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[bookmark: _Toc304800192][bookmark: _Toc324318330][bookmark: _Toc324340474][bookmark: _Toc386803553]At-a-Glance Summary
	Applicable Measure Codes:
	B85

	Measure Description: 
	Installation of an ozone generator on an existing or new residential laundry facility

	Energy Impact Common Units: 
	Total on-site washer capacity [pounds]

	Base Case Description:
	The base case is a conventional washing machine without an ozone generator with a hot water boiler meeting minimum regulated thermal efficiency standards.
i.e. 80% thermal efficiency as required by Title 20.

	Base Case Energy Consumption: 
	Source: Engineering calculations
45.7 therms/year/lbs-capacity (washer capacity)

	Measure Energy Consumption:

	Source: Engineering calculations
6.4 therms/year/lbs-capacity (washer capacity)

	Energy Savings 
(Base Case – Measure):
	Source: Engineering calculations
39.3 therms year/lbs-capacity (washer capacity)

	Costs Common Units: 
	Total on-site washer capacity [pounds]

	Base Case Equipment Cost ($/unit):

	$0

	Measure Equipment Cost ($/unit): 
	Source: Engineering calculations
$75.73

	Gross Measure Cost ($/unit)
	Source: Engineering calculations
$75.73

	Measure Incremental Cost ($/unit): 
	Source: Engineering calculations
$75.73

	Effective Useful Life (years): 
	10 Years

	Measure Application Type:
	Retrofit Add On (REA)
New Construction (NC)

	Net-to-Gross Ratios: 
	Source: DEER 2014, READI version 1.0.4
[bookmark: _Ref327361296]NTG = 0.60[endnoteRef:1] Com-Default>2yrs index 47 [1:  California Public Utilities Commission (CPUC), Database for Energy Efficient Resources (DEER) v. 2014, Table Name: NTGR, NTG_ID: Com-Default>2yrs, extracted from READI_v1.0.4.zip, downloaded from www.deeresources.com.] 


	Important Comments:
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[bookmark: _Toc386803559]Section 1. General Measure & Baseline Data
[bookmark: _Toc304800202][bookmark: _Toc324318338][bookmark: _Toc324340482][bookmark: _Toc386803560]1.1 Product Measure Description & Background
Catalog Description – 
The ozone laundry system(s) is a piece of equipment that is added-on to new or existing commercial washing machine(s). The system generates ozone (O3), a naturally occurring molecule, which helps clean fabrics by chemically reacting with soils in cold water. Adding an ozone laundry system(s) will reduce the amount of chemicals, detergents, and hot water needed to wash linens. Using ozone also reduces the total amount of water consumed, saving even more in energy. Purchase and install ozone laundry system(s) on or after November 1, 2009 to be eligible for this rebate.

Requirements:
· Customer must have a natural gas-fired boiler or natural gas water heater that supplies hot water to the on-premise laundry equipment.
· This incentive only applies to the following facilities with on-premise laundry operations:
· Hotels/motels with fewer than 250 guest rooms.
or
· Fitness and recreational sports centers.
· The ozone laundry system(s) must be a new purchased product and installed with a new or existing commercial washing machine(s).
· The ozone laundry system(s) must transfer ozone into the water through:
· Venturi Injection
or
· Bubble Diffusion

Application Process:
· For hotel customers: The total number of guest rooms must be included on the invoice.
· Must include a manufacturer’s specification sheet documenting manufacturer name, equipment model, and ozone laundry system’s serial number(s).
· Must include total washer capacity in pounds for operating washer units with ozone laundry system(s) connected.

Program Restrictions and Guidelines

Terms and Conditions: 
The rebate is downstream provided to the customer at the time of sale upon receipt of application and invoice. This is not a Direct Install program.

Market Applicability: 
This measure is applicable for hotels with less than 250 guest rooms as well as all health centers. Data for health centers from three NRR applications show gas savings consistent with that of hotels.  However, it will currently be assumed that health centers will use the same measure energy savings that are calculated for hotels.  This measure is not applicable to residential or multi-family facilities. 

Table 1 below shows the market potential savings from ozone across a variety of market sectors. Detailed calculations regarding the market potential calculations can be found in the appendix.

[bookmark: _Ref240703790][bookmark: _Toc239835022][bookmark: _Toc240703732]

[bookmark: _Toc386803146]Table 1  Market Potential
 
	Market Sector
	# of Facilities in California
	Water Savings [Gal/year]
	Gas Savings [Therms/year]

	Hospitality [hotels/motels] [endnoteRef:2] [2:  "Lodging Report",  December 2008, California Travel & Tourism Commission, http://tourism.visitcalifornia.com/media/uploads/files/editor/Research/CaliforniaTourism_200812.pdf
] 

	5,480
	774,138,346
	10,904,499

	Nursing Homes [endnoteRef:3] [3:  "Health, United States, 2008" Table 120, U.S. Department of Health & Human Services, Centers for Disease Control & Prevention, National Center for Health Statistics, http://www.cdc.gov/nchs/data/hus/hus08.pdf#120
] 

	1,274
	170,266,358
	2,398,369

	State Prisons [endnoteRef:4] [4:  Fourth Quarter 2008 Facts and Fictures, California Department of Corrections & Rehabilitation (CDCR), http://www.cdcr.ca.gov/Divisions_Boards/Adult_Operations/docs/Fourth_Quarter_2008_Facts_and_Figures.pdf
] 

