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Workpaper PGECOHVC123
94 AFUE Furnace - Res
Revision # 2
Pacific Gas & Electric Company
Customer Energy Efficiency Department
94 AFUE Central Natural Gas Furnace - Residential
Measure Codes: H731, H732
At-A-Glance Summary

	Applicable Measure Codes:
	H731 and H732

	Measure Description: 
	This measure applies to the installation of a 94% AFUE efficiency central natural gas furnace with and without variable speed motor in a residential dwelling.  

	Energy Impact Common Units: 
	kW, kWh, and Therms Per household

	Base Case Description:
	Source: Title 20 XE "Title 20" 
Gas furnace meeting T20 base case requirements of 78% AFUE.

	Base Case Energy Consumption: 
	Source: DEER 2008. 

Depends on climate zone, dwelling type, and vintage.

	Measure Energy Consumption:
	Source: DEER 2008. 

Depends on climate zone, dwelling type, and vintage.

	Energy Savings (Base Case – Measure)
	Source: DEER 2008. 

Depends on climate zone, dwelling type, and vintage.

	Costs Common Units: 
	$ Per furnace.

	Base Case Equipment Cost ($/unit):
	Source: DEER 2008. 
Varies, see At-A-Glance Measure List

	Measure Equipment Cost ($/unit): 
	Source: DEER 2008. 
Varies, see At-A-Glance Measure List

	Measure Incremental Cost ($/unit): 
	Source: DEER 2008. 
Varies, see At-A-Glance Measure List

	Effective Useful Life (years): 
	Source:  DEER 2008. 

20 years for furnace only
15 years for furnace with variable speed motor (VSM)

	Program Type:
	Retrofit and Replace on Burnout

	Net-to-Gross Ratios: 
	Source: DEER 2008. 

0.60, NTGR Values for Residential Measures spreadsheet


	Important Comments:
	


At-A-Glance Measure List

	Measure Code
	DEER Impact ID
	Measure Description
	Building Type
	Building Vintage
	Climate Zone
	Peak Electric Demand Reduction (kW/household)
	Electric Savings (kWh/household)
	Gas Savings (therms/ household)
	Base Case Cost ($/household)
	Measure Cost

($/household)
	Measure Incremental Cost  ($/household)
	Effective Useful Life (years)

	H731
	 
	94% AFUE FURNACE (WITHOUT BUILT-IN VSM)
	OTR
	AV
	OTR
	0
	0
	0.00
	$0.00
	$0.00
	$0.00
	 

	H731
	DMO-w01-vPGx-hAC-tWt-bCA-eMS-mRG-HV-EffFurn-94AFUE
	94% AFUE FURNACE (WITHOUT BUILT-IN VSM)
	DMO
	AV
	Z01
	0
	0
	53.89
	$476.55
	$1,322.89
	$524.98
	20

	H731
	 
	94% AFUE FURNACE (WITHOUT BUILT-IN VSM)
	MFM
	AV
	Z01
	0
	0
	22.93
	$344.69
	$879.63
	$302.50
	20

	H731
	SFM-w01-vPGx-hAC-tWt-bCA-eMS-mRG-HV-EffFurn-94AFUE
	94% AFUE FURNACE (WITHOUT BUILT-IN VSM)
	SFM
	AV
	Z01
	0
	0
	48.46
	$344.69
	$1,393.19
	$680.35
	20

	H731
	 
	94% AFUE FURNACE (WITHOUT BUILT-IN VSM)
	OTR
	AV
	Z01
	0
	0
	22.93
	$344.69
	$879.63
	$302.50
	20

	H731
	DMO-w02-vPGx-hAC-tWt-bCA-eMS-mRG-HV-EffFurn-94AFUE
	94% AFUE FURNACE (WITHOUT BUILT-IN VSM)
	DMO
	AV
	Z02
	0
	0
	51.77
	$476.97
	$1,324.06
	$525.44
	20

	H731
	 
	94% AFUE FURNACE (WITHOUT BUILT-IN VSM)
	MFM
	AV
	Z02
	0
	0
	23.38
	$545.93
	$1,393.19
	$479.11
	20

	H731
	SFM-w02-vPGx-hAC-tWt-bCA-eMS-mRG-HV-EffFurn-94AFUE
	94% AFUE FURNACE (WITHOUT BUILT-IN VSM)
	SFM
	AV
	Z02
	0
	0
	49.43
	$545.93
	$1,203.82
	$339.78
	20

	H731
	 
	94% AFUE FURNACE (WITHOUT BUILT-IN VSM)
	OTR
	AV
	Z02
	0
	0
	23.38
	$545.93
	$1,393.19
	$479.11
	20

	H731
	DMO-w03-vPGx-hAC-tWt-bCA-eMS-mRG-HV-EffFurn-94AFUE
	94% AFUE FURNACE (WITHOUT BUILT-IN VSM)
	DMO
	AV
	Z03
	0
	0
	46.42
	$476.78
	$1,323.54
	$525.23
	20

	H731
	 
	94% AFUE FURNACE (WITHOUT BUILT-IN VSM)
	MFM
	AV
	Z03
	0
	0
	21.53
	$471.72
	$1,203.82
	$413.98
	20

	H731
	SFM-w03-vPGx-hAC-tWt-bCA-eMS-mRG-HV-EffFurn-94AFUE
	94% AFUE FURNACE (WITHOUT BUILT-IN VSM)
	SFM
	AV
	Z03
	0
	0
	45.50
	$471.72
	$1,160.47
	$382.09
	20

	H731
	 
	94% AFUE FURNACE (WITHOUT BUILT-IN VSM)
	OTR
	AV
	Z03
	0
	0
	21.53
	$471.72
	$1,203.82
	$413.98
	20

	H731
	DMO-w04-vPGx-hAC-tWt-bCA-eMS-mRG-HV-EffFurn-94AFUE
	94% AFUE FURNACE (WITHOUT BUILT-IN VSM)
	DMO
	AV
	Z04
	0
	0
	37.32
	$476.72
	$1,323.36
	$525.16
	20

	H731
	 
	94% AFUE FURNACE (WITHOUT BUILT-IN VSM)
	MFM
	AV
	Z04
	0
	0
	17.13
	$454.74
	$1,160.47
	$399.08
	20

	H731
	SFM-w04-vPGx-hAC-tWt-bCA-eMS-mRG-HV-EffFurn-94AFUE
	94% AFUE FURNACE (WITHOUT BUILT-IN VSM)
	SFM
	AV
	Z04
	0
	0
	36.20
	$454.74
	$1,304.27
	$504.88
	20

	H731
	 
	94% AFUE FURNACE (WITHOUT BUILT-IN VSM)
	OTR
	AV
	Z04
	0
	0
	17.13
	$454.74
	$1,160.47
	$399.08
	20

	H731
	DMO-w05-vPGx-hAC-tWt-bCA-eMS-mRG-HV-EffFurn-94AFUE
	94% AFUE FURNACE (WITHOUT BUILT-IN VSM)
	DMO
	AV
	Z05
	0
	0
	50.65
	$476.66
	$1,323.19
	$525.09
	20

	H731
	 
	94% AFUE FURNACE (WITHOUT BUILT-IN VSM)
	MFM
	AV
	Z05
	0
	0
	24.23
	$511.09
	$1,304.27
	$448.53
	20

	H731
	SFM-w05-vPGx-hAC-tWt-bCA-eMS-mRG-HV-EffFurn-94AFUE
	94% AFUE FURNACE (WITHOUT BUILT-IN VSM)
	SFM
	AV
	Z05
	0
	0
	51.22
	$511.09
	$1,526.97
	$612.37
	20

	H731
	 
	94% AFUE FURNACE (WITHOUT BUILT-IN VSM)
	OTR
	AV
	Z05
	0
	0
	24.23
	$511.09
	$1,304.27
	$448.53
	20

	H731
	DMO-w11-vPGx-hAC-tWt-bCA-eMS-mRG-HV-EffFurn-94AFUE
	94% AFUE FURNACE (WITHOUT BUILT-IN VSM)
	DMO
	AV
	Z11
	0
	0
	58.13
	$476.78
	$1,323.54
	$525.23
	20

	H731
	 
	94% AFUE FURNACE (WITHOUT BUILT-IN VSM)
	MFM
	AV
	Z11
	0
	0
	20.39
	$598.35
	$1,526.97
	$525.11
	20

	H731
	SFM-w11-vPGx-hAC-tWt-bCA-eMS-mRG-HV-EffFurn-94AFUE
	94% AFUE FURNACE (WITHOUT BUILT-IN VSM)
	SFM
	AV
	Z11
	0
	0
	43.10
	$598.35
	$1,432.57
	$455.66
	20

	H731
	 
	94% AFUE FURNACE (WITHOUT BUILT-IN VSM)
	OTR
	AV
	Z11
	0
	0
	20.39
	$598.35
	$1,526.97
	$525.11
	20

	H731
	DMO-w12-vPGx-hAC-tWt-bCA-eMS-mRG-HV-EffFurn-94AFUE
	94% AFUE FURNACE (WITHOUT BUILT-IN VSM)
	DMO
	AV
	Z12
	0
	0
	40.45
	$477.09
	$1,324.40
	$525.57
	20

	H731
	 
	94% AFUE FURNACE (WITHOUT BUILT-IN VSM)
	MFM
	AV
	Z12
	0
	0
	19.55
	$561.36
	$1,432.57
	$492.65
	20

	H731
	SFM-w12-vPGx-hAC-tWt-bCA-eMS-mRG-HV-EffFurn-94AFUE
	94% AFUE FURNACE (WITHOUT BUILT-IN VSM)
	SFM
	AV
	Z12
	0
	0
	41.33
	$561.36
	$1,454.26
	$514.34
	20

	H731
	 
	94% AFUE FURNACE (WITHOUT BUILT-IN VSM)
	OTR
	AV
	Z12
	0
	0
	19.55
	$561.36
	$1,432.57
	$492.65
	20

	H731
	DMO-w13-vPGx-hAC-tWt-bCA-eMS-mRG-HV-EffFurn-94AFUE
	94% AFUE FURNACE (WITHOUT BUILT-IN VSM)
	DMO
	AV
	Z13
	0
	0
	49.68
	$476.53
	$1,322.83
	$524.95
	20

	H731
	 
	94% AFUE FURNACE (WITHOUT BUILT-IN VSM)
	MFM
	AV
	Z13
	0
	0
	19.27
	$569.86
	$1,454.26
	$500.11
	20

	H731
	SFM-w13-vPGx-hAC-tWt-bCA-eMS-mRG-HV-EffFurn-94AFUE
	94% AFUE FURNACE (WITHOUT BUILT-IN VSM)
	SFM
	AV
	Z13
	0
	0
	40.73
	$569.86
	$1,314.60
	$360.45
	20

