Replace 124’ of open MT deli case with reach-in door cases.  Replace suction line risers, electrical re-circuiting for LED lights and anti-sweat heaters, re-commission energy management system (EMS).  Assume product shelves do not need to be relocated to accommodate new reach-in case doors.  Assume floor drains do not need to be relocated.


			Build up costs consisting of hardware, installation, refrigeration fine-tuning, disposal, and  contractor mark-ups.  Verify with contractor estimates.








Measure Cost Buildup


[image: image7.emf] Equipment 



1 New MT Glass Door Case Hussmann Ft. 124 $774 Included



2 New MT Glass Door Case Source Refrigeration Ft. 124 $550 Included



3 Average Ft. 124 $662 $82,100



4 Materials



5 Piping materials Estimate 1 $1,800 $1,800



6 Electrical materials to reconnect fans, lights, anti-sweat heaters Estimate 1 $1,200 $1,200



7 Labor and Subcontracts



8 Survey and Engineering Estimate person-hrs 28 $95 $2,660



9 Pump down system Estimate person-hrs 8 $90 $720



10 Remove old cases, reset new ones Estimate person-hrs 144 $90 $12,960



11 Electrical re-circuiting Estimate person-hrs 48 $90 $4,320



12 Change suction risers Estimate person-hrs 20 $90 $1,800



13 Charge and restart system Estimate person-hrs 8 $90 $720



14 Compressor sequencing changes Estimate person-hrs 20 $115 $2,300



15 EMS changes and system tuning Estimate person-hrs 8 $115 $920



16 Others



17 Taxes and Permits % 0% $0



18 Contingency Costs % 5% $5,575



19 Forklift, trucking (local) and disposal Estimate 1 $2,000 0.38 $2,760



20 Freight Hussmann 1 $5,500 0.00 $5,500



21 $0



22 $0



  $125,335



  Lin. Ft. of MT case 124



  $/Lin. Ft. of MT case $1,010.77



Item Units Qty



Contractor



Margin Source Description



Costing Units 



Total  



Total Capacity or Size 



Cost ea. Price






Benchmark Validation



[image: image8.emf]$0



$200



$400



$600



$800



$1,000



$1,200



1 2 MCS Build-Up Cost











image5.emf

Modeling 


Narrative_GlassDoo




Microsoft_Word_97_-_2003_Document3.doc

[image: image1.jpg]Itron








DEER Measure Cost Study


Summary Report: Autoclosers


Prepared by



[image: image2.png]VaCom

Technologies








San Luis Obispo, California


November 25, 2013



Summary


The Database for Energy Efficient Resources (DEER) provides estimates of the energy-savings potential and projected costs for energy efficiency measures (EEMs) in residential and nonresidential applications.  Updates to the DEER have been developed by the California Public Utilities Commission (CPUC) with funding provided by California ratepayers.  This report includes current cost estimates for select EEMs in the commercial and industrial refrigeration sector.  Costs were estimated for the following EEMs:


· Walk-in box door closers


· Retrofit Glass Doors on Open Medium-Temperature Refrigerated Display Cases 


· Replace Open Medium-Temperature Display Cases with New Cases with Reach-In Doors 


· Evaporator Fan Controls



· Floating Suction Pressure



· Floating Head Pressure


· High-Efficiency Fan Motors on Walk-Ins and Display Cases



In addition, the following measures are proposed for inclusion in the DEER:



· Walk-in box door closers, for doors greater than 42” wide


· Strip curtains on walk-in box doors


· Evaporator Fan Controls for Motors >1 HP and/or >460 Volts


· LED Display Case Lights


A summary of the EEM costs for each measure are presented in the tables below:



Summary Table - Commercial Measures



[image: image3.emf]Measure ID Measure Description



Base of 



Measure Cost Units



Equipment 



Cost (per unit)



Labor 



Cost    (per 



unit)



Installed 



Cost        



(per unit) Notes



D03-202 High-efficiency walk-in fan motors retrofit $/motor $226.20 $42.81 $269.01



D03-203 High-efficiency door display case fan motors retrofit $/motor $122.41 $18.30 $140.71



D03-203 High-efficiency open display case fan motors retrofit $/motor $122.41 $19.29 $141.70



D03-206 Medium Temp Glass Doors retrofit $/ft of case $320.84 $176.98 $497.82



D03-207 New Med. Temp Display Case with Doors retrofit $/ft of case $686.29 $322.38 $1,008.67



D03-208 Auto-closers on Main Cooler Doors, under 42" wide retrofit $/door $155.67 $70.78 $226.45



TBD Auto-closers on Main Cooler Doors, over 42" wide retrofit $/door $917.19 $140.36 $1,057.55



D03-209 Auto-closers on Main Freezer Doors, under 42" wide retrofit $/door $155.67 $70.78 $226.45



TBD Auto-closers on Main Freezer Doors, over 42" wide retrofit $/door $917.19 $140.36 $1,057.55



D03-210 Evaporator Fan Control on Walk-in Coolers & Freezers, <1 HP new $/motor $0.00 $0.00 $0.00 Standard Offering from Multiple Mfrs



D03-210 Evaporator Fan Control on Walk-in Coolers & Freezers, <1 HP retrofit $/motor $420.95 $199.55 $620.50



TBD Evaporator Fan Control on Walk-in Coolers & Freezers, >1 HP new $/motor $1,212.12 $762.14 $1,974.26



TBD Evaporator Fan Control on Walk-in Coolers & Freezers >1 HP retrofit $/motor $762.14 $762.14 $1,974.26



D03-220 Floating Suction Pressure new $/Suct. Grp. $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-220 Floating Suction Pressure retrofit $/Suct. Grp. $6,210.30 $7,944.02 $14,154.32



D03-221 Floating Head Pressure (FHP), Fixed Setpoint (air-cooled) new $/Discharge Grp $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-221 Floating Head Pressure (FHP), Fixed Setpoint (air-cooled) retrofit $/Discharge Grp $4,008.68 $4,673.43 $8,682.11



D03-222 FHP, Fixed Setpoint (evap-cooled) new $/Discharge Grp $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-222 FHP, Fixed Setpoint (evap-cooled) retrofit $/Discharge Grp $4,008.68 $4,673.43 $8,682.11



D03-223 FHP, Variable Setpoint (air-cooled) new $/Discharge Grp $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-223 FHP, Variable Setpoint (air-cooled) retrofit $/Discharge Grp $4,406.24 $4,882.31 $9,288.55



D03-224 FHP, Variable Setpoint (evap-cooled) new $/Discharge Grp $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-224 FHP, Variable Setpoint (evap-cooled) retrofit $/Discharge Grp $4,709.27 $4,897.46 $9,606.73



D03-225 FHP, Variable Setpt & Speed (air-cooled) new $/Discharge Grp $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-225 FHP, Variable Setpt & Speed (air-cooled) retrofit $/Discharge Grp $6,241.47 $8,183.98 $14,425.45



D03-226 FHP, Variable Setpt & Speed (evap-cooled) new $/Discharge Grp $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-226 FHP, Variable Setpt & Speed (evap-cooled) retrofit $/Discharge Grp $7,390.00 $8,241.40 $15,631.40



TBD Strip Curtains on Walk-Ins, Doors 42" Wide or Less retrofit $/SF $8.97 $3.45 $12.42



TBD Strip Curtains on Walk-Ins, Doors greater than 42" Wide retrofit $/SF $10.75 $2.04 $12.78



TBD LED lights in reach-in display cases retrofit $/mullion $178.05 $40.24 $218.29



TBD LED lights in open display cases retrofit $/lamp $219.17 $30.70 $249.87






Summary Table – Industrial Measures
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ID Measure Description



Base of 



Measure Cost Unit



Equipment 



Cost (per 



unit)



Labor 



Cost    (per 



unit)



Installed 



Cost        



(per unit) Notes



D03-306 Floating suction pressure new $/suct grp $0 $0 $0 All hardware requirements are standard on new systems.  Does not qualify under criteria described in utility workpapers



D03-306 Floating suction pressure retrofit $/suct grp $4,865 $7,877 $12,742



D03-307 FHP, fixed setpoint (evap cooled) new $/disch grp $0 $0 $0 Required per T24.  Scope limited to retrofit on workpapers



D03-307 FHP, fixed setpoint (evap cooled) retrofit $/disch grp $2,012 $4,574 $6,586



D03-308 FHP, variable setpt (evap cooled) new $/disch grp $0 $0 $0 Required per T24.  Scope limited to retrofit on workpapers



D03-308 FHP, variable setpt (evap cooled) retrofit $/disch grp $2,713 $4,798 $7,510



D03-309 FHP, VSP and VFD (evap cooled) new $/disch grp $0 $0 $0 Required per T24.  Scope limited to retrofit on workpapers



D03-309 FHP, VSP and VFD (evap cooled) retrofit $/disch grp $5,894 $8,241 $14,135






The approach for each measure cost analysis gave consideration to the elements which were most important, to avoid details that minimally affected bottom-line measure cost.  In some instances, this required more focus on the hardware costs, and in others an understanding of installation labor or other factors was more important.  Most measures required engineering of a sample system configuration and hardware selections.  


The cost buildups incorporated sections for hardware and parts costs, either as a full cost or incremental comparison, along with a section for labor (design, construction, start-up and fine-tuning), project management, and other factors that would normally be incurred.  Equipment and materials costs were obtained by several general methods, depending on the subject hardware:



· Published list prices, with multipliers applied for contractor or end-user.  Multipliers were obtained from both OEMs and contractors and compared with past experience.



· RFPs for specific equipment or parts selections, from manufacturers or OEMs.  



· Parts price quotes from refrigeration wholesalers.  



· Certain measure costs were pursued from California refrigeration contractors, including Source Refrigeration, Hussmann (Ingersoll-Rand) and others.  


Labor Costs



The following labor cost assumptions were used in the EEM cost buildups:


			Classification


			Labor Rate





			Commercial Store Employee


			$8.00/hr (minimum wage)





			Laborer, General Service


			$60.00/hr





			Fabricator


			$60.00/hr





			Field Technician


			$90.00/hr





			Engineer


			$95.00/hr





			Programmer


			$115.00/hr








Measure: Automatic Door Closers on Main Walk-In Doors


Measure Description


Install automatic door closer on walk-in cooler and freezer doors.  These measures are limited to the retrofit of doors not previously equipped with auto-closers, and assume the doors have strip curtains.


Measure Type: Retrofit


Base Case by Vintage:



· < 1978: No auto-closers



· 1978-1991: No auto-closers



· 1992-2000: No auto-closers



· >2000: No auto-closers


· New-Construction Code Minimums:  



· Federal legislation HR6 - Energy Independence and Security Act (EISA) of 2009 requires all walk-in box doors less than 3’ 9” wide and less than 7’ tall to have automatic door closers that firmly close all walk-in doors that have been closed to within 1 inch of full closure.  EISA also requires strip doors, spring hinged doors, or another method of minimizing infiltration when the doors are open 


· California Title 20 codes are same as EISA regulations



Changes to Measure Subdivisions 


Previous DEER work did not distinguish between smaller (e.g. “person-sized”) doors and larger cargo doors.  Propose subdividing the measure to include a measure for doors less than 42” wide and less than 7’ tall, and a separate measure for larger doors.  Note that this measure is for retrofits only—door closers are mandated by federal walk-in standards for new construction.


Measure Notes


For opaque, insulated walk-in box doors less than 42” wide, walk-in box manufacturers have indicated that spring-loaded hinges or gravity-driven cam-style door hinges have been standard for several decades.  This is congruent with comments from independent field technicians, who also indicated that they have received utility incentives for installing just the snubber-style door closer which completely closes the door if it is closed to within 1”.  Accordingly, this analysis assumed that the measure cost would be for the field-installation of a snubber-style door closer for doors less than 42” wide.
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Figure 1: Snubber-type door closer



In general, walk-in box manufacturers indicated that the snubber-style door closers are not compatible with doors larger than 42” wide for a number of reasons, one being that these types of doors typically use latching door handles that do not work with snubbers (with one dissenting manufacturer installing both types of door closers, plus a magnetic door seal).  These doors typically get a hydraulic or spring-loaded armature-style door closer.  Armature-style closers are effective at closing the door to within 1” of closing but may not completely close and latch the door shut, especially if the door is only partially opened and then let go.  One walk-in box manufacturer indicated that there is no straight-forward technology for tight-closing the door once it is closed to within 1” for this size door.  They suggested that a more powerful armature door closer can be used, but is not recommended since it makes the door hard to open and unsafe if fingers get caught in the door jamb.  This analysis assumed that the measure cost would be for the field-installation of a hydraulic armature-style door closer specifically manufactured for a 60” wide door.


[image: image6.emf]


Figure 2: Armature-style door closer



			Measure Description and DEER Database ID


			Cost Analysis Subdivisions


			Costing Basis


			Costing Method





			Auto-closers on main walk-in doors



D03-208 (coolers),



D03-209 (freezers)


			Opaque, insulated swing door (<42” wide), retrofit


			Field-installation of one snubber-style door closer, 36”W x 84”H freezer door, 


			Build up costs consisting of hardware, installation, and contractor mark-ups.  Validate with contractor cost estimates





			


			Opaque, insulated swing door (42-72” wide), retrofit


			60”W x 84”H freezer door, one armature-style spring-loaded door closer specifically manufactured for this size door


			Build up costs consisting of hardware, installation, and contractor mark-ups.  Validate with contractor cost estimates








Measure Cost Buildup


· Doors under 42” wide


[image: image7.emf] Equipment 



1 Snubber Door Closer RHS Corporation closer 1 103.11 $          0.34 $156



2 Materials



3 None assumed $0



4 Labor and Subcontracts



5 Labor to install autocloser Estimate person-hrs 1 $60 $60



6 Others



7 Taxes and Permits % 0% $0



8 Contingency Costs % 5% $10.78



  $226



Per cooler door 1



$/cooler door $226



Price Item Description Source Units Qty Cost ea.



