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[bookmark: _Toc304800192][bookmark: _Toc324318330][bookmark: _Toc324340474][bookmark: _Toc388445537]At-a-Glance Summary
	Applicable Measure Codes:
	H16

	Measure Description: 
	Replacement of process water boiler with new, direct contact water boiler.  Must have Thermal Efficiency (TE) of 90% or better (AFUE > 88% if rated input capacity < 300MBtuh).

	Energy Impact Common Units: 
	Per MBtuh (1,000 Btuh) of rated input capacity

	Base Case Description:
	Source:  Describe the existing base case technology that will be replaced with the energy efficient technology (state: existing customer equipment or code/standard). Existing standard efficiency process boiler with assumed efficiency and operating hours.
[bookmark: _Ref187638697]Source: CEC boiler efficiency listings6, operating hours from Boiler Population Survey[endnoteRef:1]. [1:  “Characterization of the US Industrial / Commercial Boiler Population,” Oak Ridge National Laboratory by Energy and Environmental Analysis, Inc. , May 2005.] 


	Base Case Energy Consumption: 
	36.7 therms / MBtuh / yr
Source:  PG&E Calculations. Base case process boiler with typical efficiency of 80.2% per CEC boiler efficiency listings. 

	Measure Energy Consumption:

	30.0 therms / MBtuh / yr
Source:  PG&E Calculations. Average boiler meeting program requirements of 90% efficiency or better.

	Energy Savings 
(Base Case – Measure):
	6.7 therms / MBtuh / yr
Source:  PG&E Calculations.

	Costs Common Units: 
	Per MBtuh  (DEER2014 used KBtuh in database, but refers to the same MBtuh value, MBtuh is the industry reference)

	Base Case Equipment Cost ($/unit):

	$7.33 / MBtuh
[bookmark: _Ref187737229]Source:  Southern California Gas (SCG) WP 2006-2008[endnoteRef:2] [2:  “Process Boilers (Including Direct Contact Water Heaters); Workpaper for PY2006-2008”, Energy and Environmental Analysis, Inc. for Southern California Gas Company, March 2006.] 


	Measure Equipment Cost ($/unit): 
	$12.53 / MBtuh
Source:  SCG WP 2006-2008.2

	Gross Measure Cost ($/unit)
	$5.20 / MBtuh
Source:  SCG WP 2006-2008.2See Section 4 for explanation

	Measure Incremental Cost ($/unit): 
	$5.20 / MBtuh
Source:  SCG WP 2006-2008.2


	Effective Useful Life (years): 
	Source: DEER 2014 20 years

	Measure Application Type:
	Replace on Burnout (ROB), or New Construction (NC). 

	Net-to-Gross Ratios: 
	Source: DEER 2014 Default > 2 years 0.60

	Important Comments:
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[bookmark: _Toc388445543]Section 1. General Measure & Baseline Data
[bookmark: _Toc304800202][bookmark: _Toc324318338][bookmark: _Toc324340482][bookmark: _Toc388445544]1.1 Product Measure Description & Background
Catalog Description – For this measure only direct contact water heaters for process end-uses qualify. In direct contact water heater systems design, heat from a flame comes into direct contact with small droplets of cold water which run through a stainless steel heat exchange media. Droplets composed from the process come into direct contact with rising heat from the flame and the water is heated directly. Boilers must meet efficiency requirements based on size as shown in 
Table 1 below; please note that based on boiler size, the requirements apply to either AFUE (Annual Fuel Utilization Efficiency) or to thermal efficiency. 
[bookmark: _Ref189549970][bookmark: _Toc195003813]
Table 1 - Required Efficiency by Size
	[bookmark: _Hlk189552458]Input Rating
	Required Efficiency

	 ≤300 MBtuh
	AFUE ≥ 88%

	> 300 MBtuh
	Thermal Efficiency > 90%



Program Restrictions and Guidelines
The measure applies to industrial process boilers and is not intended for domestic hot water or space heating. 
Terms and Conditions
Boilers must meet a minimum thermal efficiency of 90% as installed (or AFUE > 88% for boilers with rated input ≤ 300MBtuh).  The rebate is downstream, offered to the customer at the time of installation upon receipt of the customer application and invoice.  This is not a direct install program.
Market Applicability 
This measure is applicable to any industrial process boiler. The rebate is offered as Replace on Burnout (ROB) or New Construction (NC), replacing a standard efficiency boiler.