	33
	251,445,378
	3,541,855

	County Jails [endnoteRef:5] [5:  Jail Profile Survey (2008), California Department of Corrections & Rehabilitation (CDCR), http://www.cdcr.ca.gov/Divisions_Boards/CSA/FSO/Docs/2008_4th_Qtr_JPS_full_report.pdf
] 

	58
	130,146,869
	1,833,247

	[bookmark: _Ref382901716]Gymnasiums [endnoteRef:6] [6:  Ozone in Laundry Facilities, Prepared by Global Energy Partners, LLC / 02 April 2007
] 

	3,337
	n/a
	n/a

	Total Market Potential:
	1,325,996,950
	18,677,970



[bookmark: _Toc386803561]1.2 Product Technical Description
[bookmark: _Toc304800203][bookmark: _Toc324318339][bookmark: _Toc324340483]This work paper provides an estimate of energy savings associated with retrofitting a conventional commercial laundry system with an ozone generator. Ozone is a powerful oxidant and disinfectant which can reduce odors and remove organic contaminants. Ozone cleans fabrics by chemically reacting with soils. Ozone removes electrons from the soils, causing the soils to break down into smaller molecules that become water soluble and are released from the linen by ordinary agitation. Because of its properties, it is a good alternative to conventional detergents and bleach. The use of ozone allows laundry machines to operate effectively in cold water. Natural gas energy savings will be achieved at the hot water heater/boiler as they will be required to produce less hot water to wash each load of laundry. The decrease in hot water usage will increase cold water usage, but overall water usage at the facility will decrease.

The most common method of producing ozone for laundry applications is via corona discharge. Simply put, dry air is passed through an electrical field. The electric field causes some of the oxygen molecules to split into separate oxygen atoms. Individual oxygen atoms are unstable and attach to other oxygen molecules, forming ozone molecules. Ozone is rarely generated and then stored, but instead is generated and/or while the washer-extractor is in operation. Different manufacturers of ozone equipment for laundry operations use a variety of techniques to apply or introduce the ozone gas into the washer-extractor. The four most common methods are:

1. Recirculation injection – Wash water is continuously circulated between the washer and ozone system. As a result, the wash water is continuously re-oxidized and ozone-enriched.
2. Diffusion – Ozone is continuously injected directly into the sump of the washer throughout each step of the wash cycle.
3. Direct water injection – A venturi injects ozone into the cold-water supply line leading to the washer.
4. Charge system – Ozone is mixed with cold water and then continually recycled between a contact vessel and the ozone system to maintain a predetermined ozone level in the water. The water containing ozone is delivered to the washer on demand and the ozone-enriched water is not recharged once it enters the washer.
[bookmark: _Toc386803562]1.3 Measure Application Type 
The DEER Measure Cost Data Users Guide found on www.deeresources.com under DEER2011 Database Format hyperlink, DEER2011 for 13-14, spreadsheet SPTdata_format-V0.97.xls, defines the terms as follows:

[bookmark: _Toc386803147][bookmark: RANGE!B222]Table 2 Measure Application Type[endnoteRef:7] [7:  The DEER Measure Cost Data Users Guide found on www.deeresources.com under DEER2011 Database Format hyperlink, DEER2011 for 13-14, spreadsheet SPTdata_format-V0.97.xls.
] 

Identifies the measure application type in the Measure Implemenation table in DEER2011.
	Code
	Description
	Comment

	ER
	Early retirement
	Measure is more efficient than code/std; Dual baseline, full measure costs required

	ROB
	Replace on Burnout
	Single baseline (above code), incremental or full costs

	NC
	New Construction
	
Single baseline (above code), incremental or full costs

	REA
	Retrofit Add On
	Single baseline (above pre-existing), full measure costs required



This measure is identified as either Retrofit Add On or New Construction.

[bookmark: _Toc304800204][bookmark: _Toc324318340][bookmark: _Toc324340484][bookmark: _Toc386803563]1.4 Product Base Case and Measure Case Data
[bookmark: _Toc304800205][bookmark: _Toc324318341][bookmark: _Toc324340485][bookmark: _Toc386803564]1.4.1 DEER Base Case and Measure Case Information 
[bookmark: _Toc304800206][bookmark: _Toc324318342][bookmark: _Toc324340486]This measure is not included in the Database for Energy Efficient Resources (DEER).

[bookmark: Net_to_Gross]Net-to-Gross Assumption: 
Table 3 below summarizes all applicable DEER based Net-to-Gross ratios for programs that may be used by this measure.
[bookmark: _Ref382553092][bookmark: _Toc386803148]Table 3 DEER Net-to-Gross Ratios
	
	
	DEER Spreadsheet

	Program Approach
	NTG
	File name
	Cell Number

	Com-Default>2yrs: 
All other EEMs with no evaluated NTGR; existing EEM in programs with same delivery mechanism for more than 2 years
	0.6
	SupportTable_NTGR.csv1
	D52


[bookmark: _Toc386803565]1.4.2 Codes & Standards Requirements Base Case and Measure Information
[bookmark: _Ref240445465]Title 20: This measure does not fall under Title 20 of the California Energy Regulations. However, water heating equipment is regulated under the Title 20 Appliance Standard of the California Energy Regulations (October 2012). Section 1605.1.f.1 (Table F-3) requires that gas hot water supply boilers have a minimum thermal efficiency of 80%.[endnoteRef:8]   [8:  California Code of Regulations, Title 20, Section 1605.1.f.1 (Table F-3), October 2012.
] 


Title 24: This measure does not fall under Title 24 of the California Energy Regulations. 

Federal Standards: This measure does not fall under Federal DOE or EPA Energy Regulations. 