Contractor



Margin



Total  



Total Capacity or Size 



Costing Units 






· Doors over 42” wide


[image: image8.emf] Equipment 



1 Armature Door Closer RHS Corp. closer 1 607.54 $          0.34 $917



2 Materials



3 None assumed $0



4 Labor and Subcontracts



5 Labor to install autocloser Estimate person-hrs 1.5 $60 $90



6 Others



7 Taxes and Permits % 0% $0



8 Contingency Costs % 5% $50



  $1,058



Per cooler door 1



$/cooler door $1,058



Qty Item Description Source Cost ea.



Contractor



Margin Price



Total  



Total Capacity or Size 



Costing Units 



Units






Benchmark Validation


· Doors under 42” wide



			Vendor Quote


			Source


			Price/Door


			Notes





			1


			Energy Saving Solutions


			$120


			Quoted price for installation and hardware.  Probably represents the low-end of the market (the quoted installed cost for the snubber is less than the wholesale hardware cost quoted by other sources)





			2


			La Costa Doors


			$150


			Quoted $75 per door for hardware to the companies doing the upgrade.  Assumed 0.25 contractor markup.  La Costa estimated installation labor running at $50 per door





			3


			Bally Refrigeration Boxes


			$167


			Quoted $125 cost for the snubber to a foodservice dealer.  Assumed markup of 0.25 by foodservice dealer.  Cost does not include installation labor (this represents the option cost from the box OEM, and does not include costs associated with field-retrofitting the hardware)





			MCS Buildup Cost


			$226
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· Doors over 42” wide



			Vendor Quote


			Source


			Price/Door


			Notes





			3


			Bally Refrigeration Boxes


			$645


			Quoted $400 cost for the hydraulic armature-style door closer to a foodservice dealer.  Assumed markup of 0.25 by foodservice dealer.    Cost does not include installation labor (this represents the option cost from the box OEM, and does not include costs associated with field-retrofitting the hardware)





			MCS Buildup Cost


			$1,058
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Summary


The Database for Energy Efficient Resources (DEER) provides estimates of the energy-savings potential and projected costs for energy efficiency measures (EEMs) in residential and nonresidential applications.  Updates to the DEER have been developed by the California Public Utilities Commission (CPUC) with funding provided by California ratepayers.  This report includes current cost estimates for select EEMs in the commercial and industrial refrigeration sector.  Costs were estimated for the following EEMs:


· Walk-in box door closers


· Retrofit Glass Doors on Open Medium-Temperature Refrigerated Display Cases 


· Replace Open Medium-Temperature Display Cases with New Cases with Reach-In Doors 


· Evaporator Fan Controls



· Floating Suction Pressure



· Floating Head Pressure


· High-Efficiency Fan Motors on Walk-Ins and Display Cases



In addition, the following measures are proposed for inclusion in the DEER:



· Walk-in box door closers, for doors greater than 42” wide


· Strip curtains on walk-in box doors


· Evaporator Fan Controls for Motors >1 HP and/or >460 Volts


· LED Display Case Lights


A summary of the EEM costs for each measure are presented in the tables below:



Summary Table - Commercial Measures



[image: image3.emf]Measure ID Measure Description



Base of 



Measure Cost Units



Equipment 



Cost (per unit)



Labor 



Cost    (per 



unit)



Installed 



Cost        



(per unit) Notes



D03-202 High-efficiency walk-in fan motors retrofit $/motor $226.20 $42.81 $269.01



D03-203 High-efficiency door display case fan motors retrofit $/motor $122.41 $18.30 $140.71



D03-203 High-efficiency open display case fan motors retrofit $/motor $122.41 $19.29 $141.70



D03-206 Medium Temp Glass Doors retrofit $/ft of case $320.84 $176.98 $497.82



D03-207 New Med. Temp Display Case with Doors retrofit $/ft of case $686.29 $322.38 $1,008.67



D03-208 Auto-closers on Main Cooler Doors, under 42" wide retrofit $/door $155.67 $70.78 $226.45



TBD Auto-closers on Main Cooler Doors, over 42" wide retrofit $/door $917.19 $140.36 $1,057.55



D03-209 Auto-closers on Main Freezer Doors, under 42" wide retrofit $/door $155.67 $70.78 $226.45



TBD Auto-closers on Main Freezer Doors, over 42" wide retrofit $/door $917.19 $140.36 $1,057.55



D03-210 Evaporator Fan Control on Walk-in Coolers & Freezers, <1 HP new $/motor $0.00 $0.00 $0.00 Standard Offering from Multiple Mfrs



D03-210 Evaporator Fan Control on Walk-in Coolers & Freezers, <1 HP retrofit $/motor $420.95 $199.55 $620.50



TBD Evaporator Fan Control on Walk-in Coolers & Freezers, >1 HP new $/motor $1,212.12 $762.14 $1,974.26



TBD Evaporator Fan Control on Walk-in Coolers & Freezers >1 HP retrofit $/motor $762.14 $762.14 $1,974.26



D03-220 Floating Suction Pressure new $/Suct. Grp. $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-220 Floating Suction Pressure retrofit $/Suct. Grp. $6,210.30 $7,944.02 $14,154.32



D03-221 Floating Head Pressure (FHP), Fixed Setpoint (air-cooled) new $/Discharge Grp $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-221 Floating Head Pressure (FHP), Fixed Setpoint (air-cooled) retrofit $/Discharge Grp $4,008.68 $4,673.43 $8,682.11



D03-222 FHP, Fixed Setpoint (evap-cooled) new $/Discharge Grp $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-222 FHP, Fixed Setpoint (evap-cooled) retrofit $/Discharge Grp $4,008.68 $4,673.43 $8,682.11



D03-223 FHP, Variable Setpoint (air-cooled) new $/Discharge Grp $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-223 FHP, Variable Setpoint (air-cooled) retrofit $/Discharge Grp $4,406.24 $4,882.31 $9,288.55



D03-224 FHP, Variable Setpoint (evap-cooled) new $/Discharge Grp $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-224 FHP, Variable Setpoint (evap-cooled) retrofit $/Discharge Grp $4,709.27 $4,897.46 $9,606.73



D03-225 FHP, Variable Setpt & Speed (air-cooled) new $/Discharge Grp $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-225 FHP, Variable Setpt & Speed (air-cooled) retrofit $/Discharge Grp $6,241.47 $8,183.98 $14,425.45



D03-226 FHP, Variable Setpt & Speed (evap-cooled) new $/Discharge Grp $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-226 FHP, Variable Setpt & Speed (evap-cooled) retrofit $/Discharge Grp $7,390.00 $8,241.40 $15,631.40



TBD Strip Curtains on Walk-Ins, Doors 42" Wide or Less retrofit $/SF $8.97 $3.45 $12.42



TBD Strip Curtains on Walk-Ins, Doors greater than 42" Wide retrofit $/SF $10.75 $2.04 $12.78



TBD LED lights in reach-in display cases retrofit $/mullion $178.05 $40.24 $218.29



TBD LED lights in open display cases retrofit $/lamp $219.17 $30.70 $249.87






Summary Table – Industrial Measures
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ID Measure Description



Base of 



Measure Cost Unit



Equipment 



Cost (per 



unit)



Labor 



Cost    (per 



unit)



Installed 



Cost        



(per unit) Notes



D03-306 Floating suction pressure new $/suct grp $0 $0 $0 All hardware requirements are standard on new systems.  Does not qualify under criteria described in utility workpapers



D03-306 Floating suction pressure retrofit $/suct grp $4,865 $7,877 $12,742



D03-307 FHP, fixed setpoint (evap cooled) new $/disch grp $0 $0 $0 Required per T24.  Scope limited to retrofit on workpapers



D03-307 FHP, fixed setpoint (evap cooled) retrofit $/disch grp $2,012 $4,574 $6,586



D03-308 FHP, variable setpt (evap cooled) new $/disch grp $0 $0 $0 Required per T24.  Scope limited to retrofit on workpapers



D03-308 FHP, variable setpt (evap cooled) retrofit $/disch grp $2,713 $4,798 $7,510



D03-309 FHP, VSP and VFD (evap cooled) new $/disch grp $0 $0 $0 Required per T24.  Scope limited to retrofit on workpapers



D03-309 FHP, VSP and VFD (evap cooled) retrofit $/disch grp $5,894 $8,241 $14,135






The approach for each measure cost analysis gave consideration to the elements which were most important, to avoid details that minimally affected bottom-line measure cost.  In some instances, this required more focus on the hardware costs, and in others an understanding of installation labor or other factors was more important.  Most measures required engineering of a sample system configuration and hardware selections.  


The cost buildups incorporated sections for hardware and parts costs, either as a full cost or incremental comparison, along with a section for labor (design, construction, start-up and fine-tuning), project management, and other factors that would normally be incurred.  Equipment and materials costs were obtained by several general methods, depending on the subject hardware:



· Published list prices, with multipliers applied for contractor or end-user.  Multipliers were obtained from both OEMs and contractors and compared with past experience.



· RFPs for specific equipment or parts selections, from manufacturers or OEMs.  



· Parts price quotes from refrigeration wholesalers.  



· Certain measure costs were pursued from California refrigeration contractors, including Source Refrigeration, Hussmann (Ingersoll-Rand) and others.  


Labor Costs



The following labor cost assumptions were used in the EEM cost buildups:


			Classification


			Labor Rate





			Commercial Store Employee


			$8.00/hr (minimum wage)





			Laborer, General Service


			$60.00/hr





			Fabricator


			$60.00/hr





			Field Technician


			$90.00/hr





			Engineer


			$95.00/hr





			Programmer


			$115.00/hr








Measure: Evaporator Fan Controls



Measure Description


The evaporator fans served by single-compressor condensing units typically run continuously (except during defrost for some applications where reverse-cycle hot gas defrost is employed), even when the compressor is not on and no refrigeration is occurring.  This measure includes control additions and motor changes to either duty cycle the evaporator fans or reduce the speed of evaporator fans when the compressor is off.  This measure applies only to evaporator coil fans served by single-compressor suction groups.


Measure Type: Retrofit


Base Case by Vintage:



· < 1978: Fans run continuously; shaded pole motors


· 1978-1991: Fans run continuously; shaded pole motors


· 1992-2000: Fans run continuously; shaded pole motors


· 2000-2005: Fans run continuously; shaded pole motors


· 2005: Fans run continuously; Electronically-commutated (EC) motors



· New-Construction Code Minimums:  



· Federal legislation HR6 - Energy Independence and Security Act (EISA) of 2009 requires all walk-in evaporator fan motors less than 1 HP to be either EC or AC induction motors


· California Title 20 codes are same as EISA regulations



· 2014 California Title 24 codes requires all refrigerated warehouse evaporator coil fans served by single-compressor suction groups without compressor unloaders to either reduce speed or duty cycle when the compressor is off.  This requirement applies to evaporators serving refrigerated spaces that are greater than 3,000 square feet of floor area.



Changes to Measure Subdivisions


For fan motors less than 1 HP and less than 460V, walk-in box manufacturers are offering fan duty-cycling or two-speed fan operation during the compressor off-cycle either as their standard offering or as a no-cost adder.  Therefore, a ‘new construction’ vintage measure cost was not included in this analysis for walk-in unit coolers less than 1 HP and less than 460V.



The DEER measure is for walk-in box retrofit applications with the measure including swapping PSC fan motors for ECM as well as control additions.  The fan motors are typically <1 HP.  We propose expanding the measure into two measures, one for retrofit projects involving swapping PSC motors less than 1 HP for ECM as described in the current DEER measure, and another measure for both retrofit and new-construction projects involving 3-phase, 460V motors greater than 1 HP.  The additional measure would not include the single-compressor suction group requirement.  In addition, the DEER measure description limits this measure to duty-cycling fans, while reducing fan speed would yield the same (or more) energy savings and may be more common and easier.


Measure Notes



This measure cost buildup includes a “fan controller” product, since industry research showed that this is the predominantly-used method, although duty-cycling the fans can be accomplished without one.  A wire could be run off the compressor contactor through a timer to the fan contactors.  Hardware cost would be nominal and overall measure cost would be primarily driven by labor to perform the upgrade.


			Measure Description and DEER Database ID


			Cost Analysis Subdivisions


			Costing Basis


			Costing Method





			Duty cycle, stage off, or reduce speed of evaporator fans when condensing unit compressor cycles off



D03-210


			Retrofit controls for unit cooler with <1 HP permanent split capacitor (PSC) motors, (retrofit includes motor swap to electronically-commutated motors)


			Walk-in cooler with two 2-fan unit coolers, 1/15 HP motors


			Build up costs consisting of hardware, installation, and   contractor mark-ups.  Verify with contractor estimates.





			To Be Determined


			Retrofit controls for air unit with >1 HP 3-phase 460V motors.  Measure includes variable-speed drives for each unit cooler


			Point of Sale (POS) freezer in a big-box retail store, 4x unit coolers, 2x 2HP fans per unit cooler.