	H731
	 
	94% AFUE FURNACE (WITHOUT BUILT-IN VSM)
	OTR
	AV
	Z13
	0
	0
	19.27
	$569.86
	$1,454.26
	$500.11
	20

	H731
	DMO-w16-vPGx-hAC-tWt-bCA-eMS-mRG-HV-EffFurn-94AFUE
	94% AFUE FURNACE (WITHOUT BUILT-IN VSM)
	DMO
	AV
	Z16
	0
	0
	112.91
	$476.32
	$1,322.26
	$524.72
	20

	H731
	 
	94% AFUE FURNACE (WITHOUT BUILT-IN VSM)
	MFM
	AV
	Z16
	0
	0
	42.17
	$515.13
	$1,314.60
	$452.08
	20

	H731
	SFM-w16-vPGx-hAC-tWt-bCA-eMS-mRG-HV-EffFurn-94AFUE
	94% AFUE FURNACE (WITHOUT BUILT-IN VSM)
	SFM
	AV
	Z16
	0
	0
	89.14
	$515.13
	$1,290.27
	$427.75
	20

	H731
	 
	94% AFUE FURNACE (WITHOUT BUILT-IN VSM)
	OTR
	AV
	Z16
	0
	0
	42.17
	$515.13
	$1,314.60
	$452.08
	20

	H732
	 
	94% AFUE FURNACE (WITH BUILT-IN VSM)
	OTR
	AV
	OTR
	0
	0
	0.00
	$0.00
	$0.00
	$0.00
	 

	H732
	 
	94% AFUE FURNACE (WITH BUILT-IN VSM)
	DMO
	AV
	Z11
	0.04
	318.4
	58.13
	$1,936.78
	$3,123.54
	$865.23
	15

	H732
	 
	94% AFUE FURNACE (WITH BUILT-IN VSM)
	MFM
	AV
	Z11
	0.04
	318.4
	20.39
	$2,058.35
	$3,326.97
	$865.11
	15

	H732
	 
	94% AFUE FURNACE (WITH BUILT-IN VSM)
	SFM
	AV
	Z11
	0.04
	318.4
	43.10
	$2,058.35
	$3,326.97
	$865.11
	15

	H732
	 
	94% AFUE FURNACE (WITH BUILT-IN VSM)
	OTR
	AV
	Z11
	0.04
	318.4
	20.39
	$2,058.35
	$3,326.97
	$865.11
	15

	H732
	 
	94% AFUE FURNACE (WITH BUILT-IN VSM)
	DMO
	AV
	Z12
	0.04
	289.2
	40.45
	$1,937.09
	$3,124.40
	$865.57
	15

	H732
	 
	94% AFUE FURNACE (WITH BUILT-IN VSM)
	MFM
	AV
	Z12
	0.04
	289.2
	19.55
	$2,021.36
	$3,232.57
	$832.65
	15

	H732
	 
	94% AFUE FURNACE (WITH BUILT-IN VSM)
	SFM
	AV
	Z12
	0.04
	289.2
	41.33
	$2,021.36
	$3,232.57
	$832.65
	15

	H732
	 
	94% AFUE FURNACE (WITH BUILT-IN VSM)
	OTR
	AV
	Z12
	0.04
	289.2
	19.55
	$2,021.36
	$3,232.57
	$832.65
	15

	H732
	 
	94% AFUE FURNACE (WITH BUILT-IN VSM)
	DMO
	AV
	Z13
	0.04
	285.2
	49.68
	$1,936.53
	$3,122.83
	$864.95
	15

	H732
	 
	94% AFUE FURNACE (WITH BUILT-IN VSM)
	MFM
	AV
	Z13
	0.04
	285.2
	19.27
	$2,029.86
	$3,254.26
	$840.11
	15

	H732
	 
	94% AFUE FURNACE (WITH BUILT-IN VSM)
	SFM
	AV
	Z13
	0.04
	285.2
	40.73
	$2,029.86
	$3,254.26
	$840.11
	15

	H732
	 
	94% AFUE FURNACE (WITH BUILT-IN VSM)
	OTR
	AV
	Z13
	0.04
	285.2
	19.27
	$2,029.86
	$3,254.26
	$840.11
	15
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     Revision # 

Date 

         Description

         Author (Company)

	Revision 0
	04/11/08
	PGECOHVC123 R 0 -- 94 AFUE Furnace Residential  -- Original work paper
	John Shen (KEMA Services, Inc.) 

	Revision 1
	06/11/09
	94 AFUE Furnace Res PGECOHVC123 R1.doc
	Christopher Li (PG&E)

	
	
	1. therm impact values were derived from the 2008 DEER by taking the weighted average for buildings with and without central air conditioner (CAC).  Based on RASS data, 39% of buildings with CAC and 61% without CAC.

2. Add “OTR” Building type and “OTR” Climate zone on the at-a-glance measure table to reflect zero savings.

3. Add “OTR” Building type on the at-a-glance measure table to reflect minimum savings.

4. Modify NTGR from 0.80 to 0.60, ratio is the default value for HVAC measures.   

5. Modify EUL from 18 years to 20 years, EUL is based on 2008 DEER.

6. Modify base case cost, measure equipment cost, and IMC based on 2008 DEER by taking the weighted average based on RASS data, see section 1.2 for details. 
7. 2008 DEER does not have savings value for Multi-family buildings, an assumption was made by taking the scaling factor of 47.31% from using the 2005 DEER data, for more details, see section 2.3.



	Revision 2
	12/01/09
	94 AFUE Furnace Res
PGECOHVC123 R2.doc
	Christopher Li (PG&E)

	
	                                            
	1. 1.  Add kW and kWh savings for equipments with variable speed motor (VSM), only for climate zones 11, 12, and 13.  Savings where derived from PG&E work paper for VSM air handler, PGECOHVC107 R1.
2. 2.  IMC for furnace with VSM includes cost for both VSM and furnace equipments.

3. 3.  NTG of 0.6 was derived from the 2008 DEER NTG spreadsheet. 
4. 4.  Updated EUL for furnace with VSM to 15 years.

5. 5.  Incorporate new measure codes for 94 AFUE furnace



	Revision 2
	3/16/2010


	94 AFUE Furnace Res

PGECOHVC123 R2.doc
	Christopher Li (PG&E)

	
	                                            
	6. 1.  Updated At-A-Glance Measure List with “OTR” building type based on using the Validation Tool.
7. 2.  Updated kW and kWh based on updated Temperature BIN simulation analysis.

8. 
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Section 1. General Measure & Baseline Data

1.1 Measure Description & Background
This work paper documents the rational for the 94 AFUE Gas Furnace as listed in the Mass Market Residential HVAC Catalog rebate program. The Residential HVAC Catalog is part of Pacific Gas and Electric Company’s Customer Energy Efficiency Program. PG&E offers incentives to residential customers for installing qualifying equipment. 

In the state of California, a large majority of heating systems use natural gas.  According to the Residential Appliance Saturation Survey XE "Residential Appliance Saturation Survey"  (RASS) 1, 74% of all heating systems in PG&E territory run on natural gas.
  Sales of central gas furnace units have also increased steadily from 413,400 units in 1999 to 578,000 units in 2005, a 40% increase.  The proportion of ENERGY STAR XE "ENERGY STAR"  units sold has also increased from 9% in 2000 to 19% in 2005.  The percentages of ENERGY STAR units sold are much higher in PG&E territory at 26% in 2005.
  It is important to note that the ENERGY STAR standards are currently at 90 AFUE, PG&E is promoting high efficiency units, therefore PG&E are only rebating on units with 94 AFUE or better.  Average efficiencies on units sold, however are still relatively low and have hovered between 81 and 82 AFUE in 2005.

Catalog Description
The applicant must have natural gas distributed to the installation address by PG&E for the natural gas furnace rebate and have both natural gas and electric distributed to the installation address by PG&E for the natural gas furnace and VSM rebate.  The central natural gas furnace must have a rating of 94% Annual Fuel Utilization Efficiency (AFUE) gas furnaces. For a list of qualifying products go to www.gamapower.org or 
http://www.ahridirectory.org/ahridirectory/pages/home.aspx.
Program Restrictions and Guidelines

Terms and Conditions
Gas furnace units must have an efficiency level greater than or equal to 94% AFUE in any residential building.  

Gas furnace units with variable speed motor are restricted to Climate Zones 11, 12, and 13.  The variable speed motor must be factory installed where it’s built into the unit.  The motor size must not exceed 10 horsepower (hp).  

Market Applicability 
This measure applies to all types of residential buildings, including mobile homes, single family, and multi-family buildings.
Technical Description

Furnace:

Fuel-burning furnaces provide heat by passing combustion products past a heat exchanger.  Furnaces pass inside air over the outside of the heat exchanger, transferring the heat from the fuel to the air.  Fuel-burning furnaces exhaust the products of combustion to the atmosphere through the flue passage connected to the heat exchanger. Furnaces usually have high utilization hours through the year. A gain in efficiency can therefore result in significant energy savings. 
This measure is applicable to a central natural gas furnace with a rating of 94% Annual Fuel Utilization Efficiency (AFUE).  Savings stated here only apply to residential building types.  

Furnace with variable speed motor:

Most existing small-scale residential heating, ventilation and air conditioning (HVAC) blowers use low cost, low efficiency XE "efficiency" , single speed motors. These motors usually range in power between 0.3hp and 2 hp. They turn on and off as required by thermostat control XE "thermostat control" . This results in temperature variations, and high energy consumption of the air handler motor. 

Most major HVAC manufacturers are now offering variable-speed motor air handlers. These motors have integrated electronic controls that modulate the motor and fan speed based on the cooling or heating load of the system; they run at lower speed most of the time. These motors provide much more efficient operation, and improve the quality of the air distribution; however, they come at a price premium.

This measure is designed to encourage the installation of such variable-speed motor air handlers in residential buildings. Because of the (ideally) cubic relationship between fan power and fan speed, a small reduction in fan speed can result in large energy savings. According to a DOE study
 that focused on variable-speed motor air handlers for residential buildings, this technology could offer 14.5 trillion Btu of savings nationwide by 2010. 

1.2 DEER Differences Analysis
The 94% AFUE furnace measure is included in the 2008 DEER5 for residential buildings and mobile homes.  The 2008 DEER
 also provides savings for this measure with and without an air conditioner.  Based on the Residential Appliance Saturation Survey (RASS)1 data, 39% of customers in PG&E Territory have an air conditioner, while 61% of customers do not have an air conditioner, table 2 below describes the percentage.  Cost and savings value for this measure for multi-family will be included in future revisions of the 2008 DEER.   