[bookmark: _Toc304800207][bookmark: _Toc324318343][bookmark: _Toc324340487]

[bookmark: _Toc386803566]1.4.3 EM&V, Market Potential, and Other Studies – Base Case and Measure Case Information 
1.4.3.1 The Benefits of Ozone in Hospitality On-Premise Laundry Operations[endnoteRef:9] [9:  The Benefits of Ozone in Hospitality On-Premise Laundry Operations, PG&E Emerging Technologies Program, Application Assessment Report #0802, April 2009.
] 

PG&E’s Emerging Technologies Program developed a paper highlighting the potential therm savings of ozone washers at a hospitality site in Emeryville, California. The value of the natural gas saved due to the replacement of hot water with cold was the leading component of total savings. The value of the electricity savings was minor, but the value of the water and sewer savings was larger than expected. Total savings resulted in a simple payback of 7.5 months. 

[bookmark: _Toc304800208][bookmark: _Toc324318344][bookmark: _Toc324340488][bookmark: _Toc386803567]1.4.4 Assumptions and Calculations from other sources—Base and Measure Cases

Energy Savings Assumption (ΔW, ΔTherms): A number of ozone washing machine projects have received incentives under PG&E’s Non-Residential Retrofit-Demand Response (NRR-DR) incentive program. The data gathered from those incentive reviews has been utilized to calculate run-time factors, measure cost data, and base case efficiency factors.

Base Case Costs and Measure Case Costs: An average measure cost per unit capacity was generated using data collected from ozone laundry projects that received incentives under PG&E’s Non-residential Retrofit-Demand Response program (NRR-DR). 

Effective Useful Life: The measure equipment effective useful life (EUL) is estimated at 10 years based on the typical life of the ozone generator’s corona discharge unit.
 
1.4.5 Time-of-Use Adjustment Factor
We are required by CPUC decision 06-06-063 dated June 29, 2006 to apply time-of-use (TOU) adjustment factors on residential A/C and commercial A/C (packaged and split-system direct-expansion cooling) measures only.  Since this is not an A/C measure, the TOU adjustment factor is 0. 

The specific values and results are summarized in Table 4
[bookmark: _Ref242757962]
[bookmark: _Ref386013232][bookmark: _Toc386803149]Table 4 TOU Adjustment Factors
	Measure
	kWAC
	kWTotal
	%

	Ozone Generator
	0
	0
	0




[bookmark: _Toc304800209]1.5 Summary of Inputs for Savings Calculations 
The following table provides references to sections that document the inputs for calculation:

	Input Variable
	Variations
	Base Case 1 Average Value
	Base Case 2 Average Value
	Measure Case Average Value
	Reference Section

	Electric Savings
	Any
	--
	--
	--
	

	Gas Savings
	Any
	--
	--
	39.3 therms
	Section 2.3

	Hours of operation
	Any
	--
	--
	--
	

	Full Cost 
	REA, NC
	--
	--
	$75.73
	Section 4.3.1

	Incremental Cost
	REA, NC
	--
	--
	$75.73
	Section 4.3.2

	EUL /RUL
	REA, NC
	--
	--
	10 years
	Section 1.4.4

	NTG
	One
	--
	--
	0.6
	Section 1.4.1

	ISR
	No 
	--
	--
	--
	

	TOU Factor
	A/C projects only
	--
	--
	--
	


[bookmark: _Toc304800210][bookmark: _Toc324340489]
[bookmark: _Toc386803568]Section 2. Calculation Methods
[bookmark: _Toc386803150]Table 5 Baseline by Measure Application Type
	[bookmark: _Toc324340490][bookmark: _Toc383441995][bookmark: _Toc304800211][bookmark: _Toc324318365][bookmark: _Toc324340494]Measure Application Type
	[bookmark: _Toc324340491][bookmark: _Toc383441996]Measure Life Basis
	[bookmark: _Toc324340492][bookmark: _Toc383441997]First Baseline Period: Energy Savings Baseline
	[bookmark: _Toc324340493][bookmark: _Toc383441998]Second Baseline Period: Energy Savings Baseline

	[bookmark: _Toc324318349]ER (early retirement)
	[bookmark: _Toc324318350]EUL
	Customer Average Baseline
	Code Baseline

	[bookmark: _Toc324318353]ROB (replace-on-burnout)
	[bookmark: _Toc324318354]EUL
	[bookmark: _Toc324318355]Code Baseline
	[bookmark: _Toc324318356]N/A

	[bookmark: _Toc324318357]NC (new construction)
	[bookmark: _Toc324318358]RUL/EUL-RUL
	[bookmark: _Toc324318359]Code Baseline
	N/A

	REA (retrofit add on)
	EUL
	Code Baseline
	N/A


Notes: 
· For ROB and REA measures, First Baseline is the baseline for the full EUL. There is no second baseline.
· For ER measures, First Baseline Period is the period for the RUL(remaining useful life),defined by the CPUC as RUL=1/3 EUL. Second baseline period for ER is Code baseline for the period EUL-RUL.
[bookmark: _Toc386803569]2.1 Electric Energy Savings Estimation Methodologies
[bookmark: _Toc304800212][bookmark: _Toc324318366][bookmark: _Toc324340495]Based on data and analysis provided by the Emerging Technologies Report6 and several ozone generator manufacturers, we recognize that in addition to the natural gas savings from ozone generation, there are potential impacts to site electrical energy use. The potential impacts are discussed below; however, there is currently insufficient data to accurately quantify the net magnitude of the impacts for this analysis.