			Build up costs consisting of hardware, installation,   and contractor mark-ups.  





			


			New controls for air unit with >1 HP 3-phase 460V motors.  Measure includes variable-speed drives for each unit cooler


			Point of Sale (POS) freezer in a big-box retail store, 4x unit coolers, 2x 2HP fans per unit cooler.


			Build up costs consisting of hardware, installation, and   contractor mark-ups.  








Measure Cost Build-Up


· Small unit coolers <1 HP, duty cycle or low speed when compressors are off


[image: image5.emf] Equipment 



1 Fan Controller Sierra Business Council Controller 1 $317



2 Fan Controller Frigitek Controller 1 $335



3 Fan Controller Supermarket Energy Technologies Controller 1 $300



4 Average Controller 1 $317 0.34 $479



5 Fan Motor, 1/15 HP, ECM Sierra Business Council Motor 4 $170



6 Brushless DC Motor, ECM,1/15 HP, 1550 rpm, 115 V Grainger Motor 4 $142



7 Brushless DC Motor, ECM,1/15 HP, 1550 rpm, 208-230 V Grainger Motor 4 $141



8 1/15 or 1/20 HP, 2-speed Frigitek Motor 4 $147



9 Average Motor 4 $150 0.34 $905



10 Materials



11 Incidental electrical installation materials Estimate 1 $300 $300



12 Labor and Subcontracts



13 Installation Labor Estimate Person-hrs 5 $90 $450



14 Labor to program, test, and adjust Estimate Person-hrs 2 $115 $230



15 Taxes and Permits % 0% $0



16 Contingency Costs % 5% $118.19



  $2,482



Per motor 4



$/motor $620



Cost ea.



Total  



Total Capacity or Size 



Costing Units 



Price Item Description Source Units Qty



Contractor



Margin






· Large unit coolers >1 HP, variable-speed control


[image: image6.emf] Equipment 



1 VFD-ready drop-in replacement motor R.E. Michael per motor 8 $354 0.34 $4,279



2 ABB VFD, 5 HP Western Switches & Controls per VFD 4 $527 0.34 $3,179



3 Materials



4 Enclosure 3' x 5' SCE Per Enclosure 1 $600 0.34 $906



5 Backplate Estimate Per Backplate 1 $50 0.34 $75



6 Circuit breaker, 277V, 20Amp, 1 Pole, DIN-rail mount Mag-Trol, Inc. Per CB 4 $16 0.34 $94



7 Fuse Holder, GSC Fuse, UL Mag-Trol, Inc. Per Fuse 4 $4 0.34 $24



8 Fuse, 5A, Miniature Glass, Time Delay, UL Mag-Trol, Inc. Per Fuse Holder 4 $1 0.34 $5



9 Ground Bar Mag-Trol, Inc. Per Bar 1 $8 0.34 $12



10 Labels Hawk Signs Per Panel 1 $30 0.34 $45



11 Wiring, Panduit, Fasteners, Connectors, Etc. Estimate Per Panel 1 $200 0.34 $302



12 Installation Materials Estimate Per Job 1 $250 $250



13 Additional EMS IO Opto22 Per Job 1 $348 0.34 $525



14 $0



15 Labor and Subcontracts



16 Panel Fabrication Estimate hr 20 $60 $1,200



17 Engineering, Drawings, Project Management Estimate hr 15 $95 $1,425



18 Panel Installation Estimate hr 20 $90 $1,800



19 EMS Programming, fine-tuning Estimate hr 8 $115 $920



20 $0



21 Taxes and Permits % 0% $0



22 Contingency Costs % 5% $752.10



23



24



$15,794



Per motor 8



$/motor $1,974.26



Item Description Source Units Qty Cost ea.



Contractor



Margin Price



Total  



Total Capacity or Size 



Costing Units 






Benchmark Validation


· Small unit coolers <1 HP, duty cycle when compressors are off


			Vendor Quote


			Source


			Price/Motor


			Notes





			1


			Supermarket Energy Technologies


			$275


			Estimate includes $300 for a controller and $200 per motor, using the company’s proprietary “Fan Ally” controller.  Costs are installed costs.     





			2


			Energy Wise America


			$550


			Estimate $1,100 per 2-motor evaporator for a typical restaurant.  Cost includes replacing motors with two-speed EC motors and installing controller.  Cost could be more if coils are iced up or dirty, product needs to be moved, voltage is 460V or more.  Price is based on 1/15 HP motors typical of walk-in evaporators.





			MCS Build-Up Cost


			       $620


			Could be as low as $370 if EC motors are already installed





			3


			Energy Industries


			$702


			This is from an actual quote from an 84-fan industrial warehouse job that included swapping out the motors.  Project cost was $59,000.  The contractor’s off-the-cuff estimate was $800-$1,000 per motor for this measure, so this actual quote is a good reflection of the economy of scale associated with this measure.  





			4


			KE2 Thermsolutions


			$750


			Estimated installed price from a KE2 Thermsolutions sales engineer.  His company’s controller duty-cycles the fan rather than dropping to low speed, so replacing motors with ECM is not necessary.  This is a high-end controller that also controls the defrost cycle and the compressor with highly-developed proprietary algorithms; it doesn’t just duty-cycle the evaporator fans when the compressor is off.  Requires installation of three additional temperature sensors per evaporator coil.  Since the fans don’t have to be swapped out it is difficult to pin down a per-fan cost.  One controller is required per system (for a walk-in application that usually means one evaporator coil but could be two or more).  The per-motor price listed here is based on a restaurant application with two 2-fan evaporator coils on two separate systems.  Per-motor cost could be lower or higher depending on the number of fans per coil.  Industrial applications would be more depending on where the controller is mounted and how many wire/conduit runs are necessary.





			5


			Energy Industries


			$1,000


			Quote from a 5-fan, 2-evaporator job using Frigitek controllers.  Total project cost was $5,000.  This quote is a good reflection of how hidden costs can affect price.  Motor mounts were non-standard, coils were iced up at the start of the project, lots of product had to be moved to get to the coils.
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Summary


The Database for Energy Efficient Resources (DEER) provides estimates of the energy-savings potential and projected costs for energy efficiency measures (EEMs) in residential and nonresidential applications.  Updates to the DEER have been developed by the California Public Utilities Commission (CPUC) with funding provided by California ratepayers.  This report includes current cost estimates for select EEMs in the commercial and industrial refrigeration sector.  Costs were estimated for the following EEMs:


· Walk-in box door closers


· Retrofit Glass Doors on Open Medium-Temperature Refrigerated Display Cases 


· Replace Open Medium-Temperature Display Cases with New Cases with Reach-In Doors 


· Evaporator Fan Controls



· Floating Suction Pressure



· Floating Head Pressure


· High-Efficiency Fan Motors on Walk-Ins and Display Cases



In addition, the following measures are proposed for inclusion in the DEER:



· Walk-in box door closers, for doors greater than 42” wide


· Strip curtains on walk-in box doors


· Evaporator Fan Controls for Motors >1 HP and/or >460 Volts


· LED Display Case Lights


A summary of the EEM costs for each measure are presented in the tables below:



Summary Table - Commercial Measures



[image: image3.emf]Measure ID Measure Description



Base of 



Measure Cost Units



Equipment 



Cost (per unit)



Labor 



Cost    (per 



unit)



Installed 



Cost        



(per unit) Notes



D03-202 High-efficiency walk-in fan motors retrofit $/motor $226.20 $42.81 $269.01



D03-203 High-efficiency door display case fan motors retrofit $/motor $122.41 $18.30 $140.71



D03-203 High-efficiency open display case fan motors retrofit $/motor $122.41 $19.29 $141.70



D03-206 Medium Temp Glass Doors retrofit $/ft of case $320.84 $176.98 $497.82



D03-207 New Med. Temp Display Case with Doors retrofit $/ft of case $686.29 $322.38 $1,008.67



D03-208 Auto-closers on Main Cooler Doors, under 42" wide retrofit $/door $155.67 $70.78 $226.45



TBD Auto-closers on Main Cooler Doors, over 42" wide retrofit $/door $917.19 $140.36 $1,057.55



D03-209 Auto-closers on Main Freezer Doors, under 42" wide retrofit $/door $155.67 $70.78 $226.45



TBD Auto-closers on Main Freezer Doors, over 42" wide retrofit $/door $917.19 $140.36 $1,057.55



D03-210 Evaporator Fan Control on Walk-in Coolers & Freezers, <1 HP new $/motor $0.00 $0.00 $0.00 Standard Offering from Multiple Mfrs



D03-210 Evaporator Fan Control on Walk-in Coolers & Freezers, <1 HP retrofit $/motor $420.95 $199.55 $620.50



TBD Evaporator Fan Control on Walk-in Coolers & Freezers, >1 HP new $/motor $1,212.12 $762.14 $1,974.26



TBD Evaporator Fan Control on Walk-in Coolers & Freezers >1 HP retrofit $/motor $762.14 $762.14 $1,974.26



D03-220 Floating Suction Pressure new $/Suct. Grp. $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-220 Floating Suction Pressure retrofit $/Suct. Grp. $6,210.30 $7,944.02 $14,154.32



D03-221 Floating Head Pressure (FHP), Fixed Setpoint (air-cooled) new $/Discharge Grp $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-221 Floating Head Pressure (FHP), Fixed Setpoint (air-cooled) retrofit $/Discharge Grp $4,008.68 $4,673.43 $8,682.11



D03-222 FHP, Fixed Setpoint (evap-cooled) new $/Discharge Grp $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-222 FHP, Fixed Setpoint (evap-cooled) retrofit $/Discharge Grp $4,008.68 $4,673.43 $8,682.11



D03-223 FHP, Variable Setpoint (air-cooled) new $/Discharge Grp $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-223 FHP, Variable Setpoint (air-cooled) retrofit $/Discharge Grp $4,406.24 $4,882.31 $9,288.55



D03-224 FHP, Variable Setpoint (evap-cooled) new $/Discharge Grp $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-224 FHP, Variable Setpoint (evap-cooled) retrofit $/Discharge Grp $4,709.27 $4,897.46 $9,606.73



D03-225 FHP, Variable Setpt & Speed (air-cooled) new $/Discharge Grp $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-225 FHP, Variable Setpt & Speed (air-cooled) retrofit $/Discharge Grp $6,241.47 $8,183.98 $14,425.45



D03-226 FHP, Variable Setpt & Speed (evap-cooled) new $/Discharge Grp $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-226 FHP, Variable Setpt & Speed (evap-cooled) retrofit $/Discharge Grp $7,390.00 $8,241.40 $15,631.40



TBD Strip Curtains on Walk-Ins, Doors 42" Wide or Less retrofit $/SF $8.97 $3.45 $12.42



TBD Strip Curtains on Walk-Ins, Doors greater than 42" Wide retrofit $/SF $10.75 $2.04 $12.78



TBD LED lights in reach-in display cases retrofit $/mullion $178.05 $40.24 $218.29



TBD LED lights in open display cases retrofit $/lamp $219.17 $30.70 $249.87






Summary Table – Industrial Measures
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ID Measure Description



Base of 



Measure Cost Unit



Equipment 



Cost (per 



unit)



Labor 



Cost    (per 



unit)



Installed 



Cost        



(per unit) Notes



D03-306 Floating suction pressure new $/suct grp $0 $0 $0 All hardware requirements are standard on new systems.  Does not qualify under criteria described in utility workpapers



D03-306 Floating suction pressure retrofit $/suct grp $4,865 $7,877 $12,742



D03-307 FHP, fixed setpoint (evap cooled) new $/disch grp $0 $0 $0 Required per T24.  Scope limited to retrofit on workpapers



D03-307 FHP, fixed setpoint (evap cooled) retrofit $/disch grp $2,012 $4,574 $6,586



D03-308 FHP, variable setpt (evap cooled) new $/disch grp $0 $0 $0 Required per T24.  Scope limited to retrofit on workpapers



D03-308 FHP, variable setpt (evap cooled) retrofit $/disch grp $2,713 $4,798 $7,510



D03-309 FHP, VSP and VFD (evap cooled) new $/disch grp $0 $0 $0 Required per T24.  Scope limited to retrofit on workpapers



D03-309 FHP, VSP and VFD (evap cooled) retrofit $/disch grp $5,894 $8,241 $14,135






The approach for each measure cost analysis gave consideration to the elements which were most important, to avoid details that minimally affected bottom-line measure cost.  In some instances, this required more focus on the hardware costs, and in others an understanding of installation labor or other factors was more important.  Most measures required engineering of a sample system configuration and hardware selections.  


The cost buildups incorporated sections for hardware and parts costs, either as a full cost or incremental comparison, along with a section for labor (design, construction, start-up and fine-tuning), project management, and other factors that would normally be incurred.  Equipment and materials costs were obtained by several general methods, depending on the subject hardware:



· Published list prices, with multipliers applied for contractor or end-user.  Multipliers were obtained from both OEMs and contractors and compared with past experience.



· RFPs for specific equipment or parts selections, from manufacturers or OEMs.  



· Parts price quotes from refrigeration wholesalers.  



· Certain measure costs were pursued from California refrigeration contractors, including Source Refrigeration, Hussmann (Ingersoll-Rand) and others.  