[bookmark: _Toc388445545]1.2 Product Technical Description
[bookmark: _Toc304800203][bookmark: _Toc324318339][bookmark: _Toc324340483][bookmark: _Ref187744252]This measure encourages the replacement of standard-efficiency boilers with high-efficiency direct contact boilers. Direct contact boilers are designed to extract all possible energy from natural gas combustion; they use a submerged-flame burner where water is directly in contact with the burning gas. Figure 1 below[endnoteRef:3] shows an example of a design of a direct contact water heater.  [3:  “High-Efficiency Direct-Contact Water Heater” by the Office of Industrial technologies – Energy Efficiency and Renewable Energy – U.S. Department of Energy. August 2001] 

[bookmark: _Ref189549992][bookmark: _Toc195003823]Figure 1 – Layout of a Direct-Contact Water Heater 
[image: ]

This measure specifically targets process boilers used by industrial end-use customers who manufacture a sellable product. Because process boilers run a significant fraction of the time, a gain in thermal efficiency of a process boiler can result in significant savings. 

[bookmark: _Toc388445546]1.3 Measure Application Type 

The DEER Measure Cost Data Users Guide found on www.deeresources.com under DEER2014 Database Format hyperlink, DEER2014 for code update, spreadsheet SPTdata_format-V0.97.xls, defines the terms as follows:

[bookmark: _Toc324427642][bookmark: RANGE!B222]Table 2 Measure Application Type[endnoteRef:4] [4:  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 applied while existing equipment still viable, or retrofit of existing equipment

	ROB
	Replace on Burnout
	measure applied when existing equipment fails or maintenance requires replacement

	NC
	New Construction
	measure applied during construction design phase as an alternative to a code-compliant standard design


[bookmark: _Toc304800204][bookmark: _Toc324318340][bookmark: _Toc324340484][bookmark: _Toc388445547]1.4 Product Base Case and Measure Case Data
[bookmark: _Toc304800205][bookmark: _Toc324318341][bookmark: _Toc324340485][bookmark: _Toc388445548]1.4.1 DEER Base Case and Measure Case Information 
 
· The DEER 2014 data include: Equipment Useful Life, Net to Gross, Initial Service Rate 


Table 3 DEER User and Technology Table
[image: ]

Delta Wattage Assumption (ΔW): This is a gas measure no delta wattage assumptions apply.

EUL Electric Savings (ΔW):             DEER Version and Impact IDs
DEER gives a uniform value of 20 years EUL for all high-efficiency boilers. No EUL value is specified for standard-efficiency boilers, and it is assumed to be 20 years, as for high-efficiency boilers. See Measure IDs D03-066, D03-067 and D03-068, referenced as from CALMAC Report, September 2000.

Hours of Operation:  				          DEER Version 2014
 24 hours per day X 356 Days per year or 8760 hours per year.


[bookmark: Net_to_Gross]Net-to-Gross Assumption: DEER 2014 does not specifically list a NTG for Water Heaters, therefore, the default NTG for measures offered more than 2 years of 0.60 is used.

Measure code H16 rebate is downstream, offered to the customer at the time of installation upon receipt of the customer application and invoice.  This is not a direct install program.
 
Table 4 below summarizes all applicable DEER based Net-to-Gross ratios for programs that may be used by this measure.

[bookmark: _Toc324427643]Table 4 DEER Net-to-Gross Ratios
	
	

	Program Approach
	NTG

	Com Default > 2 Years
	0.60



The NTG Ratios in Table 1 are appropriate for the measure(s) because:
· All commercial water heating measures that are not specifically called out in DEER2014 must use this default

Effective Useful Life / Remaining Useful Life: 
DEER2014 gives a uniform value of 20 years EUL for all high-efficiency boilers. See Measure IDs D03-066, D03-067 and D03-068, referenced as from CALMAC Report, September 2000.

Effective Useful Life: 				          DEER Version 2014
· The Effective Useful Life estimates were downloaded directly from DEER, they match the intended measures for climate zones and building types and vintages.

In-service rate/first year installation rate: GSIA is not specifically listed in DEER 2014 however the assumption is the ISR would be 1. 