Table 1: Electric UEC and Appliance Saturation Summaries by Utility
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Since the 2008 DEER does not include multi-family buildings, the savings were calculated by taking the scaling factor of 47.31% from using the 2005
 DEER data for all PG&E climate zones.  See Section 2.3 for details.    

Natural Gas furnace with variable speed motor measure does not appear in the Database for Energy Efficient Resources (DEER), therefore a BIN simulation analysis
 was used to estimate this savings.  

1.3 Codes & Standards Requirements Analysis
Title 20 XE "Title 20"  requires all furnaces with capacities less than 225 MBtuh to have an AFUE of 78%.
  

Under the California Code of Regulations, Title 24, Part 6, California Energy Code, there are no mandatory requirements dictating airflow volume control devices for residential air handler systems. 

1.4 EM&V, Market Potential, and Other Studies

There are currently no EM&V study identified that address residential furnaces or furnaces with VSM, however there is a report, “California Residential Efficiency Market Share Tracking, HVAC 2005”, prepared by Itron and completed on December 2005, that address the average annual AFUE ratings of central gas furnaces, which ranges from 81.0 to 82.6, during the study period.  This study also tracks the market share of Energy Star qualified units sold in California.
Delta Wattage Assumption (ΔW):  On the BIN analysis, the demand fan usage was assumed to be 400 watts.  This applies only for furnaces with VSM. 

Net-to-Gross Assumption:  The net-to-gross assumption is taken directly from the 2008 DEER5 database as 0.605 for residential gas furnace – 90% AFUE. 
In-service factor/first year installation rate:  Not an issue with this measure as it is a service and maintenance type of measure.

Hours of Operation: Residential furnaces have a wide range of effective full load hours depending on climate zone. Since DEER data are used for the calculation of energy impacts, the hours of operation are already embedded in those values.
Effective Useful Life:  20 years, based on 2008 DEER, for High Efficiency Furnace.  And 15 years for high efficiency furnace with variable speed motor, which is based on the DEER 2008. 
1.5 Base Cases for Savings Estimates: Existing & Above Code
Title 20 XE "Title 20"  code requirements state a minimum efficiency of 78% for furnaces.  Savings calculated in this report assume this code base case.7  

The base case for furnace with VSM measure is a residential-type air handler with single speed fan motor, where the fan motor is a permanent split capacitor (PSC) single-phase motor.

1.6 Base Cases & Measure Effective Useful Lives
The measure effective useful life for 94 AFUE furnaces is given on the 2008 DEER as 20 years for High Efficiency Furnace.  There is no measure effective useful life for 94 AFUE furnace with variable speed motor, however there is a similar technology on the 2008 DEER for non-residential buildings for VSD Supply fan motors, which gives an EUL of 15 years.    
1.7 Net-to-Gross Ratios for Different Program Strategies 

Table 2 below summarizes all applicable Net-to-Gross ratios for programs that may be used by this measure.
Table 2:  Net-to-Gross Ratios5 
	Measure Name
	Program Approach
	NTG

	96% AFUE FURNACE (WITHOUT BUILT-IN VSM)


	Downstream prescriptive rebate
	0.60

	96% AFUE FURNACE (WITH BUILT-IN VSM)


	Downstream prescriptive rebate
	0.60


Section 2. Calculation Methods

2.1 Electric Energy Savings Estimation Methodologies

Energy savings are only applied to furnace with variable speed motor (VSM).  Energy savings calculations for gas furnace with VSM were based on a temperature-bin simulation7 method. 

Temperature-bin simulations7 use HVAC performance data to calculate the efficiency XE "efficiency"  of the system under the base case and measure operating conditions. The efficiency is multiplied by the HVAC load of the building, which is based on the design conditions of the building and a load profile that varies linearly with outside air temperature. The equipment demand is then multiplied by the hours of operation in each temperature bin to determine the energy consumption. 
In the base and proposed cases, the air handler fan was assumed to be operating only to meet cooling and heating loads (i.e. the fan does not operate in absence of a heating or cooling load). Cooling and heating loads were based on climate data and were assumed to vary linearly with outside air temperature. Maximum cooling and heating loads were calculated based on climate-zone-specific design heating and cooling temperatures, obtained from the ASHRAE climatic design information.
 Therefore, in the base case, the fan runtime was equal to the load (as % of total capacity) on the heating or cooling coils; in the proposed case, the speed of the variable speed motor air handler was equal to the load on the heating or cooling coil (as % of total capacity). 

A fan with a VSM behaves similarly to a fan motor with a variable frequency drive XE "Variable Frequency Drive" , and we used a VFD-specific relationship between fan speed and fan energy to calculate energy consumption in the proposed case.
 The following relationship between speed and energy consumption was used:
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Where,
Power is the power consumption of than (in % of nominal power)

A, B and C are constants: A=0.21976, B=-0.8748, C=1.65259, determined from the CEC Guidebook9. 

Speed is the fan speed (in % of nominal speed)
Additionally, the VSM was assumed to have a 10% higher efficiency XE "efficiency"  than a standard Permanent Split Capacitor single-phase motor, based on a DOE document on variable speed motors.

We assumed an air handler motor power of 0.5 hp, and a supply air flowrate of 500 cfm, which is a standard size for air handlers where the VSM technology is applicable.
 To confirm our assumptions, we compared the total energy usage from our simulation for ventilation and cooling with data from the 2004 California Statewide Residential Appliance Saturation Study (RASS)
. The RASS reports average energy consumptions for air conditioning end-use ranging between 700 kWh/yr for town homes and 1,400 kWh/yr for single family dwellings, across all California climate zones. Air conditioning as defined by RASS is comprised of cooling and ventilation. Our simulation shows an average electric consumption of 1,180 kWh/yr for cooling and ventilation, matching the RASS data average point. 

2.2. Demand Reduction Estimation Methodologies

Demand reduction for gas furnace with VSM was calculated based on the improved efficiency XE "efficiency"  of the variable speed motor vs standard motors. Please note that since there is no Variable Frequency Drive for this application, there are no efficiency losses through a VFD device, in contrary to VFD applications. The assumptions stated in Section 2.1 above were used. The following formula was used to calculate the reduction in peak wattage:
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A Power Factor of 0.80 was assumed. The base case and measure efficiencies were respectively 72% (based on the NEMA XE "NEMA"  efficiency XE "efficiency"  tables
) and 79% (assuming a 10% efficiency increase4). 

A peak hour load share of 1.0 was assumed for this measure. 

Sample Calculation to determine the demand savings for furnace with variable speed motor (VSM).
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2.3. Gas Energy Savings Estimation Methodologies

Gas savings for gas furnace with and without VSM were derived from the 2008 DEER5.  Gas savings depend on climate zone, building vintage and dwelling type.  Impact values from the 2008 DEER were determined by using the DOE2 modeling software.  2008 DEER provides impact values for buildings with and without air conditioners throughout PG&E territory.  To calculate the weighted average for buildings with and without air conditioners, the RASS1 data was used.  It was found that 39% of residential buildings in PG&E territory have an central air conditioner, while there is an assumption that 61% does not have central air conditioner, see table 2 of this report for details.   
The following formula was used: 
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Where,

Savings (Therms/household) = Weighted average savings for this measure


DEER Impact w/AC = 2008 DEER values for building with air conditioner


DEER Impact wo/AC = 2008 DEER values for building without air conditioner


0.39 = RASS data for buildings with air conditioner in PG&E territory


0.61 =  RASS data for buildings without air conditioner in PG&E territory

Example calculation:  High efficiency furnace with a 94% AFUE, single family building located in climate zone 01.
Based on 2008 DEER, the impact value for this measure is 51.241 therms/household w/AC and 46.6891 therms/household wo/AC.
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= (19.984) + (28.4803)






= 48.46 therms/household
Multi-family units are not currently listed in the 2008 DEER, but are planned to be added in the future.  To determine energy savings for those units, the savings for single family were scaled using the 2005 DEER database to compare total HVAC annual energy use between single-family, multi-family units.  The annual energy savings for single family units was then scaled based on direct ratios of total annual energy usage per the calculations below:

1) From 2005 DEER, annual AC energy uses was taken for single family and multi-family units, and averaged across each vintage type.  This determined an assumed baseline energy use for each building type.

2) The scaling factor for multi-family units was determined as a direct ratio:

Scaling Factor (%)= (MF AC baseline energy use) ÷ (SF AC baseline energy use)
Table 3, illustrates an example calculation of the scaling factor for PG&E territory.
Table 3: Scaling Factor for Multi-Family building.
	RunID
	MeasureID
	DeerMeasures.Name
	NumOfCommonUnit
	Base usage (kBtuh/household)

	RMFm0103RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	14.9002
	8307.189304

	RMFm0105RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	14.9002
	8285.032707

	RMFm0175RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	20.0983
	34483.25626

	RMFm0185RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	23.4862
	20168.09315

	RMFm0196RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	14.7502
	7989.873586

	RMFm0203RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	15.9704
	8100.889578

	RMFm0205RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	15.9704
	8079.680886

	RMFm0275RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	28.4024
	27202.76783

	RMFm0285RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	31.7028
	15896.03754

	RMFm0296RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	19.7794
	6860.900257

	RMFm0303RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	18.5703
	6213.64095

	RMFm0305RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	18.5703
	6199.063265

	RMFm0375RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	25.7783
	29876.79192

	RMFm0385RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	29.341
	16534.70978

	RMFm0396RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	18.3906
	5958.536009

	RMFm0403RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	18.0018
	6510.15295

	RMFm0405RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	18.0018
	6494.815417

	RMFm0475RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	24.8335
	28704.29765

	RMFm0485RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	28.3657
	16093.79048

	RMFm0496RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	17.7852
	6257.864902

	RMFm0503RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	19.602
	5480.974026

	RMFm0505RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	19.602
	5468.232726

	RMFm0575RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	27.6571
	29947.93759

	RMFm0585RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	31.0303
	15606.25496

	RMFm0596RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	19.3803
	5250.006988

	RMFm1103RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	18.5644
	8541.833164

	RMFm1105RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	18.5644
	8519.685834

	RMFm1175RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	35.3978
	29729.76267

	RMFm1185RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	34.2475
	15476.27401

	RMFm1196RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	20.8228
	7612.898971

	RMFm1203RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	17.5349
	7921.233261

	RMFm1205RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	17.5349
	7900.4018

	RMFm1275RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	33.337
	27803.52472

	RMFm1285RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	32.5079
	14085.28298

	RMFm1296RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	19.6985
	6936.550996

	RMFm1303RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	17.6327
	8504.815456

	RMFm1305RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	17.6327
	8482.104539

	RMFm1375RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	33.4515
	30743.0993

	RMFm1385RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	32.6115
	15172.66343