Labor Costs



The following labor cost assumptions were used in the EEM cost buildups:


			Classification


			Labor Rate





			Commercial Store Employee


			$8.00/hr (minimum wage)





			Laborer, General Service


			$60.00/hr





			Fabricator


			$60.00/hr





			Field Technician


			$90.00/hr





			Engineer


			$95.00/hr





			Programmer


			$115.00/hr








Measure: Floating Suction Pressure


Measure Description


Add controls and hardware to multiplex and industrial refrigeration systems to reset the target suction pressure, rather than operating at a fixed suction pressure setpoint.  This measure applies to both low-temperature and medium-temperature suction groups.


Measure Type: Retrofit


Base Case by Vintage:



· < 1978: Fixed suction pressure setpoint


· 1978-1991: Fixed suction pressure setpoint


· 1992-2000: Fixed suction pressure setpoint


· 2000-2005: Fixed suction pressure setpoint


· 2005: Fixed suction pressure setpoint


· New-Construction Code Minimums:  



· 2014 California Title 24 codes requires suction groups in commercial refrigeration systems to have floating suction pressure control to reset the saturated suction pressure control setpoint based on the temperature requirements of the attached refrigeration display cases or walk-ins.



Changes to Measure Subdivisions


DEER measure subdivision is design load of subject suction group, in tons.  We recommend changing the measure subdivision to number of suction groups.  The measure cost is mostly invariable relative to design load, since the hardware requirements are mostly the same for nearly all sizes of systems.


For the industrial new-construction measure, programmable logic controllers (PLCs) and programmable automation controllers (PACs) are now industry-standard on refrigeration control systems, and floating suction pressure logic is widely understood by controls vendors.  Temperature sensors in the refrigerated spaces that are connected to the PLC or PAC are also industry-standard on new-construction projects.  Therefore the new-construction industrial measure is considered obsolete. 



Measure Notes



Microprocessor-based compressor controls with embedded floating suction pressure logic have been ubiquitous on nearly all supermarket parallel rack systems installed in at least the past twenty five years, and we know of no examples of systems in use today without them.  The logic to float the suction pressure, however, is not always in use or properly commissioned.  The commercial system cost buildup for this measure includes the labor to re-commission the floating suction pressure logic on the existing microprocessor controller.


For the industrial system cost buildup, the cost to procure and install a PLC (programmable logic controller) or PAC (programmable automation controller) and associated I/O is included in the measure cost buildup.  Industrial systems, even relatively modern ones, often have no supervisory compressor sequencing or control and instead use local pressure switches or compressor micropanels.  In that instance, a supervisory controller would be required for floating suction pressure.


			Measure Description and DEER Database ID


			Cost Analysis Subdivisions


			Costing Basis


			Costing Method





			Floating suction pressure control on LT and MT suction groups



D03-220 (Commercial Systems)



D03-306 (Industrial Systems)


			Commercial Multiplex System, Retrofit


			Multiplex supermarket system, legacy electronic controls (electronic compressor sequencer), evaporator pressure regulators on all circuits.


			Build up costs consisting of materials, installation, contractor mark-ups.





			


			Industrial Plant, Retrofit


			Ammonia industrial system, pressure switch compressor control (no centralized control), thermostat control of liquid solenoids


			Build up costs consisting of hardware (new automation controller and IO, installation,   and contractor mark-ups.








Measure Cost Build-Up


· Supermarket multiplex system


[image: image5.emf] Equipment 



1 None Assumed



2 Materials



3 None Assumed



4 Labor and Subcontracts



5



6 Engineering, Project Management Estimate Person-hrs 16 $95 $1,520



7 Calibration and fine-tuning labor Estimate Person-hrs 32 $115 $3,680



8 Others



9 Taxes and Permits % 0% $0



10 Contingency Costs % 5% $260



  $5,460



Per Suction Group 1.0



$/Suction Group $5,460



Cost ea.



Total  



Total Capacity or Size 



Costing Units 



Contractor



Margin Price Item Description Source Units Qty






· Industrial Plant


[image: image6.emf] Equipment 



1 Programmable Automation Controller and Backplate Opto22 Per Job 1 $762 0.34 $1,150



2 Additional PLC IO Opto22 Per Job 1 $348 0.34 $525



3 Temperature Sensors Source Refrigeration Sensors 5 $270 0.34 $2,038



4 Suction Pressure Transducer Sporlan Per Sensor 1 $100 0.34 $151



5 Materials



6 Wiring materials for temperature sensors Estimate 1 $1,000 $1,000



7 Labor and Subcontracts



8



9 Engineering, Drawings, Project Management Estimate Person-hrs 16 $95 $1,520



10 Install new controller Estimate Person-hrs 8 $90 $720



11 Installation labor for sensors and cabling Estimate Person-hrs 15 $90 $1,350



12 Programming, calibration and fine-tuning labor Estimate Person-hrs 32 $115 $3,680



13 Others



14 Taxes and Permits % 0% $0



15 Contingency Costs % 5% $607



  $12,742



Per Suction Group 1.0



$/Suction Group $12,742



Contracto



r Price Item Description Source Units



Total  



Total Capacity or Size 



Costing Units 



Qty Cost ea.
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Summary


The Database for Energy Efficient Resources (DEER) provides estimates of the energy-savings potential and projected costs for energy efficiency measures (EEMs) in residential and nonresidential applications.  Updates to the DEER have been developed by the California Public Utilities Commission (CPUC) with funding provided by California ratepayers.  This report includes current cost estimates for select EEMs in the commercial and industrial refrigeration sector.  Costs were estimated for the following EEMs:


· Walk-in box door closers


· Retrofit Glass Doors on Open Medium-Temperature Refrigerated Display Cases 


· Replace Open Medium-Temperature Display Cases with New Cases with Reach-In Doors 


· Evaporator Fan Controls



· Floating Suction Pressure



· Floating Head Pressure


· High-Efficiency Fan Motors on Walk-Ins and Display Cases



In addition, the following measures are proposed for inclusion in the DEER:



· Walk-in box door closers, for doors greater than 42” wide


· Strip curtains on walk-in box doors


· Evaporator Fan Controls for Motors >1 HP and/or >460 Volts


· LED Display Case Lights


A summary of the EEM costs for each measure are presented in the tables below:



Summary Table - Commercial Measures
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Base of 



Measure Cost Units



Equipment 



Cost (per unit)



Labor 



Cost    (per 



unit)



Installed 



Cost        



(per unit) Notes



D03-202 High-efficiency walk-in fan motors retrofit $/motor $226.20 $42.81 $269.01



D03-203 High-efficiency door display case fan motors retrofit $/motor $122.41 $18.30 $140.71



D03-203 High-efficiency open display case fan motors retrofit $/motor $122.41 $19.29 $141.70



D03-206 Medium Temp Glass Doors retrofit $/ft of case $320.84 $176.98 $497.82



D03-207 New Med. Temp Display Case with Doors retrofit $/ft of case $686.29 $322.38 $1,008.67



D03-208 Auto-closers on Main Cooler Doors, under 42" wide retrofit $/door $155.67 $70.78 $226.45



TBD Auto-closers on Main Cooler Doors, over 42" wide retrofit $/door $917.19 $140.36 $1,057.55



D03-209 Auto-closers on Main Freezer Doors, under 42" wide retrofit $/door $155.67 $70.78 $226.45



TBD Auto-closers on Main Freezer Doors, over 42" wide retrofit $/door $917.19 $140.36 $1,057.55



D03-210 Evaporator Fan Control on Walk-in Coolers & Freezers, <1 HP new $/motor $0.00 $0.00 $0.00 Standard Offering from Multiple Mfrs



D03-210 Evaporator Fan Control on Walk-in Coolers & Freezers, <1 HP retrofit $/motor $420.95 $199.55 $620.50



TBD Evaporator Fan Control on Walk-in Coolers & Freezers, >1 HP new $/motor $1,212.12 $762.14 $1,974.26



TBD Evaporator Fan Control on Walk-in Coolers & Freezers >1 HP retrofit $/motor $762.14 $762.14 $1,974.26



D03-220 Floating Suction Pressure new $/Suct. Grp. $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-220 Floating Suction Pressure retrofit $/Suct. Grp. $6,210.30 $7,944.02 $14,154.32



D03-221 Floating Head Pressure (FHP), Fixed Setpoint (air-cooled) new $/Discharge Grp $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-221 Floating Head Pressure (FHP), Fixed Setpoint (air-cooled) retrofit $/Discharge Grp $4,008.68 $4,673.43 $8,682.11



D03-222 FHP, Fixed Setpoint (evap-cooled) new $/Discharge Grp $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-222 FHP, Fixed Setpoint (evap-cooled) retrofit $/Discharge Grp $4,008.68 $4,673.43 $8,682.11



D03-223 FHP, Variable Setpoint (air-cooled) new $/Discharge Grp $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-223 FHP, Variable Setpoint (air-cooled) retrofit $/Discharge Grp $4,406.24 $4,882.31 $9,288.55



D03-224 FHP, Variable Setpoint (evap-cooled) new $/Discharge Grp $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-224 FHP, Variable Setpoint (evap-cooled) retrofit $/Discharge Grp $4,709.27 $4,897.46 $9,606.73



D03-225 FHP, Variable Setpt & Speed (air-cooled) new $/Discharge Grp $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-225 FHP, Variable Setpt & Speed (air-cooled) retrofit $/Discharge Grp $6,241.47 $8,183.98 $14,425.45



D03-226 FHP, Variable Setpt & Speed (evap-cooled) new $/Discharge Grp $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-226 FHP, Variable Setpt & Speed (evap-cooled) retrofit $/Discharge Grp $7,390.00 $8,241.40 $15,631.40



TBD Strip Curtains on Walk-Ins, Doors 42" Wide or Less retrofit $/SF $8.97 $3.45 $12.42



TBD Strip Curtains on Walk-Ins, Doors greater than 42" Wide retrofit $/SF $10.75 $2.04 $12.78



TBD LED lights in reach-in display cases retrofit $/mullion $178.05 $40.24 $218.29



TBD LED lights in open display cases retrofit $/lamp $219.17 $30.70 $249.87






Summary Table – Industrial Measures
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ID Measure Description



Base of 



Measure Cost Unit



Equipment 



Cost (per 



unit)



Labor 



Cost    (per 



unit)



Installed 



Cost        



(per unit) Notes



D03-306 Floating suction pressure new $/suct grp $0 $0 $0 All hardware requirements are standard on new systems.  Does not qualify under criteria described in utility workpapers



D03-306 Floating suction pressure retrofit $/suct grp $4,865 $7,877 $12,742



D03-307 FHP, fixed setpoint (evap cooled) new $/disch grp $0 $0 $0 Required per T24.  Scope limited to retrofit on workpapers



D03-307 FHP, fixed setpoint (evap cooled) retrofit $/disch grp $2,012 $4,574 $6,586



D03-308 FHP, variable setpt (evap cooled) new $/disch grp $0 $0 $0 Required per T24.  Scope limited to retrofit on workpapers



D03-308 FHP, variable setpt (evap cooled) retrofit $/disch grp $2,713 $4,798 $7,510



D03-309 FHP, VSP and VFD (evap cooled) new $/disch grp $0 $0 $0 Required per T24.  Scope limited to retrofit on workpapers



D03-309 FHP, VSP and VFD (evap cooled) retrofit $/disch grp $5,894 $8,241 $14,135






The approach for each measure cost analysis gave consideration to the elements which were most important, to avoid details that minimally affected bottom-line measure cost.  In some instances, this required more focus on the hardware costs, and in others an understanding of installation labor or other factors was more important.  Most measures required engineering of a sample system configuration and hardware selections.  


The cost buildups incorporated sections for hardware and parts costs, either as a full cost or incremental comparison, along with a section for labor (design, construction, start-up and fine-tuning), project management, and other factors that would normally be incurred.  Equipment and materials costs were obtained by several general methods, depending on the subject hardware:



· Published list prices, with multipliers applied for contractor or end-user.  Multipliers were obtained from both OEMs and contractors and compared with past experience.



· RFPs for specific equipment or parts selections, from manufacturers or OEMs.  



· Parts price quotes from refrigeration wholesalers.  



· Certain measure costs were pursued from California refrigeration contractors, including Source Refrigeration, Hussmann (Ingersoll-Rand) and others.  


Labor Costs



The following labor cost assumptions were used in the EEM cost buildups:


			Classification


			Labor Rate





			Commercial Store Employee


			$8.00/hr (minimum wage)





			Laborer, General Service


			$60.00/hr





			Fabricator


			$60.00/hr





			Field Technician


			$90.00/hr





			Engineer


			$95.00/hr





			Programmer


			$115.00/hr








Measure: Floating Head Pressure


Measure Description


Add controls and hardware to commercial multiplex and industrial refrigeration systems to float head pressure to 70°F SCT when conditions permit.  Additional DEER measures add variable-setpoint (ambient following) control requirements and variable speed condenser fan control.


Measure Type: Retrofit


Base Case by Vintage:



· < 1978: Fixed SCT setpoint at 90°F



· 1978-1991: Fixed SCT setpoint at 90°F



· 1992-2000: Fixed SCT setpoint at 90°F



· 2000-2005: Fixed SCT setpoint at 85°F



· 2005: Fixed SCT setpoint at 85°F



· New-Construction Code Minimums:  



· 2014 California Title 24 codes mandate floating head pressure to 70°F with ambient following controls and variable speed fans for commercial systems consisting of multiple compressors, and refrigerated warehouse systems serving refrigerated spaces that are greater than 3,000 square feet of floor space.