Measure code H16 rebate is downstream, offered to the customer at the time of installation upon receipt of the customer application and invoice.  This is not a direct install program.
[bookmark: _Toc304800206][bookmark: _Toc324318342][bookmark: _Toc324340486][bookmark: _Toc388445549]1.4.2 Codes & Standards Requirements Base Case and Measure Information
Title 20: This measure falls under Title 20 of the California Energy Regulations. Under this regulation, all boilers for retail sale in California shall meet the efficiency requirements shown in 
Table 1 below. It should be noted that for boilers over 300MBtuh, Title 20’s efficiency requirements apply to combustion efficiency, while the requirements of this measure apply to thermal efficiency. However, for most boilers listed in the CEC database,5 thermal and combustion efficiencies are equal. 
[bookmark: _Toc195003814][bookmark: _Ref189552131]Table 5 -  Title 20 Requirements for Boiler Combustion Efficiencies [endnoteRef:5] [5:  California Appliance Efficiency Regulations, CEC-400-2006-002-REV2, December 2006.] 

[image: ]



Title 24: This measure does not fall under Title 24

Federal Standards: This measure does not fall under Federal DOE or EPA Energy Regulations. 
 
[bookmark: _Toc304800207][bookmark: _Toc324318343][bookmark: _Toc324340487][bookmark: _Toc388445550]1.4.3 EM&V, Market Potential, and Other Studies – Base Case and Measure Case Information
There are no M&V or other studies which apply to Direct Contact Water Heaters. Information on the base and measure case are found in the other sub-sections of 1.4. Market Potential for California was estimated using the following studies and databases for this measure:
· A study of US industrial and commercial boiler population1
· [bookmark: _Ref187746258]CEC boiler inventory[endnoteRef:6] [6:  CEC efficiency data available online at http://www.energy.ca.gov/appliances/appliance/excel_based_files/boilers/ ] 

· [bookmark: _Ref185933071]Economic data relating GDP per industry in California and in the US[endnoteRef:7] [7:  Bureau of Economic Analysis – Regional Economic Accounts – Gross Domestic Products by State  –http://www.bea.gov/regional/gsp/ - see also appendices] 

[bookmark: _Toc304800208][bookmark: _Toc324318344][bookmark: _Toc324340488]
[bookmark: _Toc388445551]1.4.4 Assumptions and Calculations from other sources—Base and Measure Cases
Title 20 requires a minimum combustion efficiency of 80% for all non-residential gas boilers with a maximum rated capacity over 300 MBtuh or 3-phase electrical supply. This covers all the boilers considered in this measure. Please note that the requirements of this measure apply to thermal efficiency, not combustion efficiency. 
Process boiler baseline efficiency values were calculated based on efficiency listings published by the California Energy Commission (CEC)6 (referred to as the CEC inventory). Thermal efficiencies (not combustion efficiencies) were used to be consistent with the measure’s requirements. The CEC inventory includes over 3,000 gas boilers for steam and hot water production. The hot water boilers were sorted in order of increasing efficiency. The results are plotted in Figure 1. 
The base case efficiency was calculated as a simple average of the thermal efficiencies of boilers listed in the CEC inventory. For the base case, only standard-efficiency boilers (boilers with thermal efficiency between 80% and 82%) were considered. Figure 2 below shows the number of boilers by efficiency level from the CEC database.
No direct contact water heaters are listed in the inventory and we performed out own efficiency benchmarking based on data from five different direct contact boiler manufacturers. Based on this benchmarking, we found that the average available direct contact boiler has an efficiency of 98.1%. Table 6 below shows the results of this benchmarking, and Table 7 represents the associated CEC efficiency data. 
[bookmark: _Ref189556127][bookmark: _Toc195003815]Table 6– Direct Contact Water Heater Benchmarking[endnoteRef:8] [8:  References used for benchmarking (snapshots of the webpages available in the appendix) : 
Ellis corporation: http://www.elliscorp.com/
Armstrong international, Flo-Direct water heater: http://armstrong-intl.com/files/common/allproductscatalog/flodirect.pdf
Kemco Systems, Direct Contact Water Heater: http://www.kemcosystems.com/Water-System-Components/TE100-Water-Heater.html
Canada Office of Energy Efficiency, Ultra-High efficiency direct contact water heater: http://oee.nrcan.gc.ca/publications/infosource/pub/ici/caddet/english/r438.cfm?attr=20
Sofame Technologies, Inc:  http://www.sofame.com/Benefits_eng.htm
QuikWater, High Efficiency Direct Contact Water Heater: http://www.quikwater.com/qw_products_twintower.htm

] 

[image: ]
Table 7 Energy Savings Assumption (ΔW, ΔTherms): [image: ] 

Base Case Costs and Measure Case Costs:
All costs estimates in this document are based on a cost survey performed by Southern California Gas (SCG).2 SCG interviewed 6 different boiler manufacturers and got price estimates for boilers with capacities below 10 MMBtuh. This data was used to determine an average cost per MMBtuh both for the base case and for the measure. 