	RMFm1396RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	19.7411
	7354.842922

	RMFm1603RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	18.5313
	17359.30646

	RMFm1605RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	18.5313
	17320.79842

	RMFm1675RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	25.9901
	52582.39062

	RMFm1685RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	29.341
	34937.79575

	RMFm1696RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	18.3516
	16916.41312

	 
	 
	 
	Average Base usage: 
	15108.27709

	RSFm0103RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	43.6502
	34377.32611

	RSFm0105RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	43.6502
	34284.61309

	RSFm0175RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	40.1768
	70721.61397

	RSFm0185RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	32
	37499.2

	RSFm0196RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	41.9312
	33044.04988

	RSFm0203RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	41.2924
	25726.19751

	RSFm0205RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	41.2924
	25660.46001

	RSFm0275RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	69.476
	54415.96538

	RSFm0285RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	51.5989
	26145.98821

	RSFm0296RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	68.5313
	25184.84156

	RSFm0303RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	60.4211
	17538.55354

	RSFm0305RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	60.4211
	17512.81415

	RSFm0375RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	56.2191
	42762.77732

	RSFm0385RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	42.5951
	18644.94015

	RSFm0396RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	58.1698
	16863.076

	RSFm0403RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	59.1753
	17081.83797

	RSFm0405RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	59.1753
	17060.06146

	RSFm0475RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	53.569
	40716.9398

	RSFm0485RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	42.0309
	18280.45731

	RSFm0496RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	56.9611
	16422.68259

	RSFm0503RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	66.3584
	16048.51361

	RSFm0505RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	66.3584
	16038.02898

	RSFm0575RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	61.4286
	43328.60158

	RSFm0585RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	47.1287
	16731.48969

	RSFm0596RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	63.75
	15448.155

	RSFm1103RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	49.8466
	24649.39293

	RSFm1105RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	49.8466
	24597.65216

	RSFm1175RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	72.0756
	48715.75389

	RSFm1185RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	68.9878
	30413.89252

	RSFm1196RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	59.0698
	22414.15375

	RSFm1203RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	46.1848
	23602.00308

	RSFm1205RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	46.1848
	23547.64357

	RSFm1275RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	67.0175
	46011.06568

	RSFm1285RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	64.3019
	28218.2458

	RSFm1296RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	55.0677
	21011.41134

	RSFm1303RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	47.7696
	17454.05645

	RSFm1305RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	47.7696
	17417.13055

	RSFm1375RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	67.6105
	35893.06224

	RSFm1385RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	66.0466
	20964.18154

	RSFm1396RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	56.7598
	15391.10089

	RSFm1603RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	67.5294
	58206.08845

	RSFm1605RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	67.5294
	58130.8607

	RSFm1675RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	65.7438
	106035.5453

	RSFm1685RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	48.946
	60841.83584

	RSFm1696RFC94
	D03-412
	Condensing 94 AFUE (1.06 HIR) Furnace
	64.8817
	56052.40362

	
	
	
	Average Base Usage
	31935.70367

	
	
	
	
	

	
	
	
	Scaling Factor:
	47.31%


Scaling Factor: 15,108.28/31,935.70 = 47.31%

3) The scaling factor is multiplied by the 2008 DEER savings value for the measure:

MF Therm Savings = (Scaling Factor) * (SF Therm Savings)
Example Calculation: For climate zone Z01, 94% AFUE furnace. 
SF Therm Savings = 48.46 therms/household/yr

MF Therm Savings = 0.4731 x 48.46 kWh/household/yr = 22.93 therms/household/yr
Section 3. Load Shapes 

Load Shapes XE "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 XE "Time-of-Use" \t "See TOU"  (TOU XE "TOU" ) load shape indicates what fraction occurs within five or six broad time-of-use periods, typically defined by a specific utility rate tariff.  Formally, a load shape is a set of fractions summing to unity, one fraction for each hour or for each TOU period.  Multiplying the measure load shape with the hourly avoided cost stream determines the average avoided cost per kWh for use in the life cycle cost analysis that determines a measure’s Total Resource Cost (TRC) benefit.

3.1 Base Case Load Shapes

The base case load shape would be expected to follow a typical residential space heating end use load shape.
3.2 Measure Load Shapes

For purposes of the net benefits estimates in the E3 calculator, what is required is the load shape XE "load shape"  that ideally represents the difference between the base equipment and the installed energy efficiency measure.  This difference load profile is what is called the Measure Load Shape and would be the preferred load shape for use in the net benefits calculations.  

The measure load shape for this measure is determined by the E3 calculator based on the applicable residential market sector and the space heating end-use. 
Section 4. Base Case & Measure Costs

The 2005 DEER Measure Cost Data Users Guide XE "DEER Measure Cost Data Users Guide" , version 2.01, defines the following terms:

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

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

Gas furnaces are suitable for RET and ROB.  
4.1 Base Case(s) Costs

Base case cost for 94 AFUE furnace was derived from DEER 2008, the cost for this measure is $8.66 per mBtuh, which was converted to a per furnace basis using the per number common units in mBtuh furnace size, the base case cost ranges from $344.69 to $598.35 depending on the size of the furnace as well as using the RASS data showing on table 1 of this report.
There is no DEER XE "DEER"  data available for furnace with VSM measure. The costs estimates were based on a survey XE "benchmarking"  of equipment performed among two HVAC installers, looking at 5 different air handler models in total, to assess the true incremental cost of the measure to the customer. See appendix for detailed cost data. 

The cost of a single speed, 3-ton air handler was averaged over the 2 manufacturers and was estimated at $1,460.   
4.2 Measure Costs

Similarly to base case costs, DEER 20085 provides the cost of a gas furnace per mBtuh of furnace capacity.  Measure costs was converted to a per furnace basis using the per number common units in mBtuh and the RASS data showing on table 1 of this report.  

Using the same method as for the base case costs for gas furnace with VSM, we estimated the cost of a variable speed motor, 3-ton air handler at an average $1,800. This is an installed cost for the whole air handler.  The total cost for a furnace installed in conjunction with the air handler with VSM is estimated up to $3,327.  The costs are summarized in the following table.

Table 4: Measure Cost
	Measure
	Building Type
	Climate Zone
	Measure Cost
	Labor Cost
	Total Cost

	High Efficiency Furnace 94 AFUE (1.06 HIR)
	SFM
	Z01
	$647.19
	$232.45
	$879.63

	High Efficiency Furnace 94 AFUE (1.06 HIR)
	SFM
	Z02
	$1,025.04
	$368.16
	$1,393.19

	High Efficiency Furnace 94 AFUE (1.06 HIR)
	SFM
	Z03
	$885.71
	$318.11
	$1,203.82

	High Efficiency Furnace 94 AFUE (1.06 HIR)
	SFM
	Z04
	$853.81
	$306.66
	$1,160.47

	High Efficiency Furnace 94 AFUE (1.06 HIR)
	SFM
	Z05
	$959.61
	$344.66
	$1,304.27

	High Efficiency Furnace 94 AFUE (1.06 HIR)
	SFM
	Z11
	$1,123.46
	$403.51
	$1,526.97

	High Efficiency Furnace 94 AFUE (1.06 HIR)
	SFM
	Z12
	$1,054.01
	$378.56
	$1,432.57

	High Efficiency Furnace 94 AFUE (1.06 HIR)
	SFM
	Z13
	$1,069.96
	$384.29
	$1,454.26

	High Efficiency Furnace 94 AFUE (1.06 HIR)
	SFM
	Z16
	$967.21
	$347.39
	$1,314.60

	High Efficiency Furnace 94 AFUE (1.06 HIR)
	DMO
	Z01
	$894.77
	$321.37
	$1,216.14

	High Efficiency Furnace 94 AFUE (1.06 HIR)
	DMO
	Z02
	$895.56
	$321.65
	$1,217.21

	High Efficiency Furnace 94 AFUE (1.06 HIR)
	DMO
	Z03
	$895.20
	$321.53
	$1,216.73

	High Efficiency Furnace 94 AFUE (1.06 HIR)
	DMO
	Z04
	$895.08
	$321.48
	$1,216.56

	High Efficiency Furnace 94 AFUE (1.06 HIR)
	DMO
	Z05
	$894.97
	$321.44
	$1,216.41

	High Efficiency Furnace 94 AFUE (1.06 HIR)
	DMO
	Z11
	$895.21
	$321.53
	$1,216.74

	High Efficiency Furnace 94 AFUE (1.06 HIR)
	DMO
	Z12
	$895.79
	$321.73
	$1,217.52

	High Efficiency Furnace 94 AFUE (1.06 HIR)
	DMO
	Z13
	$894.73
	$321.35
	$1,216.08

	High Efficiency Furnace 94 AFUE (1.06 HIR)
	DMO
	Z16
	$894.34
	$321.21
	$1,215.55

	High Efficiency Furnace 94 AFUE (1.06 HIR) w/VSM
	SFM
	Z11
	$3,326.97
	
	$3,326.97

	High Efficiency Furnace 94 AFUE (1.06 HIR) w/VSM
	SFM
	Z12
	$3,232.57
	
	$3,232.57

	High Efficiency Furnace 94 AFUE (1.06 HIR) w/VSM
	SFM
	Z13
	$3,254.26
	
	$3,254.26

	High Efficiency Furnace 94 AFUE (1.06 HIR) w/VSM
	DMO
	Z11
	$3,123.54
	
	$3,123.54

	High Efficiency Furnace 94 AFUE (1.06 HIR) w/VSM
	DMO
	Z12
	$3,124.40
	
	$3,124.40

	High Efficiency Furnace 94 AFUE (1.06 HIR) w/VSM
	DMO
	Z13
	$3,122.83
	
	$3,122.83

	High Efficiency Furnace 94 AFUE (1.06 HIR) w/VSM
	MFM
	Z11
	$3,326.97
	
	$3,326.97

	High Efficiency Furnace 94 AFUE (1.06 HIR) w/VSM
	MFM
	Z12
	$3,232.57
	
	$3,232.57

	High Efficiency Furnace 94 AFUE (1.06 HIR) w/VSM
	MFM
	Z13
	$3,254.26
	
	$3,254.26

	High Efficiency Furnace 94 AFUE (1.06 HIR) w/VSM
	OTR
	Z11
	$3,123.54
	
	$3,123.54

	High Efficiency Furnace 94 AFUE (1.06 HIR) w/VSM
	OTR
	Z12
	$3,124.40
	
	$3,124.40

	High Efficiency Furnace 94 AFUE (1.06 HIR) w/VSM
	OTR
	Z13
	$3,122.83
	
	$3,122.83


4.3 Incremental & Full Measure Costs

Similarly to base case costs, DEER 2008 provides the cost of this measure per mBtuh of furnace capacity.  Incremental Measure costs was converted to a per furnace basis using the per number common units in mBtuh and the RASS data showing on table 1 of this report.  