· Hot Water Pump(s) [kWh]: reduced hot water consumption may result in additional electrical savings by reducing the pumping load.
· Clothes Washer [kWh]: retrofitting existing washer to utilize ozone can reduce the total washer cycle length saving electrical energy for each cycle.
· Clothes Dryer [kWh and therms]: the reduced washer cycle length may decrease the dampness of the clothes when they move to the dryer. This can result in shorter runtimes which result in gas and electrical savings.
· Ozone Generator [kWh]: the ozone generator uses electricity to generate ozone and thus will add to the site energy use.

As this technology matures and becomes more widely adopted, further data may be available to quantify the net electrical energy impacts.
[bookmark: _Toc386803570]2.2. Demand Reduction Estimation Methodologies
There is no anticipated demand reduction associated with this measure.
[bookmark: _Toc304800213][bookmark: _Toc324318367][bookmark: _Toc324340496][bookmark: _Toc386803571]2.3. Gas Energy Savings Estimation Methodologies
[bookmark: _Toc304800214][bookmark: _Toc324318368][bookmark: _Toc324340497]Gas savings calculations for this measure were based solely on the reduction in hot water use. In calculating therm savings based on hot water use, four main components are needed:
1. Gas Energy Intensity for Hot Water (a measure of boiler efficiency) 
2. Washer Utilization Factor (a measure of washer use rate)
3. Hot Water Usage Factor (a measure of how efficient a baseline machine is)
Hot Water Reduction Factor (a measure of how well the ozone system reduced hot water from the base case).
[bookmark: _Toc238435135][bookmark: _Toc238435227][bookmark: _Toc238440674][bookmark: _Toc238441274][bookmark: _Toc238441392][bookmark: _Toc238441508][bookmark: _Toc238443025][bookmark: _Toc239835472][bookmark: _Toc386803572]Calculating Gas Energy Intensity for Hot Water (therms / gallon of hot water)
In order to estimate savings normalized per unit of washer capacity [lbs of laundry], average gas energy intensity is needed [therms/gallon]. This factor is a measure of the typical boiler efficiency and is translated into a quantity of hot water used.

Engineering calculations were developed based on assumptions about the boiler, incoming municipal water temperature, and hot water temperature for the boilers. The base case boiler efficiency is the regulated minimum efficiency (80%), per Title 20 Appliance Standard of the California Energy Regulations (October 20012). Section 1605.1.f.1 (Table F-3) requires that gas hot water supply boilers have a minimum thermal efficiency of 80%.6 The incoming municipal water temperature is assumed to be 60 °F with the hot water supply temperature assumed to be 135 °F. These temperatures were based on default test procedures on clothes washers set by the Department of Energy’s Office of Energy Efficiency and Renewable Energy[endnoteRef:10]. Enthalpies for these temperatures were obtained from ASHRAE Fundamentals[endnoteRef:11]. [10:  Federal Register, Vol. 52, No. 166
]  [11:  2009 ASHRAE Handbook – Fundamentals, Thermodynamic Properties of Water at Saturation, Section 1.1 (Table 3), 2009
] 


The gas energy intensity is based on the difference in enthalpy between the incoming municipal water and the boiler supply temperature multiplied by the density of water and divided by the boiler efficiency:

[image: ]
[image: ]
[image: ]

This value represents the amount of thermal energy required to raise one gallon of water from 60 ºF to 135 ºF.
[bookmark: _Toc193787020][bookmark: _Toc238435136][bookmark: _Toc238435228][bookmark: _Toc238440675][bookmark: _Toc238441275][bookmark: _Toc238441393][bookmark: _Toc238441509][bookmark: _Toc238443026][bookmark: _Toc239835473][bookmark: _Toc386803573]Determining Washer Utilization Factor (annual laundry / lbs laundry capacity)
In order to estimate savings normalized per unit of washer capacity [lbs of laundry], an average washer utilization factor is needed. That is, the average annual quantity of clothes washed [lbs of laundry] per unit of washer capacity [lbs of laundry] is needed. This factor is a measure of the runtime of a typical laundry facility in terms of the common unit [lbs of laundry capacity].

Average utilization factors were generated using data collected from existing ozone laundry projects that received incentives under the NRR-DR program. The median value was used to prevent limited data points from skewing the washer utilization factor. Table 6 summarizes data gathered from several NRR-DR projects:

[bookmark: _Ref240703840][bookmark: _Toc240703734][bookmark: _Toc386803151]Table 6 Washer Utilization Rate
[image: ]
Note:
- 4,380 lbs/lb-capacity approximates to an average washer use rate of 12 cycles/day.
- The shaded rows in Table 6 represent projects that did not have washer utilization data. This is due to differing calculation methods.
[bookmark: _Toc238435137][bookmark: _Toc238435229][bookmark: _Toc238440676][bookmark: _Toc238441276][bookmark: _Toc238441394][bookmark: _Toc238441510][bookmark: _Toc238443027][bookmark: _Toc239835474][bookmark: _Toc386803574]Determining Hot Water Usage Factor (gallons of hot water / lb of clothes)
In order to estimate savings, a typical hot water use per unit of laundry is needed. This factor represents how efficiently a typical conventional washing machine utilized hot water normalized per unit of clothes washed.