Please note that the costs taken into account here are only the materials costs. It was assumed that installation costs were the same for the base case and the measure.
Table  below presents the base case costs results:

Base case boiler costs approximately $28,752 / 3920(average input capacity MBtuh) = $7.33 per MBtuh
[bookmark: _Ref189550760][bookmark: _Toc195003820]Table 8 - Average Base Case Boiler Cost Results
[image: ]


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. 

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

Table 9 Summary of Inputs for Savings Calculations
	Input Variable
	Variations
	Base Case 1 Average Value
	Base Case 2 Average Value
	Measure Case Average Value
	Reference Section

	Electric Savings
	None
	None
	None
	None
	Section 1.4.1

	Gas Savings
	None
	36.7
	
	6.7 Therms per MBtuh
	Section 2

	Hours of operation
	None
	8760
	N/A
	8760
	Section 1.4.1

	Full Cost 
	None
	$28,727
	N/A
	$49,122 ($12.53 per MBtuh)
	Section 4.3

	Incremental Cost
	None
	N/A
	N/A
	$20,370 ($5.20 per MBtuh)
	Section 4.3

	EUL /RUL
	None
	20
	N/A
	20
	Section 1.4.1

	NTG
	One
	0.6
	N/A
	0.6
	

	ISR
	No
	1
	N/A
	1
	Section 1.4.1

	TOU Factor
	A/C projects only
	N/A
	N/A
	N/A
	Section 1.4.5


[bookmark: _Toc304800210][bookmark: _Toc324340489][bookmark: _Toc388445552]Section 2. Calculation Methods
[bookmark: _Toc324427648]Table 10  Baseline by Measure Application Type
	[bookmark: _Toc324340490][bookmark: _Toc388445553]Measure Application Type
	[bookmark: _Toc324340491][bookmark: _Toc388445554]Measure Life Basis
	[bookmark: _Toc324340492][bookmark: _Toc388445555]First Baseline Period: Energy Savings Baseline
	[bookmark: _Toc324340493][bookmark: _Toc388445556]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


[bookmark: _Toc304800211][bookmark: _Toc324318365][bookmark: _Toc324340494]Notes: 
· For ROB 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: _Toc388445557]2.1 Electric Energy Savings Estimation Methodologies
· There are no electric energy savings associated with this measure.
[bookmark: _Toc304800212][bookmark: _Toc324318366][bookmark: _Toc324340495][bookmark: _Toc388445558]2.2. Demand Reduction Estimation Methodologies
· There is no anticipated demand reduction associated with this measure 
[bookmark: _Toc304800213][bookmark: _Toc324318367][bookmark: _Toc324340496][bookmark: _Toc388445559]2.3. Gas Energy Savings Estimation Methodologies
[bookmark: _Toc304800214][bookmark: _Toc324318368][bookmark: _Toc324340497]The key parameters for this energy savings calculation are the average input rating for each measure (see below), the baseline and measure boiler efficiencies (discussed above), and the equivalent full-load hours (see below). The following paragraphs describe how these parameters were determined and present the calculation steps and results. 
[bookmark: _Toc388441728][bookmark: _Toc388445560]Average input rating
Average input rating was calculated using an analysis of industrial and commercial boilers done for Oak Ridge National Labs in 2005.1 This analysis gives average input ratings of boilers in different industries across the US. To tailor these data to the California industry, we used economic data7 listing the GDP of different industry sectors, both nationwide and in California.  Table  below lists the summary data and results:

[bookmark: _Ref189550393][bookmark: _Toc195003817]Table 11- Average Boiler Input Rating by Industries
[image: ]
[bookmark: _Toc388441729][bookmark: _Toc388445561]Capacity Factor and Equivalent full-load hours (EFLH)
Boilers, like many gas systems, have modulating controls that allow them to operate at a fraction of their nominal capacity. As a result, the number of operating hours of a boiler is not an accurate representation of its energy consumption, and the average capacity factor needs to be taken into account. This capacity factor is the ratio of actual energy consumption during a certain time period and the consumption that would have occurred if the boiler were at full capacity during the same period (see formula below): 


The capacity factor was calculated using the same method as for the average boiler efficiency: data from the analysis of industrial and commercial boilers1 was combined with industry-specific GDP data7 to get an accurate estimation of the average process boiler capacity factor in California. Equivalent full-load hours are calculated by multiplying the total operating hours of the boiler by its capacity factor.   Data for calculating weighted average capacity factor is shown below in Table .