Furnace with VSM does not appear on the DEER 2008 database, however the IMC for this measure was found to be $340.  The costs are summarized in the following table.

Table 5: Incremental Measure Cost
	Measure
	Building Type
	Climate Zone
	Incremental Cost

	High Efficiency Furnace 94 AFUE (1.06 HIR) 
	SFM
	Z01
	$302.50

	High Efficiency Furnace 94 AFUE (1.06 HIR) 
	SFM
	Z02
	$479.11

	High Efficiency Furnace 94 AFUE (1.06 HIR) 
	SFM
	Z03
	$413.98

	High Efficiency Furnace 94 AFUE (1.06 HIR) 
	SFM
	Z04
	$399.08

	High Efficiency Furnace 94 AFUE (1.06 HIR) 
	SFM
	Z05
	$448.53

	High Efficiency Furnace 94 AFUE (1.06 HIR) 
	SFM
	Z11
	$525.11

	High Efficiency Furnace 94 AFUE (1.06 HIR) 
	SFM
	Z12
	$492.65

	High Efficiency Furnace 94 AFUE (1.06 HIR) 
	SFM
	Z13
	$500.11

	High Efficiency Furnace 94 AFUE (1.06 HIR) 
	SFM
	Z16
	$452.08

	High Efficiency Furnace 94 AFUE (1.06 HIR) 
	DMO
	Z01
	$524.98

	High Efficiency Furnace 94 AFUE (1.06 HIR) 
	DMO
	Z02
	$525.44

	High Efficiency Furnace 94 AFUE (1.06 HIR) 
	DMO
	Z03
	$525.23

	High Efficiency Furnace 94 AFUE (1.06 HIR) 
	DMO
	Z04
	$525.16

	High Efficiency Furnace 94 AFUE (1.06 HIR) 
	DMO
	Z05
	$525.09

	High Efficiency Furnace 94 AFUE (1.06 HIR) 
	DMO
	Z11
	$525.23

	High Efficiency Furnace 94 AFUE (1.06 HIR) 
	DMO
	Z12
	$525.57

	High Efficiency Furnace 94 AFUE (1.06 HIR) 
	DMO
	Z13
	$524.95

	High Efficiency Furnace 94 AFUE (1.06 HIR) 
	DMO
	Z16
	$524.72

	High Efficiency Furnace 94 AFUE (1.06 HIR) w/VSM
	SFM
	Z11
	$865.11

	High Efficiency Furnace 94 AFUE (1.06 HIR) w/VSM
	SFM
	Z12
	$832.65

	High Efficiency Furnace 94 AFUE (1.06 HIR) w/VSM
	SFM
	Z13
	$840.11

	High Efficiency Furnace 94 AFUE (1.06 HIR) w/VSM
	DMO
	Z11
	$865.23

	High Efficiency Furnace 94 AFUE (1.06 HIR) w/VSM
	DMO
	Z12
	$865.57

	High Efficiency Furnace 94 AFUE (1.06 HIR) w/VSM
	DMO
	Z13
	$864.95


Index 



benchmarking
13

California Statewide Residential Lighting and Appliance Efficiency Saturation Study
17

DEER
13
DEER Measure Cost Data Users Guide
12

efficiency
2, 5, 6

ENERGY STAR
1

load shape
12

Load Shapes
12

NEMA
6, 17

Replace on Burnout
13

Residential Appliance Saturation Survey
1, 17

Retrofit
13

thermostat control
2

Time-of-Use
See TOU

Title 20
i, 3, 4, 17

TOU
12

Variable Frequency Drive
5



References
� “California Statewide Residential Appliance Saturation Survey� XE "Residential Appliance Saturation Survey" � (RASS), ” prepared by KEMA, June 2004, page 4.  �HYPERLINK http://websafe.kemainc.com/RASSWEB/uploads/RASS-ExecSummary-FINAL.pdf ��http://websafe.kemainc.com/RASSWEB/uploads/RASS-ExecSummary-FINAL.pdf�





�  “California Residential Efficiency Market Share Tracking, HVAC 2005.” Prepared for Southern California Edison, page 5-1, by Itron, Inc.  





� “2005 California Statewide Residential Lighting and Appliance Efficiency Saturation Study� XE "California Statewide Residential Lighting and Appliance Efficiency Saturation Study" �,” prepared by RLW Analytics, Final Report.  August 23, 2005.  http://www.calresest.com/docs/2005CLASSREPORT.pdf





� Variable Speed, Low Cost Motor for Use in Residential HVAC Systems – Department of Energy, September 2002 - � HYPERLINK "http://www1.eere.energy.gov/inventions/pdfs/dynamotors.pdf" ��http://www1.eere.energy.gov/inventions/pdfs/dynamotors.pdf�


� EMBED AcroExch.Document.7  ��� 


� Itron, Inc.  “2008 Database for Energy Efficiency Resources”, Version 2008.2.05, December 16, 2008.  � HYPERLINK "http://www.deeresources.com/" ��http://www.deeresources.com/�





� Itron, Inc.  “2004-2005 Database for Energy Efficiency Resources (DEER) Update Study, Final Report”, December 2005.





� Temperature BIN Simulation by kW Engineering.


� EMBED AcroExch.Document.7  ���


� Title 20� XE "Title 20" �. Table E-4. Page 87.  “2007 Appliance Efficiency Regulations,” prepared by the California Energy Commission, 2007.   





� 2001 ASHRAE Fundamentals Handbook – pages 27.8 and 27.9, Tables 1A – Heating and Wind Design Conditions, and 1B – Cooling and Dehumidification Design Conditions





� “California Energy Commission Guide to Preparing Feasibility Studies”, February, 2000.





� Energy Consumption Characteristics of Commercial Building HVAC Systems - Volume III: Energy Savings Potential, July, 2002. 





� Goodman Air Conditioning and Heating – Product specifications, Variable and Multiple-Speed Blowers – cooling capacity 1.5 to 5 tons





� California Statewide Residential Appliance Saturation Study, June 2004, pg 10-11 � HYPERLINK "http://www.energy.ca.gov/reports/400-04-009/2004-08-17_400-04-   009VOL2B.PDF" ��http://www.energy.ca.gov/reports/400-04-009/2004-08-17_400-04-   009VOL2B.PDF� 


� National Electrical Manufacturers Association (NEMA� XE "NEMA" �) Nominal Full Load Efficiencies





� Variable Speed, Low Cost Motor for Use in Residential HVAC Systems –


Department of Energy, September 2002 -


� HYPERLINK "http://www1.eere.energy.gov/inventions/pdfs/dynamotors.pdf" ��http://www1.eere.energy.gov/inventions/pdfs/dynamotors.pdf�








Date of Last Revision
PAGE  


March 16, 2010


_1269428422.unknown

_1306301241.unknown

_1330323879.unknown

_1330334579.pdf
2000-08e

PG&E Deemed Savings Catalog
PGECOHVC Variable Speed Motor and High-Efficiency Furnace
Parameters for simulations

[Base case parameters |

Fan kw 0.4

Motor hp 0.50

Motor Efficiency 72%
Supply Air Flow rate

(CFM) 500

Minimum OSA (CFM) 73
Air Changes per Hour

(ACH) 1.1

Minimum OSA 15%

Maximum OSA 15%
Minimum Supply Air

Flow 100%

Design SAT 55

Est Min SAT (F) 55
Estimated Max Zone

Load 100%

Avg RAT (F) 72.0

Balance Temp (F) 60

Econ N

[Measure parameters ]

VSM - Minimum airflow 40%)

Motor efficiency - ECM 79%|based on a 10% efficiency increase cited by DOE documen
(Energy Consumption Characteristics of Commercial Building HVAC Systems

Volume lIl: Energy Savings Potential)

Rated Full Load OSALO
kW/ton (F) Efficiency

OSALO
F)

Cooling 1.10 0 Heating 78%

120]

VSM and HighEff furnace on Air Handlers PGECOHVC107 Calcs 091117.xIs / Calcs parameters

Copyright (c) 2010 by kW Engineering. All rights reserved.
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2000-08e BY: NFM QC: SRH

PG&E Deemed Savings Catalog
PGECOHVC Variable Speed Motor and High-Efficiency Furnace
Savings Summary

Ventilation savings Heating Savings
(kWhlyr) (Thermslyr)
AFUE 94 |CZ11 318.4 46.0
CZ12 289.2 48.0
CZ13 285.2 38.0
AFUE 96 |CZ11 318.4 47.0
CZz12 289.2 50.0
CZ13 285.2 39.0

VSM and HighEff furnace on Air Handlers PGECOHVC107 Calcs 091117 .xls / Savings
Copyright (c) 2010 by kW Engineering. All rights reserved. Page 2 of 18





2000-08e

PG&E Deemed Catalog
PGECOHVC Variable Speed Motor and High-Efficiency Furnace
Single Zone Packaged Unit (Constant Volume)

BY: NFM QC: SRH

Simulated Units: [Constant Volume Air Handler

Operating Schedule: |

CZ11, base case

Simulation Specific Notes: AFUE 78, constant speed fan

See notes below for description of the equations used in the simulation.