Average hot water usage factors were generated using data collected from existing ozone laundry projects that received incentives under the NRR-DR program. Table 7 summarizes data gathered from several NRR-DR projects:

[bookmark: _Ref240703870][bookmark: _Toc240703735][bookmark: _Toc386803152]
Table 7 Hot Water Use Factor
[image: ]
Note:
- The shaded rows in Table 7 represent projects that did not have hot water data available. This is due to differing calculation methods.
[bookmark: _Toc238435138][bookmark: _Toc238435230][bookmark: _Toc238440677][bookmark: _Toc238441277][bookmark: _Toc238441395][bookmark: _Toc238441511][bookmark: _Toc238443028][bookmark: _Toc239835475][bookmark: _Toc386803575]Determining Hot Water Reduction Factor (% reduction in hot water)
In order to calculate the savings resulting from installation of an ozone generator, an average hot water reduction factor is needed. This factor represents how much more efficient an ozone injection washing machine is compared to a typical conventional washing machine as a rate of hot water reduction.

Average hot water reduction factors were generated using data collected from existing ozone laundry projects that received incentives under the Non-Residential Retrofit Demand Reduction program (NRR-DR). Table 8 summarizes data gathered from several NRR-DR projects:

[bookmark: _Ref240703891][bookmark: _Toc240703736][bookmark: _Toc386803153]Table 8 Hot Water Reduction Factor
[image: ]


Note:
- The shaded rows in Table 8 represent projects that did not have total water data available. This is due to differing calculation methods.

Annual Gas Savings:
Finally, the average annual gas savings for the measure is calculated below:

Annual Gas Savings [therms/Unit] = Annual Base Gas Usage – Annual Measure Gas Usage

[image: ]
[image: ]


[image: ]
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[image: ]

[bookmark: _Toc240703776][bookmark: _Toc386803576]2.4 Water Savings Estimation Methodologies
Water savings are presented here for information only and not as a basis of energy impacts. The savings calculations listed here account for the combination of hot and cold water used. Savings calculations for this measure were based on the reduction in total water use from implementing an ozone washing system to the base case. There are three main components in obtaining this value:
1. Water Usage Factor (a measure of how water efficient a base case machine is)
2. Water Reduction Factor (a measure of how well the ozone system reduced water from the base case)
3. Washer Utilization Factor (a measure of washer use rate)

Average water usage and water reduction factors were generated using data collected from existing ozone laundry projects that received incentives under the Non-Residential Retrofit Demand Reduction program (NRR-DR). Table 9 summarizes data gathered from several NRR-DR projects:

[bookmark: _Ref240703915][bookmark: _Toc240703737][bookmark: _Toc386803154]Table 9 Water Usage and Reduction Factors
[image: ]

Note:
- The shaded rows in Table 9 represent projects that did not have total water data available or did not have washer utilization data available. This is due to differing calculation methods.

The Washer Utilization Factor is also based on data collected from the NRR-DR program and is calculated above in the Gas Savings Calculations.

Finally, the average annual water savings for the measure is calculated below:
[image: ]
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[bookmark: _Toc386803577]Section 3. Load Shapes 
Load Shapes are an important part of the life-cycle cost analysis of any energy efficiency program portfolio.  The net benefits associated with a measure are based on the amount of energy saved and the avoided cost per unit of energy saved.  For electricity, the avoided cost varies hourly over an entire year.  Thus, the net benefits calculation for a measure requires both the total annual energy savings (kWh) of the measure and the distribution of that savings over the year.  The distribution of savings over the year is represented by the measure’s load shape.  The measure’s load shape indicates what fraction of annual energy savings occurs in each time period of the year.  An hourly load shape indicates what fraction of annual savings occurs for each hour of the year.  A Time-of-Use (TOU) load shape indicates what fraction occurs within five or six broad time-of-use periods, typically defined by a specific utility rate tariff.  Formally, a load shape is a set of fractions summing to unity, one fraction for each hour or for each TOU period.  Multiplying the measure load shape with the hourly avoided cost stream determines the average avoided cost per kWh for use in the life cycle cost analysis that determines a measure’s Total Resource Cost (TRC) benefit.
[bookmark: _Toc173742996][bookmark: _Toc304800215][bookmark: _Toc324318369][bookmark: _Toc324340498][bookmark: _Toc386803578]3.1 Base Case Load Shapes
[bookmark: _Toc173742997][bookmark: _Toc304800216][bookmark: _Toc324318370][bookmark: _Toc324340499]Load shapes are not applicable to gas measures because the price of gas is not dependent on time-of-use.
[bookmark: _Toc386803579]3.2 Measure Load Shapes
[bookmark: _Toc304800217][bookmark: _Toc324318371][bookmark: _Toc324340500]Load shapes are not applicable to gas measures because the price of gas is not dependent on time-of-use.

[bookmark: _Toc386803580]Section 4. Base Case & Measure Costs

	[bookmark: _Toc304800218][bookmark: _Toc324318372][bookmark: _Toc324340501]Measure Application Type
	Measure Life Basis
	First Baseline Period Full Measure Cost (RUL)
	Second Baseline Period Full Measure Cost (EUL – RUL)

	NC (new construction)
	EUL
	Calculated as Incremental Measure Cost
	N/A

	ROB(replace on burnout)
	EUL
	Calculated as Incremental Measure Cost
	N/A

	ER (early retirement)
	RUL/
EUL-RUL
	Calculated as Full Gross Measure Cost
	Calculated as Negative Full Gross Base Case Cost

	REA (retrofit add on)
	EUL
	Calculated as Full Gross Measure Cost
	N/A



[bookmark: _Toc386803581]4.1 Base Case(s) Costs
[bookmark: _Toc304800219][bookmark: _Toc324318373][bookmark: _Toc324340502]Load shapes are not applicable to gas measures because the price of gas is not dependent on time-of-use.
[bookmark: _Toc386803582]4.2 Measure Case Costs 
Average costs per unit of capacity were generated using data collected from existing ozone laundry projects that received incentives under the Non-Residential Retrofit Demand Reduction program (NRR-DR). Table 10 summarizes data gathered from several NRR-DR projects:


[bookmark: _Ref240703938][bookmark: _Toc240703738][bookmark: _Toc386803155]Table 10 Measure Costs
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[bookmark: _Toc304800220][bookmark: _Toc324318374][bookmark: _Toc324340503][bookmark: _Toc386803583]4.3 Incremental & Full Measure Costs
	[bookmark: _Toc324318375][bookmark: _Toc324340504]Measure Application Type
	Full Measure Cost
(RUL Period/First Baseline)
	Full Measure Cost
(EUL-RUL Period/ Second Baseline)
	Incremental Measure Cost

	ER
	Measure Equipment Cost 
+Measure Labor Cost
	(-1)x(Base Equipment Cost
+ Base Labor Cost)
	Measure Equipment Cost 
– Base Case Equipment Cost

	ROB
	Measure Equipment Cost 
– Base Case Equipment Cost
	N/A
	Measure Equipment Cost 
– Base Case Equipment Cost

	NC
	Measure Equipment Cost 
– Base Case Equipment Cost
	N/A
	Measure Equipment Cost 
– Base Case Equipment Cost

	REA
	Measure Equipment Cost 
– Base Case Equipment Cost
	N/A
	Measure Equipment Cost 
– Base Case Equipment Cost



[bookmark: _Toc386803584]4.3.1 Full Measure Cost
Full Measure Cost is the cost to install an energy efficient measure per the CPUC calculators. This definition implies a different meaning depending on the Measure Application type. 

The Measure Application Types are: NC or ROB, so the Full Measure Cost (FMC) is represented by the equation below:


FMC = (Measure Equipment Cost + Measure Labor Cost) –
   (Base Case Equipment Cost + Base Case Labor Cost)

*Note: We assume that, unless stated otherwise, the measure case labor and base case labor are assumed to be the same value reducing the equation to the following:

FMC = Measure Equipment Cost – Base Case Equipment Cost

FMC = $75.73 per (unit) - $0 per (unit) = $75.73 per unit

[bookmark: _Toc324318376][bookmark: _Toc324340505][bookmark: _Toc386803585][bookmark: _Toc304800221]4.3.2 Incremental Measure Costs
Incremental Measure Cost is the premium cost to install an energy efficient measure over a standard efficiency measure or code baseline measure. While IMC has a straightforward definition depending on the Measure Application type, the equation does vary. 

The Measure Application Types are: REA, and NC so the Incremental Measure Cost (GMC) is represented by the appropriate equation below:

IMC = (Measure Equipment Cost + Measure Labor Cost) –
    (Base Case Equipment Cost + Base Case Labor Cost)

*Note: Unless stated otherwise the measure case and base case labor costs are typically the same, reducing the equation to the following:

IMC = Measure Equipment Cost – Base Case Equipment Cost

IMC = $75.73 per (unit) -- $0 per (unit) = $75.73 per (unit)

Summary Table for Section 4
	Measure ID
	Measure Application Types
	Base Case Total Cost
	Measure Case Total Cost[endnoteRef:12] [12:  SCE, Measure Cost Revision 5 revised for PG&E by S.L. Blanc 2012
 ] 

	Full Measure Case Cost
	Incremental Measure Cost

	B85
	REA
	$0
	$75.73
	$75.73
	$75.73

	B85
	NC
	$0
	$75.73
	$75.73
	$75.73




[bookmark: _MON_1382719630]
[bookmark: _Toc324318383][bookmark: _Toc324340513][bookmark: _Toc386803586][bookmark: _Toc304800222]References 
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NRR-DR 

Project 

Number

Washer 

Capacity

Washer 

Utilization Factor

Units: [lbs/Cycle] [Cycles/day] [Cycles/year] [lbs/year] [lbs/lbs-capacity]

Source: DATA DATA Calculation Calculation Calculation

Project #3 170

                   7               2,373               403,325                       2,373 

Project #4 325

                 12               4,380            1,423,500                       4,380 

Project #5 115

                 11               4,015               461,725                       4,015 

Project #6 100

                   8               2,920               292,000                       2,920 

Project #7 625

                   8               2,920            1,825,000                       2,920 

Project #8 280

                 21               7,665            2,146,200                       7,665 

Project #9 180

                 30             10,950            1,971,000                     10,950 

Project #10 1040

                   8               2,920            3,036,800                       2,920 

Project #11 190

                 13               4,745               901,550                       4,745 

Project #12 220

                 13               4,745            1,043,900                       4,745 

Project #13 200

                   9               3,103               620,500                       3,103 

Project #14 305 35 12775 3896375 12775

Project #15 250 17                   6,205               1,551,250           6,205                     

Project #1 190

 N/A 

Project #2 147  N/A 

Median: 4,380                     

Washer Use Rate

 No Washer Use Data Available 

 No Washer Use Data Available 
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NRR-DR Project 

Number

Washer 

Use Rate

Annual Hot 

Water

Hot Water 

Use Factor

Units: [lbs/year] [Gal/year] [Gal/lb]