Changes to Measure Subdivisions


None



Measure Notes



For retrofits, the utility workpapers for this measure state that projects that only reprogram a controller do not qualify as a measure and that new hardware must be installed.  The utility workpapers do not quantify the extent of the ‘new hardware’ requirement, but based on the statement that reprogramming a controller does not qualify as a measure, it was interpreted that an upgrade to centralized refrigeration control was the basis for all of the floating head pressure measures.


For establishing measure cost, it was assumed that only controls upgrades were required, although some systems will need piping and/or compressor changes to safely float head pressure to 70°F.  The float limit on some industrial systems with screw compressors is limited by the compressors’ oil separator size and/or oil cooling method.  Additional care must also be given to systems with hot gas evaporator coil defrost to ensure there is adequate heat to effectively defrost the coils during low-head conditions.  Back-flooding valves may require adjustment or replacement, particularly on commercial systems.  Finally, there may also be float limitations related to the distance from the liquid receiver vessel to the loads.  Hardware upgrade costs for these contingencies were not included in the measure cost buildup, and could potentially be substantial, possibly even making the measure(s) cost-prohibitive.


Similar to the floating suction pressure measure, controls vendors indicated that it is difficult to isolate the cost for this measure.  For retrofits, condenser fan control logic is often included in a comprehensive controls upgrade which may include any combination of other measures, including floating suction pressure, and variable-speed air unit control.  The incremental cost of each measure would be much less than the sum total of each individual DEER measure cost due to redundant hardware requirements.  Although new central controllers were included in the measure cost buildup, care was given to include only the installation and programming labor related to condenser control—the labor costs for switching to centralized compressor control are not included in the cost buildup.


			Measure Description and DEER Database ID


			Cost Analysis Subdivisions


			Costing Basis


			Costing Method





			Floating head pressure control to 70°F SCT with fixed SCT setpoint and fan cycling



D03-221 (Air-Cooled Commercial Systems)



D03-222 (Evaporative-Cooled Commercial Systems)



D03-307 (Evaporative-Cooled Industrial Systems)


			Parallel Supermarket System, retrofit


			Parallel supermarket system, condenser fan control based on local pressure switches (fan cycling on air-cooled condenser, 2-speed fan on evaporative condenser). Air-cooled condenser assumed to be 5-fan unit, fans <1 HP and <460V.  Evaporative condenser assumed to be 20HP, <460V


			Build up costs consisting of hardware, installation, and contractor mark-ups.





			


			Industrial Plant, retrofit


			Ammonia industrial system, condenser fan cycling based on pressure switches


			Build up costs consisting of hardware, installation, and contractor mark-ups.





			Floating head pressure control to 70°F SCT with ambient-following SCT setpoint and fan cycling



D03-223 (Air-cooled commercial systems)



D03-224 (Evaporative-cooled commercial systems)



D03-308 (Evaporative-cooled industrial systems)


			Parallel Supermarket System, retrofit


			Parallel supermarket system, condenser fan control based on local pressure switches (fan cycling on air-cooled condenser, 2-speed fan on evaporative condenser). Air-cooled condenser assumed to be 5-fan unit, fans <1 HP and <460V.  Evaporative condenser assumed to be 20HP, <460V


			Build up costs consisting of hardware, installation, and contractor mark-ups.





			


			Industrial Plant, retrofit


			Ammonia industrial system, condenser fan cycling based on pressure switches


			Build up costs consisting of hardware, installation, and contractor mark-ups.





			Floating head pressure control to 70°F SCT with ambient-following SCT setpoint and variable-speed fan control



D03-225 (Air-cooled commercial systems)



D03-226 (Evaporative-cooled commercial systems)



D03-309 (evaporative-cooled industrial systems)


			Parallel Supermarket System, retrofit


			Parallel supermarket system, condenser fan control based on local pressure switches (fan cycling on air-cooled condenser, 2-speed fan on evaporative condenser). Air-cooled condenser assumed to be 5-fan unit, fans <1 HP and <460V.  Evaporative condenser assumed to be 20HP, <460V


			Build up costs consisting of hardware, installation, and contractor mark-ups.





			


			Industrial Plant, retrofit


			Ammonia industrial system, condenser fan cycling based on pressure switches


			Build up costs consisting of hardware, installation, and contractor mark-ups.








Measure Cost Buildups


· Supermarket system, retrofit, floating head pressure, fixed setpoint, fan cycling, air-cooled condenser


[image: image5.emf] Equipment 



1 New microprocessor controller Aztec Engineering Controller 1 $1,750 0.34 $2,642



2 Additional IO Card Aztec Engineering IO Card 1 $350 0.34 $530



3 Materials



4 Pressure Transducer 0-500 psig Estimate Xducer 1 $186 $186



5 Wiring materials for new controller Estimate 1 $100 $100



6 Wiring/Conduit for new pressure transducer Estimate 1 $50 $50



7 Installation Materials Estimate 1 $500 $500



8 Labor and Subcontracts



9 Engineering, Drawings, Project Management Estimate Person-hrs 16 $95 $1,520



10 Install new controller Estimate Person-hrs 8 $90 $720



11 Installation labor for pressure transducer and cabling Estimate Person-hrs 2 $90 $180



12 Programming, start-up and fine-tuning labor Estimate Person-hrs 16 $115 $1,840



13



14 Others



15 Taxes and Permits % 0% $0



16 Contingency Costs % 5% $413



  $8,682



Per Discharge Group 1.0



$/Discharge Grp $8,682



Cost ea.



Contractor



Margin



Total  



Total Capacity or Size 



Costing Units 



Price Item Description Source Units Qty






· Supermarket system, retrofit, floating head pressure, fixed setpoint, 2-speed fan, evaporative condenser
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1 New microprocessor controller Aztec EngineeringController 1 $1,750 0.34 $2,642



2 Additional IO Card Aztec EngineeringIO Card 1 $350 0.34 $530



3 Materials



4 Pressure Transducer 0-500 psig Estimate Xducer 1 $186 $186



5 Wiring materials for new controller Estimate 1 $100 $100



6 Wiring/Conduit for new pressure transduceer Estimate 1 $50 $50



7 Installation Materials Estimate 1 $500 $500



8 Labor and Subcontracts



9 Engineering, Drawings, Project Management Estimate Person-hrs 16 $95 $1,520



10 Install new controller Estimate Person-hrs 8 $90 $720



11 Installation labor for pressure transducer and cabling Estimate Person-hrs 2 $90 $180



12 Programming, start-up and fine-tuning labor Estimate Person-hrs 16 $115 $1,840



13



14 Others



15 Taxes and Permits % 0% $0



16 Contingency Costs % 5% $413



  $8,682



Per Discharge Group 1.0



$/Discharge Grp $8,682



Units Qty Cost ea.



Contracto



r Price Item Description Source



Total  



Total Capacity or Size 



Costing Units 






· Supermarket system, retrofit, floating head pressure, variable setpoint (drybulb following), fan cycling, air-cooled condenser
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1 New microprocessor controller Aztec Engineering Controller 1 $1,750 0.34 $2,642



2 Additional IO Card Aztec Engineering IO Card 1 $350 0.34 $530



3 Ambient DBT Sensor and Outdoor Enclosure Estimate 1 $100 0.34 $152



4 Pressure Transducer 0-500 psig Estimate 1 $186 0.34 $282



5 Materials



6 Wiring materials for new controller Estimate 1 $100 $100



7 Wiring/Conduit for new pressure transducer Estimate 1 $100 $100



8 Wiring/Conduit for ambient sensor Estimate 1 $100 $100



9 Installation Materials Estimate 1 $500 $500



10 Labor and Subcontracts



11 Engineering, Drawings, Project Management Estimate Person-hrs 16 $95 $1,520



12 Install new controller Estimate Person-hrs 8 $90 $720



13 Installation labor for pressure transducer and cabling Estimate Person-hrs 2 $90 $180



14 Installation labor for ambient sensor Estimate Person-hrs 2 $90 $180



15 Programming, start-up and fine-tuning labor Estimate Person-hrs 16 $115 $1,840



16



17 Others



18 Taxes and Permits % 0% $0



19 Contingency Costs % 5% $442



  $9,289



Per Discharge Group 1.0



$/Discharge Grp $9,289



Item Description Source Units Qty



Costing Units 



Cost ea.



Contracto



r Price



Total  



Total Capacity or Size 






· Supermarket system, floating head pressure, variable setpoint (wetbulb following), two-speed fan control, evaporative condenser
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1 New microprocessor controller Aztec Engineering Controller 1 $1,750 0.34 $2,642



2 Additional IO Card Aztec Engineering IO Card 1 $350 0.34 $530



3 Ambient WBT and RH Sensor and Outdoor Enclosure GE Sensing 1 $300 0.34 $455



4 Pressure Transducer 0-500 psig Estimate Xducer 1 $186 0.34 $282



5 Materials



6 Wiring materials for new controller Estimate 1 $100 $100



7 Wiring/Conduit for new pressure transduceer Estimate 1 $100 $100



8 Wiring/Conduit for ambient sensor Estimate 1 $100 $100



9 Installation Materials Estimate 1 $500 $500



8 Labor and Subcontracts



9 Engineering, Drawings, Project Management Estimate Person-hrs 16 $95 $1,520



10 Install new controller Estimate Person-hrs 8 $90 $720



11 Installation labor for pressure transducer and cabling Estimate Person-hrs 2 $90 $180



12 Installation labor for ambient sensor Estimate Person-hrs 2 $90 $180



13 Programming, start-up and fine-tuning labor Estimate Person-hrs 16 $115 $1,840



14



15 Others



16 Taxes and Permits % 0% $0



17 Contingency Costs % 5% $457



  $9,607



Per Discharge Group 1.0



$/Discharge Grp $9,607 Costing Units 



Description Source Units Qty



Total  



Total Capacity or Size 



Cost ea.



Contractor



Margin Price Item






· Supermarket system, floating head pressure, variable setpoint (drybulb following), variable speed fan control, air-cooled condenser


[image: image9.emf] Equipment 



1 New microprocessor controller Aztec EngineeringController 1 $1,750 0.34 $2,642



1 ABB VFD, 10 HP Western Switches & Controlsper VFD 1 $706 0.34 $1,066



2 Additional IO Card Aztec EngineeringIO Card 1 $350 0.34 $530



3 Panel Materials Estimate 1 $640 0.34 $970



4 Ambient DBT Sensor and Outdoor Enclosure Estimate 1 $100 0.34 $152



5 Pressure Transducer 0-500 psig Estimate 1 $186 0.34 $282



6 Materials



7 Wiring and installation materials Estimate 1 $600 $600



8 Labor and Subcontracts



9 Engineering, Drawings, Project Management Estimate hr 16 $95 $1,520



11 Panel Fabrication Estimate hr 20 $60 $1,200



10 Panel Installation Estimate hr 20 $90 $1,800



11 EMS Programming, fine-tuning Estimate hr 24 $115 $2,760



12 Installation labor for pressure transducer and cabling Estimate hr 2 $90 $180



13 Installation labor for ambient sensor Estimate hr 2 $90 $180



12 Others



13 Taxes and Permits % 0% $0



14 Contingency Costs % 5% $543.98



  $14,425



Per Discharge Group 1



$/Discharge Grp $14,425



Cost ea.



Contracto



r Price Units Qty



Costing Units 



Total Capacity or Size 



Total  



Item Description Source






· Supermarket system, floating head pressure, variable setpoint (wetbulb-following), variable speed fan control, evaporative condenser
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1 New microprocessor controller Aztec EngineeringController 1 $1,750 0.34 $2,642



2 ABB VFD, 20 HP Western Switches & Controlsper VFD 1 $1,266 0.34 $1,911



3 Additional IO Card Aztec EngineeringIO Card 1 $350 0.34 $530



4 Panel Installation Materials Estimate 1 $640 0.34 $970



5 Ambient WBT and RH Sensor and Outdoor Enclosure GE Sensing 1 $300 0.34 $455



6 Pressure Transducer 0-500 psig Estimate 1 $186 0.34 $282



7 Materials



8 Wiring installation materials Estimate 1 $600 $600



9 Labor and Subcontracts



10 Engineering, Drawings, Project Management Estimate hr 16 $95 $1,520



11 Panel Fabrication Estimate hr 20 $60 $1,200



12 Panel Installation Estimate hr 20 $90 $1,800



13 EMS Programming, fine-tuning Estimate hr 24 $115 $2,760



14 Installation labor for pressure transducer and cabling Estimate hr 2 $90 $180



15 Installation labor for ambient sensor Estimate hr 2 $90 $180



16 Others



17 Taxes and Permits % 0% $0



18 Contingency Costs % 5% $601.40



  $15,631



Per Discharge Group 1



$/Discharge Grp $15,631



Cost ea.