Single Zone Simulation (Constant Volume)

Supply Air Minimum
Flow rate Minimum Minimu Supply Air Est Min SAT|Estimated Max| Motor
Fan kw (CFM) OSA  mOSA Maximum OSA Flow Design SAT (F) Zone Load Efficiency
Supply Air 0.4 500 73 15% 15% 100% 55 55 100%) 72%
Avg RAT  Balance Design Clg
(F) Temp (F) Econ Design Htg Temp (F)  Temp (F)
72.0 60 29 105)
Rated Full
Load OSALO
kWiton (F) AFUE 0SA LO (F)
Cooling 1.10 0| Heating 78% 120
Coil load
Heating Cooling (heatg / coolg
OSA Temp load Cooling load - as % of Cooling Cooling Cooling
(F) Hourslyr % OSA MAT (F) SAT (F) Heating (kBtu/yr) (kBtuh) (kBtulyr) (kBtuh) design) Fan runtime  kW/ton kw kWh Fan kW Fan kwh
107 15% 77.1 55.0 - - 12 12 100% 100% 1.10 1.0 1 0.4 0
102 17 15% 76.4 56.1 - - 186 11 91% 91% 1.10 1.0 17 0.4 6
97 65 15% 75.7 58.0 - - 621 10 80% 80% 1.10 0.9 57 0.4 21
92 151 15% 74.9 59.9 - - 1,223 8 67% 67% 1.10 0.7 112 0.4 42
87 176 15% 742 61.8 - - 1,178 7 56% 56% 1.10 0.6 108 0.4 41
82 222 15% 735 63.7 - - 1,175 5 44% 44% 1.10 0.5 108 0.4 41
7 250 15% 727 65.6 - - 959 4 32% 32% 1.10 0.4 88 0.4 33
72 337 15% 72.0 67.5 - - 819 2 20% 20% 1.10 0.2 75 0.4 28
67 391 15% 713 69.4 - - 401 1 9% 9% 1.10 0.1 37 0.4 14
62 438 15% 70.5 71.3 189 0.43 - - 4% 4% 1.10 - - 0.4 8
57 513 15% 69.8 731 914 1.78 - - 17% 17% 1.10 - - 0.4 37
52 521 15% 69.1 75.0 1,660 3.19 - - 31% 31% 1.10 - - 0.4 67
47 515 15% 68.3 76.9 2,392 4.64 - - 45% 45% 1.10 - - 0.4 96
42 302 15% 67.6 78.8 1,826 6.05 - - 59% 59% 1.10 - - 0.4 73
37 171 15% 66.9 80.7 1,274 7.45 - - 2% 2% 1.10 - - 0.4 51
32 a7 15% 66.1 82.6 419 8.91 - - 86% 86% 1.10 - - 0.4 17
27 3 15% 65.4 84.5 31 10.33 - - 100% 100% 1.10 - - 0.4 1
22 - 15% 64.7 86.4 - - - - 0% 0% 1.10 - - - -
17 - 15% 63.9 88.3 - - - - 0% 0% 1.10 - - - -
12 - 15% 63.2 90.2 - - - - 0% 0% 1.10 - - - -
| TOTAL 4,120 8,705 6,574 1.0 603 0.4 576
COOLING 603 kWh
HEATING 112 Therms
VENTILATION 576 kWh 1,179
PEAK COOLING kW 1.0 kw
PEAK VENT kW 0.4 kw
VSM and HighEff furnace on Air Handlers PGECOHVC107 Calcs 091117.xIs / CZ11 AFUE 94
Copyright (c) 2010 by kW Engineering. All rights reserved. Page 3 of 18





2000-08e

PG&E Deemed Catalog

PGECOHVC Variable Speed Motor and High-Efficiency Furnace
Single Zone Packaged Unit (Variable Air Volume)

BY: NFM QC: SRH

Simulated Units:

[Air Handler with Variable Speed Motor

Operating Schedule: |

Simulation Specifc Notes:

CZ11, proposed case

AFUE 94, VSM fan

VAV Single Zone Simulation

See notes below for description of the equations used in the simulation.

Supply Air Minimum
Flow rate Minimum Minimu Supply Air Est Min SAT|Estimated Max| Motor
Fan kw (CFM) OSA mOSA Maximum OSA Flow Design SAT (F) Zone Load Efficiency
Supply Air 0.4 500 73 15% 15% 40% 55.0) 55.0 100%) 79%|
Avg RAT  Balance Design Clg
(F) Temp (F) Econ Design Htg Temp (F)  Temp (F) Fan Control
72.0 60 29 105| VFD
OSALO
kWi/ton (F) Efficiency OSALO (F)
Cooling 1.10 0| Heating 94% 120
Fan Curve Coefficients (a,b,c, min) 0.21976 -0.8748 1.6525947 10%
[&Y]
OSA Temp Equiv Heating Cooling Cooling Cooling
(F) Hourslyr % OSA MAT (F) SAT (F) SAT (F) % CFM (kBtu/yr)  (kBtulyr) kWi/ton Cooling kW kWh Fan kW Fan kwh
107 1 15% 77.1 55.0 55.0 100% - 12 1.10 1.0 1 0.4 0
102 17 15% 76.4 56.1 55.0 94% - 184 1.10 1.0 17 0.3 5
97 65 15% 75.7 58.0 55.0 82% - 598 1.10 0.8 55 0.2 15
92 151 15% 74.9 59.9 55.0 71% - 1,155 1.10 0.7 106 0.2 25
87 176 15% 742 61.8 55.0 60% - 1,095 1.10 0.6 100 0.1 19
82 222 15% 73.5 63.7 55.0 49% - 1,083 1.10 0.4 99 0.1 16
7 250 15% 727 65.6 56.0 40% - 902 1.10 0.3 83 0.1 13
72 337 15% 72.0 67.5 60.7 40% - 823 1.10 0.2 75 0.1 17
67 391 15% 71.3 69.4 65.5 40% - 490 1.10 0.1 45 0.1 20
62 438 15% 70.5 71.2 70.0 40% - a7 1.10 0.0 4 0.1 22
57 513 15% 69.8 731 747 41% 553 - 1.10 - - 0.1 27
52 521 15% 69.1 75.0 79.5 40% 1,170 - 1.10 - - 0.1 26
47 515 15% 68.3 76.9 84.2 40% 1,776 - 1.10 - - 0.1 26
42 302 15% 67.6 78.8 89.0 40% 1,396 - 1.10 - - 0.1 15
37 171 15% 66.9 80.7 93.7 40% 992 - 1.10 - - 0.1 9
32 47 15% 66.1 82.6 98.5 40% 329 - 1.10 - - 0.1 2
27 3 15% 65.4 845 103.2 40% 25 - 1.10 - - 0.1 0
22 0 15% 64.7 86.4 108.0 40% - - 1.10 - - - -
17 0 15% 63.9 88.2 1125 40% - - 1.10 - - - -
12 0 15% 63.2 90.1 117.2 40% - - 1.10 - - - -
| TOTAL 4,120 6,241 6,389 1.0 585 0.4 258|
SAVINGS
COOLING 585 kwWh COOLING 18 kWh
HEATING 66 Therms HEATING 46 Therms
VENTILATION 258 kWh VENTILATION 318 kwh
PEAK COOLING kW 1.0 kw PEAK COOLING kW 0.00 kW
PEAK VENT kW 0.4 kW PEAK VENT kW 0.04 kW

VSM and HighEff furnace on Air Handlers PGECOHVC107 Calcs 091117.xIs / CZ11 AFUE 94
Copyright (c) 2010 by kW Engineering. All rights reserved.
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2000-08e

PG&E Deemed Catalog
PGECOHVC Variable Speed Motor and High-Efficiency Furnace
Single Zone Packaged Unit (Constant Volume)

BY: NFM QC: SRH

Simulated Units: [Constant Volume Air Handler

Operating Schedule: |

CZ11, base case

Simulation Specific Notes: AFUE 78, constant speed fan

See notes below for description of the equations used in the simulation.

Single Zone Simulation (Constant Volume)

Supply Air Minimum
Flow rate Minimum Minimu Supply Air Est Min SAT|Estimated Max| Motor
Fan kw (CFM) OSA  mOSA Maximum OSA Flow Design SAT (F) Zone Load Efficiency
Supply Air 0.4 500 73 15% 15% 100% 55 55 100%) 72%
Avg RAT  Balance Design Clg
(F) Temp (F) Econ Design Htg Temp (F)  Temp (F)
72.0 60 29 105)
Rated Full
Load OSALO
kWiton (F) AFUE 0SA LO (F)
Cooling 1.10 0| Heating 78% 120
Coil load
Heating Cooling (heatg / coolg
OSA Temp load Cooling load - as % of Cooling Cooling Cooling
(F) Hourslyr % OSA MAT (F) SAT (F) Heating (kBtu/yr) (kBtuh) (kBtulyr) (kBtuh) design) Fan runtime  kW/ton kw kWh Fan kW Fan kwh
107 15% 77.1 55.0 - - 12 12 100% 100% 1.10 1.0 1 0.4 0
102 17 15% 76.4 56.1 - - 186 11 91% 91% 1.10 1.0 17 0.4 6
97 65 15% 75.7 58.0 - - 621 10 80% 80% 1.10 0.9 57 0.4 21
92 151 15% 74.9 59.9 - - 1,223 8 67% 67% 1.10 0.7 112 0.4 42
87 176 15% 742 61.8 - - 1,178 7 56% 56% 1.10 0.6 108 0.4 41
82 222 15% 735 63.7 - - 1,175 5 44% 44% 1.10 0.5 108 0.4 41
7 250 15% 727 65.6 - - 959 4 32% 32% 1.10 0.4 88 0.4 33
72 337 15% 72.0 67.5 - - 819 2 20% 20% 1.10 0.2 75 0.4 28
67 391 15% 713 69.4 - - 401 1 9% 9% 1.10 0.1 37 0.4 14
62 438 15% 70.5 71.3 189 0.43 - - 4% 4% 1.10 - - 0.4 8
57 513 15% 69.8 731 914 1.78 - - 17% 17% 1.10 - - 0.4 37
52 521 15% 69.1 75.0 1,660 3.19 - - 31% 31% 1.10 - - 0.4 67
47 515 15% 68.3 76.9 2,392 4.64 - - 45% 45% 1.10 - - 0.4 96
42 302 15% 67.6 78.8 1,826 6.05 - - 59% 59% 1.10 - - 0.4 73
37 171 15% 66.9 80.7 1,274 7.45 - - 2% 2% 1.10 - - 0.4 51
32 a7 15% 66.1 82.6 419 8.91 - - 86% 86% 1.10 - - 0.4 17
27 3 15% 65.4 84.5 31 10.33 - - 100% 100% 1.10 - - 0.4 1
22 - 15% 64.7 86.4 - - - - 0% 0% 1.10 - - - -
17 - 15% 63.9 88.3 - - - - 0% 0% 1.10 - - - -
12 - 15% 63.2 90.2 - - - - 0% 0% 1.10 - - - -
| TOTAL 4,120 8,705 6,574 1.0 603 0.4 576
COOLING 603 kWh
HEATING 112 Therms
VENTILATION 576 kWh 1,179
PEAK COOLING kW 1.0 kw
PEAK VENT kW 0.4 kw
VSM and HighEff furnace on Air Handlers PGECOHVC107 Calcs 091117.xIs / CZ11 AFUE 96
Copyright (c) 2010 by kW Engineering. All rights reserved. Page 5 of 18





2000-08e

PG&E Deemed Catalog

PGECOHVC Variable Speed Motor and High-Efficiency Furnace
Single Zone Packaged Unit (Variable Air Volume)

BY: NFM QC: SRH

Simulated Units:

[Air Handler with Variable Speed Motor

Operating Schedule: |

Simulation Specifc Notes:

CZ11, proposed case

AFUE 96, VSM fan

VAV Single Zone Simulation

See notes below for description of the equations used in the simulation.