Source: Table 3 DATA Calculated

Project #3 403,325       723,138            

               1.79 

Project #4 1,423,500    1,482,816         

               1.04 

Project #5 461,725       88,878              

               0.19 

Project #6 292,000       513,920            

               1.76 

Project #7 1,825,000    2,539,670         

               1.39 

Project #8 2,146,200    2,090,246         

               0.97 

Project #9 1,971,000    2,837,145         

               1.44 

Project #10 3,036,800    4,010,182         

               1.32 

Project #11 901,550       1,894,350         

               2.10 

Project #12 1,043,900    1,414,011         

               1.35 

Project #1

 N/A 

1,456,387         

 N/A 

Project #2

 N/A 

469,025            

 N/A 

Project #13 620,500      

Project #14 3,896,375   

Project #15 1,551,250   

Mean                1.34 

No Water Data Available

No Water Data Available

No Water Data Available
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NRR-DR Project 

Number

Annual Hot 

Water

(Base Case)

Annual Hot 

Water

(Ozone)

Hot Water 

Savings % Reduction

Units: [Gal] [Gal] [Gal] [%]

Source: DATA DATA Calculated Calculated

Project #1

           1,456,387               127,020       1,329,367  91%

Project #2

              469,025                 39,563          429,462  92%

Project #3

              723,138                         -            723,138  100%

Project #4

           1,482,816                         -         1,482,816  100%

Project #5

                88,878                 69,259            19,619  22%

Project #6

              513,920                 90,520          423,400  82%

Project #7

           2,539,670               317,915       2,221,755  87%

Project #8

           2,090,246                         -         2,090,246  100%

Project #9

           2,837,145            1,248,300       1,588,845  56%

Project #10

           4,010,182                         -         4,010,182  100%

Project #11

           1,894,350                         -         1,894,350  100%

Project #12

           1,414,011                         -         1,414,011  100%

Project #13

N/A

Project #14

N/A

Project #15 N/A

Mean: 86%

No Water Data Available

No Water Data Available

No Water Data Available
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= 0.00781           x 4380 x 1.34

= 45.7                 [Therms / lbs of laundry capacity]
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SOURCE: (0.00781041) (3)

= 45.7                 x (1 - .86)

= 6.4                   [Therms / lbs of laundry capacity]
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= 45.7                 - 6.4

= 39.3                 [Therms / lbs of laundry capacity]
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NRR-DR Project 

Number

Washer Use 

Rate

Annual Water

(Base Case)

Annual 

Water

(Ozone)

Annual 

Water 

Savings % Reduction

Water 

Usage 

Factor

Units: [lbs/year] [Gal] [Gal] [Gal] [%] [Gal/lb]

Source: Table 3 DATA DATA Calculated Calculated Calculated

Project #3

        403,325           979,368          680,433         298,935  31%             2.43 

Project #4

     1,423,500        2,844,328       1,650,720      1,193,608  42%             2.00 

Project #5

        461,725           387,265          343,100           44,165  11%             0.84 

Project #6

        292,000           770,880          513,920         256,960  33%             2.64 

Project #7

     1,825,000        3,295,950       2,746,260         549,690  17%             1.81 

Project #8

     2,146,200        4,332,258       3,200,904      1,131,354  26%             2.02 

Project #9

     1,971,000        4,866,180       3,602,550      1,263,630  26%             2.47 

Project #10

     3,036,800        7,849,544       5,202,856      2,646,688  34%             2.58 

Project #1

 N/A        2,515,945       1,628,156         887,790  35% N/A

Project #2

 N/A           998,072          513,868         484,204  49% N/A

Project #11

        901,550  N/A N/A

Project #12

     1,043,900  N/A N/A

Project #13

        620,500  N/A N/A

Project #14

     3,896,375  N/A N/A

Project #15      1,551,250  N/A N/A

Mean: 30% 2.10             

 No Water Data Available 

 No Cold Water Data Available 

 No Cold Water Data Available 

 No Water Data Available 

 No Water Data Available 
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= 2.10 x 30% x 4380

= 2,789            [gallons / lbs of laundry capacity]
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Project Number

Measure 

Cost

Washer 

Capacity

Total Installed 

Cost

Units: [$] [lbs-capacity] [$/lb-capacity]

Project #1 14,171.42 $    190                 74.59 $             

Project #2 15,140.00 $    147                 102.99 $           

Project #3 14,158.80 $    170                 83.29 $             

Project #4 23,165.24 $    325                 71.28 $             

Project #5 13,000.00 $    115                 113.04 $           

Project #6 12,000.00 $    100                 120.00 $           

Project #7 25,136.00 $    625                 40.22 $             

Project #8 12,138.00 $    280                 43.35 $             

Project #9 15,000.00 $    180                 83.33 $             

Project #10 39,141.36 $    1,040              37.64 $             

Project #11 14,000.00 $    190                 73.68 $             

Project #12 14,635.86 $    220                 66.53 $             

Project #13 14,165.24 $    200                 70.83 $             

Project #14 28,235.00 $    305                 92.57 $             

Project #15 15,669.00 $    250                 62.68 $             

Mean: 75.73 $             
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Measure Cost (Courtesy of SCE Strategic Planning and Technical Services, from rev5 Measure Cost document 10/3/11)

The installation of energy efficient measures incur two types of costs, incremental measure cost (IMC) and gross measure cost (GMC).  These two costs are determined by either all or a subset of 4 values including base case equipment and labor cost as well as measure case equipment and labor cost.  Depending on the installation/program type of the measure (ROB, NEW, ER, REA), the 4 equipment and labor values will vary as being relevant to the gross and incremental equations.