Contractor



Margin Price Units Qty



Total  



Total Capacity or Size 



Costing Units 



Item Description Source






· Industrial system, floating head pressure, fixed setpoint, fan cycling control, evaporative condenser
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1 Programmable Automation Controller and Backplate Opto22 Per Job 1 $762 0.34 $1,150



2 Additional PLC IO Opto22 Per Job 1 $348 0.34 $525



3 Materials



4 Pressure Transducer 0-500 psig Estimate Xducer 1 $186 $186



5 Wiring materials for new controller Estimate 1 $100 $100



6 Wiring/Conduit for new pressure transduceer Estimate 1 $50 $50



7 Labor and Subcontracts



8 Engineering, Drawings, Project Management Estimate Person-hrs 16 $95 $1,520



9 Install new controller Estimate Person-hrs 8 $90 $720



10 Installation labor for pressure transducer and cabling Estimate Person-hrs 2 $90 $180



11 Programming, start-up and fine-tuning labor Estimate Person-hrs 16 $115 $1,840



12



13 Others



14 Taxes and Permits % 0% $0



15 Contingency Costs % 5% $314



  $6,586



Per Discharge Group 1.0



$/Discharge Grp $6,586



Item Description Source Units Qty Cost ea.



Contractor



Margin Price



Total  



Total Capacity or Size 



Costing Units 






· Industrial system, floating head pressure, variable setpoint (wetbulb-following), fan cycling control, evaporative condenser
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1 Programmable Automation Controller and Backplate Opto22 Per Job 1 $762 0.34 $1,150



2 Additional PLC IO Opto22 Per Job 1 $348 0.34 $525



3 Ambient WBT and RH Sensor and Outdoor Enclosure GE Sensing 1 $300 0.34 $455



4 Pressure Transducer 0-500 psig Estimate Xducer 1 $186 0.34 $282



5 Materials



6 Wiring materials for new controller Estimate 1 $100 $100



7 Wiring/Conduit for new pressure transduceer Estimate 1 $100 $100



8 Wiring/Conduit for ambient sensor Estimate 1 $100 $100



8 Labor and Subcontracts



9 Engineering, Drawings, Project Management Estimate Person-hrs 16 $95 $1,520



10 Install new controller Estimate Person-hrs 8 $90 $720



11 Installation labor for pressure transducer and cabling Estimate Person-hrs 2 $90 $180



12 Installation labor for ambient sensor Estimate Person-hrs 2 $90 $180



13 Programming, start-up and fine-tuning labor Estimate Person-hrs 16 $115 $1,840



14



15 Others



16 Taxes and Permits % 0% $0



17 Contingency Costs % 5% $358



  $7,510



Per Discharge Group 1.0



$/Discharge Grp $7,510



Item Description Source Units Qty Cost ea.



Contractor



Margin Price



Total  



Total Capacity or Size 



Costing Units 






· Industrial system, floating head pressure, variable setpoint (wetbulb-following), variable speed fan control, evaporative condenser
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1 Programmable Automation Controller and Backplate Opto22 Per Job 1 $762 0.34 $1,150



2 ABB VFD, 20 HP Western Switches & Controlsper VFD 1 $1,266 0.34 $1,911



3 Additional PLC IO Opto22 Per Job 1 $348 0.34 $525



4 Panel Installation Materials Estimate 1 $640 0.34 $970



5 Ambient WBT and RH Sensor and Outdoor Enclosure GE Sensing 1 $300 0.34 $455



6 Pressure Transducer 0-500 psig Estimate 1 $186 0.34 $282



7 Materials



8 Wiring installation materials Estimate 1 $600 $600



9 Labor and Subcontracts



10 Engineering, Drawings, Project Management Estimate hr 16 $95 $1,520



11 Panel Fabrication Estimate hr 20 $60 $1,200



12 Panel Installation Estimate hr 20 $90 $1,800



13 EMS Programming, fine-tuning Estimate hr 24 $115 $2,760



14 Installation labor for pressure transducer and cabling Estimate hr 2 $90 $180



15 Installation labor for ambient sensor Estimate hr 2 $90 $180



16 Others



17 Taxes and Permits % 0% $0



18 Contingency Costs % 5% $601.16



  $14,135



Per Discharge Group 1



$/Discharge Grp $14,135



Item Description Source Units Qty Cost ea.



Contractor



Margin Price



Total  



Total Capacity or Size 



Costing Units 






Narratives from Industry


			Source


			Narrative





			Aztec Energy


			Scope of work would be to upgrade to a Danfoss controller (AKC-255 minimum, can also use 355), identify lowest loads needing sensors, install them and run wire/conduit, and tune system.  Hard to tell what the end-user cost is--it varies project to project.  Aztec mainly does retrofits/remodels, cost is usually $30-$60 K, but scope of project is usually multiple racks and is not limited to FSP.  Greg said cost to end-user for Danfoss controller is $1,500-$2,000 depending on who the customer is





			Source Refrigeration


			$270 per temp sensor, programming and fine-tuning the refrigeration system controls $2500, and follow up visits to the job site for monitoring the working of the controls and applying fixes if needed $1,250 per visit.  Travel costs would have to be passed through at cost.   
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Summary


The Database for Energy Efficient Resources (DEER) provides estimates of the energy-savings potential and projected costs for energy efficiency measures (EEMs) in residential and nonresidential applications.  Updates to the DEER have been developed by the California Public Utilities Commission (CPUC) with funding provided by California ratepayers.  This report includes current cost estimates for select EEMs in the commercial and industrial refrigeration sector.  Costs were estimated for the following EEMs:


· Walk-in box door closers


· Retrofit Glass Doors on Open Medium-Temperature Refrigerated Display Cases 


· Replace Open Medium-Temperature Display Cases with New Cases with Reach-In Doors 


· Evaporator Fan Controls



· Floating Suction Pressure



· Floating Head Pressure


· High-Efficiency Fan Motors on Walk-Ins and Display Cases



In addition, the following measures are proposed for inclusion in the DEER:



· Walk-in box door closers, for doors greater than 42” wide


· Strip curtains on walk-in box doors


· Evaporator Fan Controls for Motors >1 HP and/or >460 Volts


· LED Display Case Lights


A summary of the EEM costs for each measure are presented in the tables below:



Summary Table - Commercial Measures



[image: image3.emf]Measure ID Measure Description



Base of 



Measure Cost Units



Equipment 



Cost (per unit)



Labor 



Cost    (per 



unit)



Installed 



Cost        



(per unit) Notes



D03-202 High-efficiency walk-in fan motors retrofit $/motor $226.20 $42.81 $269.01



D03-203 High-efficiency door display case fan motors retrofit $/motor $122.41 $18.30 $140.71



D03-203 High-efficiency open display case fan motors retrofit $/motor $122.41 $19.29 $141.70



D03-206 Medium Temp Glass Doors retrofit $/ft of case $320.84 $176.98 $497.82



D03-207 New Med. Temp Display Case with Doors retrofit $/ft of case $686.29 $322.38 $1,008.67



D03-208 Auto-closers on Main Cooler Doors, under 42" wide retrofit $/door $155.67 $70.78 $226.45



TBD Auto-closers on Main Cooler Doors, over 42" wide retrofit $/door $917.19 $140.36 $1,057.55



D03-209 Auto-closers on Main Freezer Doors, under 42" wide retrofit $/door $155.67 $70.78 $226.45



TBD Auto-closers on Main Freezer Doors, over 42" wide retrofit $/door $917.19 $140.36 $1,057.55



D03-210 Evaporator Fan Control on Walk-in Coolers & Freezers, <1 HP new $/motor $0.00 $0.00 $0.00 Standard Offering from Multiple Mfrs



D03-210 Evaporator Fan Control on Walk-in Coolers & Freezers, <1 HP retrofit $/motor $420.95 $199.55 $620.50



TBD Evaporator Fan Control on Walk-in Coolers & Freezers, >1 HP new $/motor $1,212.12 $762.14 $1,974.26



TBD Evaporator Fan Control on Walk-in Coolers & Freezers >1 HP retrofit $/motor $762.14 $762.14 $1,974.26



D03-220 Floating Suction Pressure new $/Suct. Grp. $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-220 Floating Suction Pressure retrofit $/Suct. Grp. $6,210.30 $7,944.02 $14,154.32



D03-221 Floating Head Pressure (FHP), Fixed Setpoint (air-cooled) new $/Discharge Grp $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-221 Floating Head Pressure (FHP), Fixed Setpoint (air-cooled) retrofit $/Discharge Grp $4,008.68 $4,673.43 $8,682.11



D03-222 FHP, Fixed Setpoint (evap-cooled) new $/Discharge Grp $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-222 FHP, Fixed Setpoint (evap-cooled) retrofit $/Discharge Grp $4,008.68 $4,673.43 $8,682.11



D03-223 FHP, Variable Setpoint (air-cooled) new $/Discharge Grp $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-223 FHP, Variable Setpoint (air-cooled) retrofit $/Discharge Grp $4,406.24 $4,882.31 $9,288.55



D03-224 FHP, Variable Setpoint (evap-cooled) new $/Discharge Grp $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-224 FHP, Variable Setpoint (evap-cooled) retrofit $/Discharge Grp $4,709.27 $4,897.46 $9,606.73



D03-225 FHP, Variable Setpt & Speed (air-cooled) new $/Discharge Grp $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-225 FHP, Variable Setpt & Speed (air-cooled) retrofit $/Discharge Grp $6,241.47 $8,183.98 $14,425.45



D03-226 FHP, Variable Setpt & Speed (evap-cooled) new $/Discharge Grp $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-226 FHP, Variable Setpt & Speed (evap-cooled) retrofit $/Discharge Grp $7,390.00 $8,241.40 $15,631.40



TBD Strip Curtains on Walk-Ins, Doors 42" Wide or Less retrofit $/SF $8.97 $3.45 $12.42



TBD Strip Curtains on Walk-Ins, Doors greater than 42" Wide retrofit $/SF $10.75 $2.04 $12.78



TBD LED lights in reach-in display cases retrofit $/mullion $178.05 $40.24 $218.29



TBD LED lights in open display cases retrofit $/lamp $219.17 $30.70 $249.87






Summary Table – Industrial Measures
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ID Measure Description



Base of 



Measure Cost Unit



Equipment 



Cost (per 



unit)



Labor 



Cost    (per 



unit)



Installed 



Cost        



(per unit) Notes



D03-306 Floating suction pressure new $/suct grp $0 $0 $0 All hardware requirements are standard on new systems.  Does not qualify under criteria described in utility workpapers



D03-306 Floating suction pressure retrofit $/suct grp $4,865 $7,877 $12,742



D03-307 FHP, fixed setpoint (evap cooled) new $/disch grp $0 $0 $0 Required per T24.  Scope limited to retrofit on workpapers



D03-307 FHP, fixed setpoint (evap cooled) retrofit $/disch grp $2,012 $4,574 $6,586



D03-308 FHP, variable setpt (evap cooled) new $/disch grp $0 $0 $0 Required per T24.  Scope limited to retrofit on workpapers



D03-308 FHP, variable setpt (evap cooled) retrofit $/disch grp $2,713 $4,798 $7,510



D03-309 FHP, VSP and VFD (evap cooled) new $/disch grp $0 $0 $0 Required per T24.  Scope limited to retrofit on workpapers



D03-309 FHP, VSP and VFD (evap cooled) retrofit $/disch grp $5,894 $8,241 $14,135






The approach for each measure cost analysis gave consideration to the elements which were most important, to avoid details that minimally affected bottom-line measure cost.  In some instances, this required more focus on the hardware costs, and in others an understanding of installation labor or other factors was more important.  Most measures required engineering of a sample system configuration and hardware selections.  


The cost buildups incorporated sections for hardware and parts costs, either as a full cost or incremental comparison, along with a section for labor (design, construction, start-up and fine-tuning), project management, and other factors that would normally be incurred.  Equipment and materials costs were obtained by several general methods, depending on the subject hardware:



· Published list prices, with multipliers applied for contractor or end-user.  Multipliers were obtained from both OEMs and contractors and compared with past experience.



· RFPs for specific equipment or parts selections, from manufacturers or OEMs.  



· Parts price quotes from refrigeration wholesalers.  



· Certain measure costs were pursued from California refrigeration contractors, including Source Refrigeration, Hussmann (Ingersoll-Rand) and others.  


Labor Costs



The following labor cost assumptions were used in the EEM cost buildups:


			Classification


			Labor Rate





			Commercial Store Employee


			$8.00/hr (minimum wage)





			Laborer, General Service


			$60.00/hr





			Fabricator


			$60.00/hr





			Field Technician


			$90.00/hr





			Engineer


			$95.00/hr





			Programmer


			$115.00/hr








Measure: Strip Curtains on Doorways to Refrigerated Spaces


Measure Description


Install strip curtains or plastic swinging doors on doorways of refrigerated walk-in XE "Walk-in"  boxes and refrigerated storage spaces. 


Measure Type: Retrofit, Replace-On-Burnout


Base Case by Vintage:



· < 1978: No strip curtains (Retrofit), damaged curtains (Replace-On-Burnout)



· 1978-1991: No strip curtains (Retrofit), damaged curtains (Replace-On-Burnout)



· 1992-2000: No strip curtains (Retrofit), damaged curtains (Replace-On-Burnout)



· >2000: No strip curtains (Retrofit), damaged curtains (Replace-On-Burnout)



· New-Construction Code Minimums:  



· Federal legislation HR6 - Energy Independence and Security Act (EISA) of 2009 requires strip doors, spring hinged doors, or another method of minimizing infiltration when the doors are open 



· California Title 20 codes are same as EISA regulations



· California 2014 Title 24 for refrigerated warehouses requires passageways between refrigerated spaces that are maintained at different temperatures to have infiltration barriers, which may be strip curtains, but may also be automatic-closing rollup or bi-parting doors or air curtains.


Changes to Measure Subdivisions


Not applicable; strip curtains are not currently in the DEER database.