Supply Air Minimum
Flow rate Minimum Minimu Supply Air Est Min SAT|Estimated Max| Motor
Fan kw (CFM) OSA mOSA Maximum OSA Flow Design SAT (F) Zone Load Efficiency
Supply Air 0.4 500 73 15% 15% 40% 55.0) 55.0 100%) 79%|
Avg RAT  Balance Design Clg
(F) Temp (F) Econ Design Htg Temp (F)  Temp (F) Fan Control
72.0 60 29 105| VFD
OSALO
kWi/ton (F) Efficiency OSALO (F)
Cooling 1.10 0| Heating 96% 120
Fan Curve Coefficients (a,b,c, min) 0.21976 -0.8748 1.6525947 10%
[&Y]
OSA Temp Equiv Heating Cooling Cooling Cooling
(F) Hourslyr % OSA MAT (F) SAT (F) SAT (F) % CFM (kBtu/yr)  (kBtulyr) kWi/ton Cooling kW kWh Fan kW Fan kwh
107 1 15% 77.1 55.0 55.0 100% - 12 1.10 1.0 1 0.4 0
102 17 15% 76.4 56.1 55.0 94% - 184 1.10 1.0 17 0.3 5
97 65 15% 75.7 58.0 55.0 82% - 598 1.10 0.8 55 0.2 15
92 151 15% 74.9 59.9 55.0 71% - 1,155 1.10 0.7 106 0.2 25
87 176 15% 742 61.8 55.0 60% - 1,095 1.10 0.6 100 0.1 19
82 222 15% 73.5 63.7 55.0 49% - 1,083 1.10 0.4 99 0.1 16
7 250 15% 727 65.6 56.0 40% - 902 1.10 0.3 83 0.1 13
72 337 15% 72.0 67.5 60.7 40% - 823 1.10 0.2 75 0.1 17
67 391 15% 71.3 69.4 65.5 40% - 490 1.10 0.1 45 0.1 20
62 438 15% 70.5 71.2 70.0 40% - a7 1.10 0.0 4 0.1 22
57 513 15% 69.8 731 747 41% 553 - 1.10 - - 0.1 27
52 521 15% 69.1 75.0 79.5 40% 1,170 - 1.10 - - 0.1 26
47 515 15% 68.3 76.9 84.2 40% 1,776 - 1.10 - - 0.1 26
42 302 15% 67.6 78.8 89.0 40% 1,396 - 1.10 - - 0.1 15
37 171 15% 66.9 80.7 93.7 40% 992 - 1.10 - - 0.1 9
32 47 15% 66.1 82.6 98.5 40% 329 - 1.10 - - 0.1 2
27 3 15% 65.4 845 103.2 40% 25 - 1.10 - - 0.1 0
22 0 15% 64.7 86.4 108.0 40% - - 1.10 - - - -
17 0 15% 63.9 88.2 1125 40% - - 1.10 - - - -
12 0 15% 63.2 90.1 117.2 40% - - 1.10 - - - -
| TOTAL 4,120 6,241 6,389 1.0 585 0.4 258|
SAVINGS
COOLING 585 kwWh COOLING 18 kWh
HEATING 65 Therms HEATING 47 Therms
VENTILATION 258 kWh VENTILATION 318 kwh
PEAK COOLING kW 1.0 kw PEAK COOLING kW 0.0 kw
PEAK VENT kW 0.4 kW PEAK VENT kW 0.04 kW

VSM and HighEff furnace on Air Handlers PGECOHVC107 Calcs 091117.xIs / CZ11 AFUE 96
Copyright (c) 2010 by kW Engineering. All rights reserved.
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2000-08e

PG&E Deemed Catalog
PGECOHVC Variable Speed Motor and High-Efficiency Furnace
Single Zone Packaged Unit (Constant Volume)

BY: NFM QC: SRH

Simulated Units: [Constant Volume Air Handler
Operating Schedule: |
. . . CZ12, base case
Simulation Specific Notes: AFUE of 78, constant speed fan
See notes below for description of the equations used in the simulation.
Single Zone Simulation (Constant Volume)
Supply Air Minimum Estimated
Flow rate  Minimum Minimum Supply Air Design |Est Min SAT|Max Zone| Motor
Fan kW (CFM) OSA OSA Maximum OSA Flow SAT (F) Load Efficiency
Supply Air 0.4 500 73 15% 15% 100% 55 55 100% 72%
Avg RAT  Balance Design Clg
(F) Temp (F) Econ Design Htg Temp (F) Temp (F)
72.0 60 N 31 100
Rated Full
Load OSALO
kW/ton (F) Efficiency OSA LO (F)
Cooling 1.10 0 Heating 78% 120
Cooling
Heating Heating Cooling load
OSA load load (% of Cooling load (% of Cooling Cooling Cooling
Temp (F) Hourslyr % OSA  MAT (F) SAT (F) Heating (kBtu/yr) (kBtuh) design) (kBtu/yr)  (kBtuh) design)  kW/ton kw kWh Fan kW _Fan kwh
107 - 15% 77.1 55.0 - - 0% - - 0% 1.10 - - - -
102 15 15% 76.4 55.0 - - 0% 173 12 100% 1.10 11 16 0.4 6
97 34 15% 75.7 56.3 - - 0% 356 10 91% 1.10 1.0 33 0.4 13
92 74 15% 74.9 58.4 - - 0% 659 9 7% 1.10 0.8 60 0.4 24
87 119 15% 74.2 60.5 - - 0% 880 7 64% 1.10 0.7 81 0.4 32
82 176 15% 735 62.7 - - 0% 1,026 6 51% 1.10 0.5 94 0.4 37
77 208 15% 72.7 64.8 - - 0% 887 4 37% 1.10 0.4 81 0.4 32
72 290 15% 72.0 66.9 - - 0% 799 3 24% 1.10 0.3 73 0.4 29
67 391 15% 713 69.0 - - 0% 486 1 11% 1.10 0.1 45 0.4 17
62 536 15% 70.5 71.2 203 0.38 3% - - 0% 1.10 - - 0.4 8
57 689 15% 69.8 73.3 1,302 1.89 17% - - 0% 1.10 - - 0.4 49
52 615 15% 69.1 75.4 2,092 3.40 31% - - 0% 1.10 - - 0.4 79
47 520 15% 68.3 775 2,583 4.97 45% - - 0% 1.10 - - 0.4 97
42 313 15% 67.6 79.7 2,045 6.53 59% - - 0% 1.10 - - 0.4 77
37 106 15% 66.9 81.8 853 8.05 73% - - 0% 1.10 - - 0.4 32
32 30 15% 66.1 83.9 288 9.60 87% - - 0% 1.10 - - 0.4 11
27 3 15% 65.4 86.0 33 11.00 100% - - 0% 1.10 - - 0.4 1
22 - 15% 64.7 88.2 - - 0% - - 0% 1.10 - - - -
17 - 15% 63.9 90.3 - - 0% - - 0% 1.10 - - - -
12 - 15% 63.2 924 - - 0% - - 0% 1.10 - - - -
| TOTAL 4,119 9,399 5,266 1.1 483 0.4 543
COOLING 483 kWh
HEATING 121 Therms
VENTILATION 543 kWh 1,026
PEAK COOLING kw 1.1 kw
PEAK VENT kW 0.4 kW
VSM and HighEff furnace on Air Handlers PGECOHVC107 Calcs 091117.xIs / CZ12 AFUE 94
Copyright (c) 2010 by kW Engineering. All rights reserved. Page 7 of 18





2000-08e

PG&E Deemed Catalog

PGECOHVC Variable Speed Motor and High-Efficiency Furnace
Single Zone Packaged Unit (Variable Air Volume)

BY: NFM QC: SRH

Simulated Units: [Air Handler with Variable Speed Motor
Operating Schedule: |
. . . . |CZ12, proposed case
Simulation Specifc Notes: AFUE 94, VSM fan
See notes below for description of the equations used in the simulation.
VAV Single Zone Simulation
Supply Air Minimum Estimated
Flow rate  Minimum Minimum Supply Air Design |Est Min SAT|Max Zone| Motor
Fan kW (CFM) OSA OSA Maximum OSA Flow SAT (F) Load Efficiency
Supply Air 0.4 500 73 15% 15% 40% 55.0 55.0 100% 79%
Avg RAT  Balance Design Clg
(F) Temp (F) Econ Design Htg Temp (F) Temp (F) Fan Control
72.0 60 N 31 100 VFED
OSALO
kw/ton (F) Efficiency OSA LO (F)
Cooling 1.10 0 Heating 94% 120
Fan Curve Coefficients (a,b,c, min 0.21976 -0.8748 1.6525947 10%
Ccv
OSA Equiv Heating Cooling Cooling Cooling Cooling
Temp (F) Hours/lyr % OSA  MAT (F) SAT (F) SAT (F) % CFM (kBtu/yr)  (kBtulyr) kWwi/ton kw kwh Fan kW _Fan kwWh
107 0 15% 77.1 55.0 55.0 100% - - 1.10 - - - -
102 15 15% 76.4 55.0 55.0 100% - 173 1.10 11 16 0.4 6
97 34 15% 75.7 56.3 55.0 92% - 351 1.10 0.9 32 0.3 11
92 74 15% 74.9 58.4 55.0 80% - 636 1.10 0.8 58 0.2 16
87 119 15% 74.2 60.5 55.0 68% - 835 1.10 0.6 77 0.1 17
82 176 15% 735 62.7 55.0 55% - 962 1.10 0.5 88 0.1 16
77 208 15% 72.7 64.8 55.0 42% - 842 1.10 0.4 77 0.1 11
72 290 15% 72.0 66.9 59.2 40% - 802 1.10 0.3 74 0.1 15
67 391 15% 713 69.0 64.5 40% - 574 1.10 0.1 53 0.1 20
62 536 15% 70.5 71.2 70.0 40% - 58 1.10 0.0 5 0.1 27
57 689 15% 69.8 73.3 75.2 41% 816 - 1.10 - - 0.1 36
52 615 15% 69.1 75.4 80.5 40% 1,514 - 1.10 - - 0.1 31
47 520 15% 68.3 775 85.7 40% 1,961 - 1.10 - - 0.1 26
42 313 15% 67.6 79.7 91.2 40% 1,600 - 1.10 - - 0.1 16
37 106 15% 66.9 81.8 96.5 40% 678 - 1.10 - - 0.1 5
32 30 15% 66.1 83.9 101.7 40% 231 - 1.10 - - 0.1 2
27 3 15% 65.4 86.0 107.0 40% 27 - 1.10 - - 0.1 0
22 0 15% 64.7 88.2 1125 40% - - 1.10 - - - -
17 0 15% 63.9 90.3 117.7 40% - - 1.10 - - - -
12 0 15% 63.2 92.4 123.0 40% - - 1.10 - - - -
| TOTAL 4,119 6,827 5,233 1.1 480 0.4 254|
SAVINGS
COOLING 480 kwh COOLING 3 kWh
HEATING 73 Therms HEATING 48 Therms
VENTILATION 254 kWh VENTILATION 289 kWh
PEAK COOLING kW 1.1 kW PEAK COOLING kW 0.0 kw
PEAK VENT kW 0.4 kW PEAK VENT kW 0.04 kW