[bookmark: _Ref189550447][bookmark: _Toc195003818]Table 12 – Average Boiler Capacity Factor by Industries
[image: ]
[bookmark: _Toc388441730][bookmark: _Toc388445562]Calculation method and fundamental assumptions
For calculating energy savings, the following assumptions were used:
· New direct contact unit has the same input rating (measured in MBtuh) as the unit being replaced.
· Both units (old and new) deliver the same amount of hot water on an annual basis (i.e., customer demand for hot water does not change). The direct contact unit will thus have less full-load equivalent full-load hours than the base case unit.

With these assumptions, the energy saved by a new direct contact unit was calculated as follows:


Where:
Q = Energy saved (therms/yr), as a result of installing the direct contact water heater
EFLH = Equivalent Full-Load Hours (hrs/yr). See above for details on how the equivalent full load hours were estimated.
R = input rating (MBtuh, ie kBtu/h)
Eb = Efficiency (%) of the baseline unit being replaced 
Em = Efficiency (%) of the new high-efficiency unit (also called the measure efficiency)
100 = Conversion factor from MBtuh to therms

The interim values and final results of the gas savings calculations are presented in Table  below:
[bookmark: _Ref183947067][bookmark: _Toc195003819]Table 13- Gas Savings Calculations
[image: ]
[bookmark: _Toc388445563]Section 3. Load Shapes 
Load shapes for base case and measure case are based on E3 calculator load shapes and follow a DEER 2014 Annual gas impact profile.
[bookmark: _Toc173742996][bookmark: _Toc304800215][bookmark: _Toc324318369][bookmark: _Toc324340498][bookmark: _Toc388445564]3.1 Base Case Load Shapes
[bookmark: _Toc173742997] Base case load shapes follow the DEER 2014 Annual gas impact profile.
[bookmark: _Toc304800216][bookmark: _Toc324318370][bookmark: _Toc324340499][bookmark: _Toc388445565]3.2 Measure Load Shapes
Measure case load shapes follow a DEER 2014 Annual gas impact profile.
[bookmark: _Toc304800217][bookmark: _Toc324318371][bookmark: _Toc324340500]




[bookmark: _Toc388445566]Section 4. Base Case & Measure Costs

Table 14 DEER Base Case and Measure Cast Cost Definitions
	[bookmark: _Toc304800218]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



[bookmark: _Toc327273155][bookmark: _Toc388441735][bookmark: _Toc388445567][bookmark: _Toc304800220][bookmark: _Toc324318374][bookmark: _Toc324340503]4.1 Base Case Costs
Table  below presents the base case costs results:

Base case boiler costs approximately $28,752 / 3920(average input capacity MBtuh) = $7.33 per MBtuh, based on average input capacity in the survey performed 3,920MBtuh.

Table 15 - Average Base Case Boiler Cost Results
	Measure Code
	Measure Application Type
	Baseline
	Equipment Cost
	Labor / Installation Cost
	Maintenance / Other Cost
	Total Base Case Cost/boiler
	Total Base Case Cost/MBtuh

	H16
	NC 
	Existing, Code 
	$28,752
	$N/A
	$N/A
	$28,752
	$7.33

	H16
	ROB
	Existing Code
	$28,752
	$N/A
	$N/A
	$28,752
	$7.33


[bookmark: _Toc327273156][bookmark: _Toc388441736][bookmark: _Toc388445568]4.2 Measure Costs

Table 16 below presents the measure equipment costs:
Measure cost, direct contact water heater is approximately $49,122 / 3920(average input capacity MBtuh) = $12.53 per MBtuh.
[bookmark: _Ref189550683][bookmark: _Toc195003821]
Table 16 - Average Measure Case Boiler Cost Results
	Measure Code
	Measure Application Type
	Baseline
	Equipment Cost
	Labor / Installation Cost
	Maintenance / Other Cost
	Total Measure Case Cost
	Total Base Case Cost/MBtuh

	H16
	ER
	Existing Code
	$49,122
	$N/A
	$N/A
	$49,122
	$12.53

	H16
	ROB
	Existing Code
	$49,122
	$N/A
	$N/A
	$49,122
	$12.53






[bookmark: _Toc327273157][bookmark: _Toc388441737][bookmark: _Toc388445569]4.3 Incremental & Full Measure Costs
Table 17 below presents the DEER 2014 Definitions of Incremental and Full Measure Costs. The full measure costs are equal to the measure costs and are presented in the table above. 