Measure Notes



There are many different types of strip curtain materials available, and each is suited to a particular door size, application temperature, and type and frequency of door traffic.  Product quality (and price) is also widely variable.  According to strip curtain installers interviewed for this analysis, the lower-quality strip curtains usually last about one year under typical traffic conditions.  Higher-quality strips may last 5 years or more.  Some installers indicated that if the strip curtains are less than five years old and one strip is damaged, then the individual strip may be replaced.  However, most installers indicated that standard practice is to replace the entire strip curtain, even if only a few strips are damaged.  Manufacturers indicated that the cost is lower if the strip curtains are purchased as part of a kit that is manufactured for a standard door size, and cost goes up if the manufacturer regards the door size as “custom”.  


			Measure Description and DEER Database ID


			Cost Analysis Subdivisions


			Costing Basis


			Costing Method





			Strip curtains on main walk-in doors



(Currently no DEER database ID)


			Walk-in, man-door, retrofit and replace-on-burnout


			36”W x 84”H cooler door, foot traffic only


			Build up costs consisting of hardware, installation, and contractor mark-ups.  Verify with contractor estimates.





			


			Warehouse door, oversize, retrofit and replace-on-burnout


			72”W x 84”H cooler door, forklift and pallet-jack traffic


			Build up costs consisting of hardware, installation, and contractor mark-ups.  Verify with contractor estimates.








Measure Cost Buildup



· Person-door (less than 36” wide)



[image: image5.emf] Equipment 



1 New strip curtain material and mounting hardware Aggregated source Sq. Ft. 21 $6 0.34 $203



2 Materials



3 None assumed $0



4 Labor and Subcontracts



5 Install strip curtains Estimate Person-Hrs 1 $60 $60



6 Others



7 Taxes and Permits % 0% $0



8 Contingency Costs % 5% $13



  $276



Per Square Foot 21.0



  $/SF $13.1



Total Capacity or Size 



Costing Units 



Qty Cost ea.



Contractor



Margin Price



Total  



Item Description Source Units






· Cargo door (greater than 36” wide)



[image: image6.emf] Equipment 



1 New strip curtain material and mounting hardware Aggregated source Sq. Ft. 42 $7 0.34 $451



2 Materials



3 None assumed $0



4 Labor and Subcontracts



5 Install strip curtains Estimate hrs 1 $60 $60



6 Others



7 Taxes and Permits % 0% $0



8 Contingency Costs % 5% $26



  $537



Per Square Foot 42.0



  $/SF $12.8



Item Description Source Units Qty Cost ea.



Contractor



Margin Price



Total  



Total Capacity or Size 



Costing Units 






Benchmark Validation


· Person-door (less than 36” wide)



			Vendor Quote


			Source


			Price/SF


			Notes





			1


			Energy Saving Solutions


			$5.00


			Charges $3 if the door qualifies for an incentive.





			2


			Energy Wise America


			$8.00


			Low-end quoted price from this source





			3


			Trafficdoorsandmore.com


			$8.33


			Typical cost for coolers, based on 21 square-foot man-door





			4


			Trafficdoorsandmore.com


			$9.05


			Typical cost for freezers, based on 21 square-foot man-door





			5


			Energy Wise America


			$10.00


			High-end quoted price from this source





			Measure Cost Buildup


			$12.42


			Does not include contractor markup of strip material.  Installers appear to make their money on labor, not on material.





			6


			Arctic Repair, Inc.


			$12.67


			Material cost is $1.15/ft for 8" wide freezer material.  Assume 50% overlap on strips and 3" on either side.  Hanger material is $8/ft.  Estimate 1 hour to cut the strips and punch the holes, etc., and 1 hour to install the curtain, plus travel time.  Labor rate is $77/hr.  Calculated cost using these numbers is $12.70 per square foot.
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Benchmark Validation


· Cargo door (greater than 36” wide)



			Vendor Quote


			Source


			Price/SF


			Notes





			1


			Energy Savings Solutions


			$5.00


			$3 if qualifying for incentive





			2


			Energy Wise America


			$8.00


			Low-end quoted price from this source





			3


			Energy Wise America


			$10.00


			High-end quoted price from this source





			Measure Cost Buildup


			$11.99
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Summary


The Database for Energy Efficient Resources (DEER) provides estimates of the energy-savings potential and projected costs for energy efficiency measures (EEMs) in residential and nonresidential applications.  Updates to the DEER have been developed by the California Public Utilities Commission (CPUC) with funding provided by California ratepayers.  This report includes current cost estimates for select EEMs in the commercial and industrial refrigeration sector.  Costs were estimated for the following EEMs:


· Walk-in box door closers


· Retrofit Glass Doors on Open Medium-Temperature Refrigerated Display Cases 


· Replace Open Medium-Temperature Display Cases with New Cases with Reach-In Doors 


· Evaporator Fan Controls



· Floating Suction Pressure



· Floating Head Pressure


· High-Efficiency Fan Motors on Walk-Ins and Display Cases



In addition, the following measures are proposed for inclusion in the DEER:



· Walk-in box door closers, for doors greater than 42” wide


· Strip curtains on walk-in box doors


· Evaporator Fan Controls for Motors >1 HP and/or >460 Volts


· LED Display Case Lights


A summary of the EEM costs for each measure are presented in the tables below:



Summary Table - Commercial Measures



[image: image3.emf]Measure ID Measure Description



Base of 



Measure Cost Units



Equipment 



Cost (per unit)



Labor 



Cost    (per 



unit)



Installed 



Cost        



(per unit) Notes



D03-202 High-efficiency walk-in fan motors retrofit $/motor $226.20 $42.81 $269.01



D03-203 High-efficiency door display case fan motors retrofit $/motor $122.41 $18.30 $140.71



D03-203 High-efficiency open display case fan motors retrofit $/motor $122.41 $19.29 $141.70



D03-206 Medium Temp Glass Doors retrofit $/ft of case $320.84 $176.98 $497.82



D03-207 New Med. Temp Display Case with Doors retrofit $/ft of case $686.29 $322.38 $1,008.67



D03-208 Auto-closers on Main Cooler Doors, under 42" wide retrofit $/door $155.67 $70.78 $226.45



TBD Auto-closers on Main Cooler Doors, over 42" wide retrofit $/door $917.19 $140.36 $1,057.55



D03-209 Auto-closers on Main Freezer Doors, under 42" wide retrofit $/door $155.67 $70.78 $226.45



TBD Auto-closers on Main Freezer Doors, over 42" wide retrofit $/door $917.19 $140.36 $1,057.55



D03-210 Evaporator Fan Control on Walk-in Coolers & Freezers, <1 HP new $/motor $0.00 $0.00 $0.00 Standard Offering from Multiple Mfrs



D03-210 Evaporator Fan Control on Walk-in Coolers & Freezers, <1 HP retrofit $/motor $420.95 $199.55 $620.50



TBD Evaporator Fan Control on Walk-in Coolers & Freezers, >1 HP new $/motor $1,212.12 $762.14 $1,974.26



TBD Evaporator Fan Control on Walk-in Coolers & Freezers >1 HP retrofit $/motor $762.14 $762.14 $1,974.26



D03-220 Floating Suction Pressure new $/Suct. Grp. $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-220 Floating Suction Pressure retrofit $/Suct. Grp. $6,210.30 $7,944.02 $14,154.32



D03-221 Floating Head Pressure (FHP), Fixed Setpoint (air-cooled) new $/Discharge Grp $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-221 Floating Head Pressure (FHP), Fixed Setpoint (air-cooled) retrofit $/Discharge Grp $4,008.68 $4,673.43 $8,682.11



D03-222 FHP, Fixed Setpoint (evap-cooled) new $/Discharge Grp $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-222 FHP, Fixed Setpoint (evap-cooled) retrofit $/Discharge Grp $4,008.68 $4,673.43 $8,682.11



D03-223 FHP, Variable Setpoint (air-cooled) new $/Discharge Grp $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-223 FHP, Variable Setpoint (air-cooled) retrofit $/Discharge Grp $4,406.24 $4,882.31 $9,288.55



D03-224 FHP, Variable Setpoint (evap-cooled) new $/Discharge Grp $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-224 FHP, Variable Setpoint (evap-cooled) retrofit $/Discharge Grp $4,709.27 $4,897.46 $9,606.73



D03-225 FHP, Variable Setpt & Speed (air-cooled) new $/Discharge Grp $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-225 FHP, Variable Setpt & Speed (air-cooled) retrofit $/Discharge Grp $6,241.47 $8,183.98 $14,425.45



D03-226 FHP, Variable Setpt & Speed (evap-cooled) new $/Discharge Grp $0.00 $0.00 $0.00 Required per T24.  Scope limited to retrofit on workpapers



D03-226 FHP, Variable Setpt & Speed (evap-cooled) retrofit $/Discharge Grp $7,390.00 $8,241.40 $15,631.40



TBD Strip Curtains on Walk-Ins, Doors 42" Wide or Less retrofit $/SF $8.97 $3.45 $12.42



TBD Strip Curtains on Walk-Ins, Doors greater than 42" Wide retrofit $/SF $10.75 $2.04 $12.78



TBD LED lights in reach-in display cases retrofit $/mullion $178.05 $40.24 $218.29



TBD LED lights in open display cases retrofit $/lamp $219.17 $30.70 $249.87






Summary Table – Industrial Measures
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ID Measure Description



Base of 



Measure Cost Unit



Equipment 



Cost (per 



unit)



Labor 



Cost    (per 



unit)



Installed 



Cost        



(per unit) Notes



D03-306 Floating suction pressure new $/suct grp $0 $0 $0 All hardware requirements are standard on new systems.  Does not qualify under criteria described in utility workpapers



D03-306 Floating suction pressure retrofit $/suct grp $4,865 $7,877 $12,742



D03-307 FHP, fixed setpoint (evap cooled) new $/disch grp $0 $0 $0 Required per T24.  Scope limited to retrofit on workpapers



D03-307 FHP, fixed setpoint (evap cooled) retrofit $/disch grp $2,012 $4,574 $6,586



D03-308 FHP, variable setpt (evap cooled) new $/disch grp $0 $0 $0 Required per T24.  Scope limited to retrofit on workpapers



D03-308 FHP, variable setpt (evap cooled) retrofit $/disch grp $2,713 $4,798 $7,510



D03-309 FHP, VSP and VFD (evap cooled) new $/disch grp $0 $0 $0 Required per T24.  Scope limited to retrofit on workpapers



D03-309 FHP, VSP and VFD (evap cooled) retrofit $/disch grp $5,894 $8,241 $14,135






The approach for each measure cost analysis gave consideration to the elements which were most important, to avoid details that minimally affected bottom-line measure cost.  In some instances, this required more focus on the hardware costs, and in others an understanding of installation labor or other factors was more important.  Most measures required engineering of a sample system configuration and hardware selections.  


The cost buildups incorporated sections for hardware and parts costs, either as a full cost or incremental comparison, along with a section for labor (design, construction, start-up and fine-tuning), project management, and other factors that would normally be incurred.  Equipment and materials costs were obtained by several general methods, depending on the subject hardware:



· Published list prices, with multipliers applied for contractor or end-user.  Multipliers were obtained from both OEMs and contractors and compared with past experience.



· RFPs for specific equipment or parts selections, from manufacturers or OEMs.  



· Parts price quotes from refrigeration wholesalers.  



· Certain measure costs were pursued from California refrigeration contractors, including Source Refrigeration, Hussmann (Ingersoll-Rand) and others.  


Labor Costs



The following labor cost assumptions were used in the EEM cost buildups:


			Classification


			Labor Rate





			Commercial Store Employee


			$8.00/hr (minimum wage)





			Laborer, General Service


			$60.00/hr





			Fabricator


			$60.00/hr





			Field Technician


			$90.00/hr





			Engineer


			$95.00/hr





			Programmer


			$115.00/hr








Measure: LED Display Case Lights



Measure Description


Replace pin-based halogen T12 and T8 lighting systems in both reach-in door refrigerated display cases and open upright refrigerated display cases with new linear LED light bar luminaires.


Measure Type: Retrofit


Base Case by Vintage:



· < 1978: T12/T8


· 1978-1991: T12/T8


· 1992-2000: T12/T8


· 2000-2005: T12/T8


· 2005: T8


· New-Construction Code Minimums:  



· Federal requirements for refrigerated display cases impose limits on the total daily allowed energy usage by these fixtures.  It is accepted in the industry that the federal requirements inherently limit new display cases to using LED lamps in reach-in door cases, and EC fan motors in both LT reach-in door cases and open MT cases.


Changes to Measure Subdivisions


Not applicable; LED display case lights are not currently in the DEER database.  


Measure Notes



Vendors and end-users noted that the cost for this measure is in a state of transition, as manufacturing capacity is starting to match market demand and the cost for technology matures.  


One end-user noted that the labor to install the lights is a significant source of measure cost, since every light vendor has a different receptacle and attachment configuration to the mullion bulkhead that has to be re-wired.  Another vendor noted the opposite, saying that their lights are much easier to replace since the light backs are magnetized and the old light fixtures just pop off and the new ones pop on.  The conclusion is that the labor cost can vary significantly, based on the choice of light vendor and the brand of existing display case.



For medium-temperature upright cases such as produce cases, there are sometimes produce misting systems that would block the light if brackets are not installed to lower the light mounting position, at additional material and installation labor cost.  