To further complicate the issue there are two periods for ER measures, a Remaining Useful Life (RUL) period or the first baseline period;  and an Estimate Useful Life minus Remaining Useful Life (EUL- RUL) period or the second baseline period.  In ER situations; it is assumed that the equipment replaced had 1/3 of the new equipment’s life remaining before failure.  The cost will be calculated differently for those two periods.


Note: For ROB, NEW, and REA the new equipment is either not replacing existing equipment or replacing equipment that has been assumed to have failed so there is no RUL period of existing equipment.


The following discussion and equations will attempt to demonstrate the proper use of the IMC and GMC equations as well. Even though the values will vary significantly, it is always the Gross measure cost that is reported for a measure whether it is NEW, ROB, ER, or REA.


Gross Measure Cost


Gross Measure Cost is the cost to install an energy efficient measure per the E3.  This definition implies 2 different meanings depending on the install type.  It can either mean the full cost of the measure as in the case of ER (RUL/First baseline period only) and REA or it can mean the cost premium required to install the energy efficient measure over a less efficient piece of equipment as in the case of NEW and ROB.


For ER (RUL/ First baseline period only) and REA, GMC is represented by the equation below:


GMC = Measure Equipment Cost + Measure Labor Cost


For NEW and ROB, GMC is represented by the equation below:


GMC 
= (Measure Equipment Cost + Measure Labor Cost) –


    (Base Case Equipment Cost + Base Case Labor Cost)


*Note: Unless stated otherwise the measure case labor and base case labor are assumed to be the same value reducing the equation to the following:


GMC 
= Measure Equipment Cost – Base Case Equipment Cost


As seen in the above equations, the gross measure cost is dependent on the installation type of the measure.


In the case of ER and REA, the customer is making a conscious decision to replace existing, working equipment before the useful life of the equipment.  Since this is a discretionary choice by the consumer, the cost invoked is the full cost of equipment and installation of the energy efficient equipment.


In the case of NEW and ROB, the equipment being replaced is assumed to have failed in place or is past its useful life so the customer is in the situation of having to purchase new equipment.  The customer is then faced with either purchasing standard efficiency or code baseline equipment versus energy efficient equipment.  Since the customer will be spending money to replace equipment anyway, the gross cost for the energy efficient measure is the premium paid above the non-efficient or code baseline equipment.


Special Notes on ER with concern to RUL and EUL-RUL


The equation described above for ER is the equation used for the RUL/first baseline period only of a ER measure.  At the expiration of the RUL period and the start of the EUL-RUL period, the base case is assumed to jump from the customer baseline to either code or industry standard practice baseline.  At this point the GMC equation for ER would shift to an equation similar to NEW and ROB.


To accommodate the shift in the E3 calculator and tracking systems, the negative of the base case equipment gross cost must be recorded in the tracking systems.  When the two rows for RUL and EUL-RUL are summed together the GMC from the RUL period and the GMC from the EUL-RUL period will sum to the correct gross cost for a NEW or ROB type measure


For ER RUL period, GMC is represented by the equation below:


GMC = Measure Equipment Cost + Measure Labor Cost


For ER EUL - RUL period, GMC is represented by the equation below:


GMC = (-1) x (Base Equipment Cost + Base Labor Cost)


*Note: Various complicated price fluctuations are not addressed in these equations, such as future costs due to inflation in labor, future costs due to deflation in material cost, and other variables that cannot be accurately described at this time.

Incremental Cost on the following page


Incremental Measure Cost


Incremental Measure Cost is the premium cost to install an energy efficient measure over a standard efficiency measure or code baseline measure.  While IMC has a straight forward definition depending on the install type, the equation does vary.  The incremental cost is only used to help determine program incentives and is not affected by the RUL and EUL-RUL periods and may differ from the cost used for reporting.


For NEW, ROB, and ER measures, there exists a theoretical base case that the measure can be compared to in cost.  Because of this for NEW, ROB, and ER, IMC is represented by the equation below:


IMC 
= (Measure Equipment Cost + Measure Labor Cost) –


    (Base Case Equipment Cost + Base Case Labor Cost)


*Note: Unless stated otherwise the measure case labor and base case labor are assumed to be the same value reducing the equation to the following:


IMC 
= Measure Equipment Cost – Base Case Equipment Cost


In the case of NEW and ROB the IMC and GMC end up having the same equation and hence the same value.  In the case of ER, the IMC is different from the GMC and the IMC is only used for program use in determining incentive values.


For REA there exists no base case to compare the measure too, as in the case of an economizer added to a HVAC system.  Adding the economizer is the energy efficient measure and the base case is the absence of an economizer therefore there is truly no base case cost.  Because of this, for REA, IMC is represented by the equation below:


IMC = Measure Equipment Cost + Measure Labor Cost


See the following page for a summary table


Table 1. Measure Cost Summary


		Install/Program  Type

		Gross Measure Cost


(RUL Period/First Baseline)

		Gross Measure Cost


(EUL-RUL Period/ Second Baseline)

		Incremental Measure Cost



		NEW

		Measure Equipment Cost – Base Case Equipment Cost

		N/A

		Measure Equipment Cost – Base Case Equipment Cost



		ROB

		Measure Equipment Cost – Base Case Equipment Cost

		N/A

		Measure Equipment Cost – Base Case Equipment Cost



		ER

		Measure Equipment Cost +Measure Labor Cost

		(-1) x (Base Equipment Cost 


                     + Base Labor Cost)

		Measure Equipment Cost – Base Case Equipment Cost



		REA

		Measure Equipment Cost + Measure Labor Cost

		N/A

		Measure Equipment Cost + Measure Labor Cost





*Note: For a more thorough discussion on the install/program type, see the install type document.
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