Table 17 DEER Incremental and Full Measure Cost Definition
	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



[bookmark: _Toc195003822]

[bookmark: _Toc324318375][bookmark: _Toc324340504][bookmark: _Toc388445570]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. 

This Measure Application Type is: 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 = $49,122-$28,752 = $20,370 / 3920MBtuh = $5.20 per MBtuh
                      


*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.

[bookmark: _Toc324318376][bookmark: _Toc324340505][bookmark: _Toc388445571][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. 

This Measure Application Type is: ROB, or NC so the Gross Measure Cost (GMC) is represented by the appropriate equation below:


IMC = Measure Equipment Cost – Base Case Equipment Cost

IMC = $49,122-$28,752 = $20,370 / 3920MBtuh = $5.20 per MBtuh 

Table 18 Summary Table for Section 4
	Measure ID
	Measure Application Types
	Base Case Total Cost
	Measure Case Total Cost[endnoteRef:9] [9:  SCE, Measure Cost Revision 5 revised for PG&E by S.L. Blanc 2012
 ] 

	Full Measure Case Cost
	Incremental Measure Cost/per boiler
	IMC per MBtuh

	H16
	ROB
	$28,752
	$49,122
	$49,122
	$20,370
	$5.20

	H16
	NC
	$28,752
	$49,122
	$49,122
	$20,370
	$5.20
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Brand Model Efficiency

Kemco systems TE100 direct contact water heater 99%

Sofame Technologies 1.3MW direct contact boiler 96%

Armstrong Flo-Direct  99.70%

Quikwater Twin-Tower system 99%

Ellis Ludell 99.8 Plus Direct Contact Water heater 99.80%

Sofame Technologies Custom-made solutions 95%

Average efficiency 98.1%
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Base Case Equipment Cost

3,920

Cost

$/boiler $28,752

$/MBtuh $7.33

Average input capacity in the survey 

performed (MBtuh)
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Average boiler 
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(nationwide)

% of CA industry 

GDP vs 

nationwide 

industry GDP

Estimated number 

of boilers per 

industry in CA

Weighting 

factor

Food 20 10,610 9.70% 1,030 25.6%

Paper 109 3,460 4.30% 149 3.7%

Chemicals 28 11,980 8.80% 1,055 26.3%

Refining 143 1,200 21.50% 258 6.4%

Metals 34 3,330 4.50% 150 3.7%

Other manufacturing 23 12,435 11.05% 1,374 34.2%

Total 43,015 4,016 100.0%

Weighted average 

boiler capacity 

(MMBtuh)

34.84
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Industry

Capacity 

factor

Number of 

boilers 

(nationwide)

% of CA industry 

GDP vs 

nationwide 

industry GDP

Estimated number 

of boilers per 

industry in CA

Weighting 

factor

Food 31% 10,610 9.70% 1,030 25.6%

Paper 66% 3,460 4.30% 149 3.7%

Chemicals 50% 11,980 8.80% 1,055 26.3%

Refining 25% 1,200 21.50% 258 6.4%

Metals 47% 3,330 4.50% 150 3.7%

Other manufacturing 44% 12,435 11.05% 1,374 34.2%

Total 43,015 4,016 100.0%

Weighted average of 

capacity factors

41.9%
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Baseline

Input Rating (MBtuh, avg) 34,840                   

Full Load Efficiency % 80.2%

Operating Hours hrs/yr 8,760                     

Capacity Factor % 41.9%

EFLH hrs/yr 3,669                     

Energy Input therms/yr 1,278,210              

therms/MBtuh/yr 36.7                       

Energy Output therms/yr 1,025,124              

Measure

Input Rating MBtuh same as baseline

Full Load Efficiency % 98.1%

Operating Hours hrs/yr same as baseline

Capacity Factor % 34.2%

EFLH hrs/yr 2,999

Energy Input therms/yr 1,044,979              

therms/MBtuh/yr 30.0                       

Energy Output therms/yr same as baseline

Annual Energy Savings

(therms/unit/year) 233,231                 

therms/MBtuh/yr 6.7
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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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