One end-user noted that the measure requires a significant investment in labor since either the end-user or the contractor has to unload the product from the case, store it for the duration of the retrofit, and re-stock the case afterwards.  Only one end-user noted that this was an issue, and it can presumably be avoided in most situations.


Installers indicated that they do not fine tune the refrigeration system after the lights are replaced as the overall reduction in case load is relatively small compared to the overall rack load.



			Measure Description and DEER Database ID


			Cost Analysis Subdivisions


			Costing Basis


			Costing Method





			LED lights in display cases (no ID in current DEER database)


			LT reach-in cases, retrofit


			1 lineup (62 doors) of LT reach-in door, 1 LED light fixture per mullion plus one LED fixture at each end.


			Build up costs based on LED fixture hardware costs, installation labor, taxes, contractor markup. Verify with contractor estimates





			


			MT open upright case, retrofit


			1 lineup (124 ft) of MT deli case, 2x shelf fixtures, 1x nose fixture, 1x canopy fixture


			Build up costs based on LED fixture hardware costs, installation labor, and contractor markup.  Verify with contractor estimates








Measure Cost Build-Up


· Door Cases


[image: image5.emf] Equipment 



1 Center mullion light Reidco lamp 61 $103 0.34 $9,439



2 End mullion light Reidco lamp 2 $80 0.34 $242



3 Power Source and Controller (one per case) Reidco pwr src 13 $63 0.34 $1,236



4 Materials



5 Installation materials Estimate 1 $300 $300



6 Labor and Subcontracts



7 Engineering Estimate Person-Hrs 4 $95 $380



8 Installation Labor Estimate Person-Hrs 25 $60 $1,500



9 Others



10 Taxes and Permits % 0% $0



11 Contingency Costs % 5% $654.86



  $13,752



Fixtures 63



$/fixture $218.3



Total Capacity or Size 



Costing Units 



Cost ea. Item Description Source Units Qty



Contractor



Margin Price



Total  






· Open Cases


[image: image6.emf] 



 Equipment 



1 LED lamp Hussmann lamp 100 $135 0.34 $20,381



2 Power Source and Controller (one per case) Reidco pwr src 13 $63 0.34 $1,236



3 Materials



4 Installation materials Estimate 1 $300 $300



5 Labor and Subcontracts



6 Engineering Estimate Person-Hrs 4 $95 $380



7 Installation Labor Hussmann Person-Hrs 25 $60 $1,500



8 Others



9 Taxes and Permits % 0% $0



10 Contingency Costs % 5% $1,190



  $24,987



Lamps 100



$/lamp $249.9



Item Description Source Units Qty Cost ea.



Contractor



Margin Price



Total  



Total Capacity or Size 



Costing Units 






Benchmark Validation:


			Vendor Quote


			Source


			Price/Fixture


			Notes





			1


			Source Refrigeration


			$150


			4’ fixture cost with installation





			2


			DC Engineering


			$175


			Turn-key retrofit cost per fixture





			3


			Source Refrigeration


			$180


			5’ fixture cost with installation





			4


			Source Refrigeration


			$210


			6’ fixture cost with installation





			MCS Cost Buildup, Door Case


			$218


			





			MCS Cost Buildup, Open Case


			$250


			





			5


			Energy Wise America


			$250


			Turn-key retrofit cost per fixture.  Energy Wise admits that this may be an out-of-date cost that doesn’t reflect that LED technology has gotten cheaper
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Additional Modeling Narrative: Commercial Fryers


Additional Modeling Narrative: Commercial Fryers


The Itron team initially endeavored to collect enough price data for commercial fryers (electric and gas) to estimate the incremental cost due to efficiency using a hedonic modeling approach. However, price data collection at the supplier level proved to be quite difficult for a variety of reasons, namely:


Limited number of qualifying products with publically available prices. A significant number of program-eligible fryers are only made for specific franchises, e.g. Burger King. Suppliers that carry those products do not list those prices publically and refused to share them with the study team, even when guaranteed confidentiality. Additionally, a significant number of program-eligible fryers (as currently listed by the Food Service Technology Center) are no longer produced by those manufacturers.[footnoteRef:1] [1:  http://www.fishnick.com/saveenergy/rebates/2013_Qualifying_CFS_Products_List_Updated_Nov_14.xls ] 



Lack of non-qualified fryers being produced. In many cases, manufacturers only produce a single line of non-qualifying fryers, typically a very basic “economy” product line. In other cases, manufacturers no longer produce non-qualifying units altogether. For example, all of the electric fryers currently produced by Pitco appear to qualify for IOU rebates in California. 


Significance of the used restaurant equipment market. Perhaps the biggest factor complicating both price data collection and incremental cost analysis for commercial food service technologies is the significance of the market for used restaurant equipment. While IOU rebates target new equipment purchases (which appear to be dominated by Energy Star and/or program-eligible units), interviews conducted by the study team suggest that the industry standard practice baseline for these measures is often a refurbished unit, rather than a new, non-qualifying unit.





In total, the Itron team was able to assemble 192 price data points for 28 program-eligible commercial fryers (gas and electric) but only 31 price points for 22 non-qualifying commercial fryers. 


Initial attempts to isolate incremental costs due to efficiency using hedonic modeling yielded extremely poor model fits. This was related primarily to widely varying prices across suppliers for identical products. In addition, however, the key energy performance criteria specified by the FSTC (e.g. idle energy rate and cooking energy efficiency) are not typically published on product cut sheets, and the FSTC database largely does not include either FSTC or ASTM test results for non-qualifying products. In effect, this reduces the number of non-qualifying unit in the analysis data set and further reduced the explanatory power of the energy efficiency variables in a regression analysis framework.


Given these dynamics within the analysis data set, the Itron team chose to use a matched-pair analysis, which involved assembling matched pairs of prices for qualified and non-qualified products produced by the same manufacturer and sold by the same supplier. While this approach greatly reduces the impact of supplier pricing practices on the incremental cost estimate, the tradeoff is that it severely limited the sample size for the analysis, largely due to the lack of non-qualified fryers currently being produced (as noted earlier).


In assembling the matched pair data set and the associated product features/performance data, it became apparent that the typical metrics for fryer capacity, vat width (inches) and oil capacity (lbs), were not strict measures of the energy service produced by commercial fryers. Indeed, some high efficiency fryers are designed to lower oil capacity and consumption requirements for similar (if not identical) fried food production rates. Additionally, many fryer units are designed to be combined in series, i.e. a modular approach to expanding capacity rather than strictly replacing a low-capacity unit with a high-capacity unit. 


In order to reduce any bias from these factors on the incremental cost analysis, the Itron team thus decided to normalize unit prices to production capacity (expressed as lbs of frozen French fries per hour) and conduct the matched pair calculations using the resulting “capacity-normalized” prices. From a data development standpoint, this approach required developing consistent production capacity values for each matched pair. Ideally, these production capacities would be taken from ASTM testing results rather than product cut sheets. However, as noted earlier, the FSTC product database does not include FSTC or ASTM test results for non-qualified products. In order to use internally-consistent production capacity ratings for each matched pair, therefore, the Itron team used the production capacities shown in the corresponding product cut sheets. While it is impossible to assess the consistency of these ratings across manufacturers, it is reasonable to assume that these ratings are consistent within the same manufacturer – providing a sufficiently meaningful apples-to-apples comparison within each matched pair.


Once the complete matched pair dataset was assembled, the Itron team then calculated the simple average of the “capacity-normalized” price difference between each matched pair in the analysis data set.


Itron, Inc.	1	Additional Modeling Narrative: Fryers


Itron, Inc.	2	Additional Modeling Narrative: Fryers
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Additional Modeling Narrative: Commercial Convection Ovens


Additional Modeling Narrative: Commercial Convection Ovens


The Itron team initially endeavored to collect enough price data for commercial convection ovens (electric and gas) to estimate the incremental cost due to efficiency using a hedonic modeling approach. However, price data collection at the supplier level proved to be quite difficult for a variety of reasons, namely:


Lack of non-qualified convection ovens being produced. In many cases, manufacturers have discontinued all non-qualifying products and only produce qualifying units. Below we list all cases where manufacturers have discontinued non-qualifying product lines. 


American Range only makes Energy Star/program-qualifying gas ovens. 


BKI only makes program-eligible electric and gas units (full size). Note that BKI does produce half-size electric units that are not Energy Star/program-eligible, but BKI does not make any half-size electric units that are Energy Star/program eligible (i.e. no matched pair).


Duke only makes program-eligible gas units.


Hobart only makes program-eligible (full-size) gas units. Note that Hobart does produce a series of half-size gas units that are not Energy Star/program eligible, but Hobart does not make any half-size gas units that are Energy Star/program eligible.= (i.e. no matched pair).


Imperial only makes program-eligible electric and gas units. 


Star only makes Energy Star/program-qualified gas ovens. 


Vulcan only makes Energy Star/program-qualified gas ovens.


Wolf only makes Energy Star/program-qualified gas ovens.


Significance of the used restaurant equipment market. Perhaps the biggest factor complicating both price data collection and incremental cost analysis for commercial food service technologies is the significance of the market for used restaurant equipment. While IOU rebates target new equipment purchases (which appear to be dominated by Energy Star and/or program-eligible units), interviews conducted by the study team suggest that the industry standard practice baseline for these measures is often a refurbished unit, rather than a new, non-qualifying unit.





In total, the Itron team was able to assemble 197 price data points for 30 program-eligible commercial fryers (gas and electric) but only 29 price points for 23 non-qualifying commercial fryers. 


Initial attempts to isolate incremental costs due to efficiency using hedonic modeling yielded extremely poor model fits. This was related primarily to widely varying prices across suppliers for identical products. In addition, however, the key energy performance criteria specified by the FSTC (e.g. idle energy rate and cooking energy efficiency) are not typically published on product cut sheets, and the FSTC database largely does not include either FSTC or ASTM test results for non-qualifying products. In effect, this reduces the number of non-qualifying unit in the analysis data set and further reduced the explanatory power of the energy efficiency variables in a regression analysis framework.


Given these dynamics within the analysis data set, the Itron team chose to use a matched-pair analysis, which involved assembling matched pairs of prices for qualified and non-qualified products produced by the same manufacturer and sold by the same supplier. While this approach greatly reduces the impact of supplier pricing practices on the incremental cost estimate, the tradeoff is that it severely limited the sample size for the analysis, largely due to the lack of non-qualified convection ovens currently being produced (as noted earlier).


In the case of gas and electric convection ovens, the Itron team was able to develop seven matched pairs of qualifying and non-qualifying products (and prices from the same supplier) – five matched pairs of full-size gas convection ovens and only two matched pairs of full-size electric convection ovens. Once the complete matched pair dataset was assembled, the Itron team then calculated the simple average of the price difference between each matched pair in the analysis data set.


Since the matched pair dataset was limited to only full-size gas and electric convection ovens, the results should only be evaluated and applied in the context of full-size convection ovens and not be extrapolated to half-size convection ovens.
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Additional Modeling Narrative: Televisions


Additional Modeling Narrative: Network Power Management Software


Estimating the average installed price of network power management software presents several significant challenges. First and foremost, there are many freeware/public domain software packages readily available that enable central administration of the sleep and on-off schedules for a network of client PCs, including the EZ GPO software package developed by Energy Star.[footnoteRef:1]  [1:  http://www.energystar.gov/index.cfm?c=power_mgt.pr_pm_ez_gpo ] 



Since the current IOU workpapers for this measure are focused on commercial products, the Itron team attempted to collect and analyze average prices for commercial network power management software solutions. To do this, the Itron team focused on collecting prices for the commercial solutions listed on the Energy Star website.[footnoteRef:2]  [2:  http://www.energystar.gov/index.cfm?c=power_mgt.pr_power_mgt_comm_packages ] 



In collecting and analyzing prices for that list of commercial software products, the Itron team faced a host of significant challenges, including but not limited to the following:


Most software prices were not publically listed by developers. The Itron team was thus required to approach developers directly and solicit price quotes. Several developers were not willing share their prices and several others did not return requests for prices.


Per-client prices for licenses varied widely with volume. From our discussions with developers and their respective sales staff, final prices for these types of software products (as with many enterprise software products) appear subject to negotiation, both on initial license prices and renewal/maintenance terms. Thus the price quotes provided to the study team should be understood and interpreted in that context.


It was very difficult to cleanly delineate differences in power management strategies, their relative effectiveness, and their impact on price, e.g. direct implementation of sleep settings and on-off schedules compared to client-specific energy consumption dashboards and learning algorithms. Detailed information on product-specific functionality and power management strategies were largely limited to interpreting product marketing literature. It was therefore difficult if not impossible to verify claims made by developers (either over the phone or in their product literature) without acquiring, testing, and/or examining the source code of each product, which was well beyond the scope and priorities of this study. 


Higher-priced products often bundle features not related to power management functionality. This dynamic further complicates the basic task of delineating between the price impact of increased power management functionality versus other functionality.





In total, the Itron team was able to assemble per-client license prices for 11 of the commercial products listed by Energy Star. The team excluded two products from the analysis set whose installed price exceeded $100/client PC due to their respective claims to be a “total IT solution”. For these two products, the overall functionality of the software appeared to go well beyond solely power management, including features such as computer imaging, patch management, MDM security, and bring-your-own-device (BYOD) policy automation. 


Using the prices collected for the 9 other commercial products, the Itron team then normalized the quoted prices against the maximum allowed number of client PCs associated with each respective product license and calculated the simple average per-client price.
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