VSM and HighEff furnace on Air Handlers PGECOHVC107 Calcs 091117.xIs / CZ12 AFUE 94
Copyright (c) 2010 by kW Engineering. All rights reserved.
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2000-08e

PG&E Deemed Catalog
PGECOHVC Variable Speed Motor and High-Efficiency Furnace
Single Zone Packaged Unit (Constant Volume)

BY: NFM QC: SRH

Simulated Units: [Constant Volume Air Handler
Operating Schedule: |
. . . CZ12, base case
Simulation Specific Notes: AFUE 78, constant speed fan
See notes below for description of the equations used in the simulation.
Single Zone Simulation (Constant Volume)
Supply Air Minimum Estimated
Flow rate  Minimum Minimum Supply Air Design |Est Min SAT|Max Zone| Motor
Fan kW (CFM) OSA OSA Maximum OSA Flow SAT (F) Load Efficiency
Supply Air 0.4 500 73 15% 15% 100% 55 55 100% 72%
Avg RAT  Balance Design Clg
(F) Temp (F) Econ Design Htg Temp (F) Temp (F)
72.0 60 N 31 100
Rated Full
Load OSALO
kW/ton (F) Efficiency OSA LO (F)
Cooling 1.10 0 Heating 78% 120
Cooling
Heating Heating Cooling load
OSA load load (% of Cooling load (% of Cooling Cooling Cooling
Temp (F) Hourslyr % OSA  MAT (F) SAT (F) Heating (kBtu/yr) (kBtuh) design) (kBtu/yr)  (kBtuh) design)  kW/ton kw kWh Fan kW _Fan kwh
107 - 15% 77.1 55.0 - - 0% - - 0% 1.10 - - - -
102 15 15% 76.4 55.0 - - 0% 173 12 100% 1.10 11 16 0.4 6
97 34 15% 75.7 56.3 - - 0% 356 10 91% 1.10 1.0 33 0.4 13
92 74 15% 74.9 58.4 - - 0% 659 9 7% 1.10 0.8 60 0.4 24
87 119 15% 74.2 60.5 - - 0% 880 7 64% 1.10 0.7 81 0.4 32
82 176 15% 735 62.7 - - 0% 1,026 6 51% 1.10 0.5 94 0.4 37
77 208 15% 72.7 64.8 - - 0% 887 4 37% 1.10 0.4 81 0.4 32
72 290 15% 72.0 66.9 - - 0% 799 3 24% 1.10 0.3 73 0.4 29
67 391 15% 713 69.0 - - 0% 486 1 11% 1.10 0.1 45 0.4 17
62 536 15% 70.5 71.2 203 0.38 3% - - 0% 1.10 - - 0.4 8
57 689 15% 69.8 73.3 1,302 1.89 17% - - 0% 1.10 - - 0.4 49
52 615 15% 69.1 75.4 2,092 3.40 31% - - 0% 1.10 - - 0.4 79
47 520 15% 68.3 775 2,583 4.97 45% - - 0% 1.10 - - 0.4 97
42 313 15% 67.6 79.7 2,045 6.53 59% - - 0% 1.10 - - 0.4 77
37 106 15% 66.9 81.8 853 8.05 73% - - 0% 1.10 - - 0.4 32
32 30 15% 66.1 83.9 288 9.60 87% - - 0% 1.10 - - 0.4 11
27 3 15% 65.4 86.0 33 11.00 100% - - 0% 1.10 - - 0.4 1
22 - 15% 64.7 88.2 - - 0% - - 0% 1.10 - - - -
17 - 15% 63.9 90.3 - - 0% - - 0% 1.10 - - - -
12 - 15% 63.2 924 - - 0% - - 0% 1.10 - - - -
| TOTAL 4,119 9,399 5,266 1.1 483 0.4 543
COOLING 483 kWh
HEATING 121 Therms
VENTILATION 543 kWh 1,026
PEAK COOLING kw 1.1 kw
PEAK VENT kW 0.4 kW
VSM and HighEff furnace on Air Handlers PGECOHVC107 Calcs 091117.xIs / CZ12 AFUE 96
Copyright (c) 2010 by kW Engineering. All rights reserved. Page 9 of 18





2000-08e

PG&E Deemed Catalog

PGECOHVC Variable Speed Motor and High-Efficiency Furnace
Single Zone Packaged Unit (Variable Air Volume)

BY: NFM QC: SRH

Simulated Units: [Air Handler with Variable Speed Motor
Operating Schedule: |
. . . . |CZ12, proposed case
Simulation Specifc Notes: AFUE 96, VSM fan
See notes below for description of the equations used in the simulation.
VAV Single Zone Simulation
Supply Air Minimum Estimated
Flow rate  Minimum Minimum Supply Air Design |Est Min SAT|Max Zone| Motor
Fan kW (CFM) OSA OSA Maximum OSA Flow SAT (F) Load Efficiency
Supply Air 0.4 500 73 15% 15% 40% 55.0 55.0 100% 79%
Avg RAT  Balance Design Clg
(F) Temp (F) Econ Design Htg Temp (F) Temp (F) Fan Control
72.0 60 N 31 100 VFED
OSALO
kw/ton (F) Efficiency OSA LO (F)
Cooling 1.10 0 Heating 96% 120
Fan Curve Coefficients (a,b,c, min 0.21976 -0.8748 1.6525947 10%
Ccv
OSA Equiv Heating Cooling Cooling Cooling Cooling
Temp (F) Hours/lyr % OSA  MAT (F) SAT (F) SAT (F) % CFM (kBtu/yr)  (kBtulyr) kWwi/ton kw kwh Fan kW _Fan kwWh
107 0 15% 77.1 55.0 55.0 100% - - 1.10 - - - -
102 15 15% 76.4 55.0 55.0 100% - 173 1.10 11 16 0.4 6
97 34 15% 75.7 56.3 55.0 92% - 351 1.10 0.9 32 0.3 11
92 74 15% 74.9 58.4 55.0 80% - 636 1.10 0.8 58 0.2 16
87 119 15% 74.2 60.5 55.0 68% - 835 1.10 0.6 77 0.1 17
82 176 15% 735 62.7 55.0 55% - 962 1.10 0.5 88 0.1 16
77 208 15% 72.7 64.8 55.0 42% - 842 1.10 0.4 77 0.1 11
72 290 15% 72.0 66.9 59.2 40% - 802 1.10 0.3 74 0.1 15
67 391 15% 713 69.0 64.5 40% - 574 1.10 0.1 53 0.1 20
62 536 15% 70.5 71.2 70.0 40% - 58 1.10 0.0 5 0.1 27
57 689 15% 69.8 73.3 75.2 41% 816 - 1.10 - - 0.1 36
52 615 15% 69.1 75.4 80.5 40% 1,514 - 1.10 - - 0.1 31
47 520 15% 68.3 775 85.7 40% 1,961 - 1.10 - - 0.1 26
42 313 15% 67.6 79.7 91.2 40% 1,600 - 1.10 - - 0.1 16
37 106 15% 66.9 81.8 96.5 40% 678 - 1.10 - - 0.1 5
32 30 15% 66.1 83.9 101.7 40% 231 - 1.10 - - 0.1 2
27 3 15% 65.4 86.0 107.0 40% 27 - 1.10 - - 0.1 0
22 0 15% 64.7 88.2 1125 40% - - 1.10 - - - -
17 0 15% 63.9 90.3 117.7 40% - - 1.10 - - - -
12 0 15% 63.2 92.4 123.0 40% - - 1.10 - - - -
| TOTAL 4,119 6,827 5,233 1.1 480 0.4 254|
SAVINGS
COOLING 480 kwh COOLING 3 kWh
HEATING 71 Therms HEATING 50 Therms
VENTILATION 254 kWh VENTILATION 289 kWh
PEAK COOLING kW 1.1 kW PEAK COOLING kW 0.0 kw
PEAK VENT kW 0.4 kW PEAK VENT kW 0.04 kW

VSM and HighEff furnace on Air Handlers PGECOHVC107 Calcs 091117.xIs / CZ12 AFUE 96
Copyright (c) 2010 by kW Engineering. All rights reserved.
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2000-08e

PG&E Deemed Catalog
PGECOHVC Variable Speed Motor and High-Efficiency Furnace
Single Zone Packaged Unit (Constant Volume)

BY: NFM QC: SRH

Simulated Units: [Constant Volume Air Handler
Operating Schedule: |
. . . CZ13, Base Case
Simulation Specific Notes: AFUE of 78, constant speed fan
See notes below for description of the equations used in the simulation.
Single Zone Simulation (Constant Volume)
Supply Air Minimum Estimated
Flow rate  Minimum Minimum Supply Air Design |Est Min SAT|Max Zone| Motor
Fan kW (CFM) OSA OSA Maximum OSA Flow SAT (F) Load Efficiency
Supply Air 0.4 500 73 15% 15% 100% 55 55 100% 72%
Avg RAT  Balance Design Clg
(F) Temp (F) Econ Design Htg Temp (F) Temp (F)
72.0 60 N 30 103
Rated Full
Load OSALO
kW/ton (F) Efficiency OSA LO (F)
Cooling 1.10 0 Heating 78% 120
Cooling
Heating Heating Cooling load
OSA load load (% of Cooling load (% of Cooling Cooling Cooling
Temp (F) Hourslyr % OSA  MAT (F) SAT (F) Heating (kBtu/yr) (kBtuh) design) (kBtu/yr)  (kBtuh) design)  kW/ton kw kWh Fan kW _Fan kwWh
107 2 15% 77.1 55.0 - - 0% 24 12 100% 1.10 1.0 2 0.4 1
102 a7 15% 76.4 55.4 - - 0% 533 11 95% 1.10 1.0 49 0.4 18
97 109 15% 75.7 57.4 - - 0% 1,077 10 82% 1.10 0.9 99 0.4 37
92 176 15% 74.9 59.4 - - 0% 1,473 8 70% 1.10 0.8 135 0.4 51
87 219 15% 74.2 61.3 - - 0% 1,526 7 58% 1.10 0.6 140 0.4 53
82 290 15% 735 63.3 - - 0% 1,597 6 46% 1.10 0.5 146 0.4 55
77 320 15% 72.7 65.3 - - 0% 1,279 4 33% 1.10 0.4 117 0.4 44
72 359 15% 72.0 67.3 - - 0% 911 3 21% 1.10 0.2 84 0.4 31
67 385 15% 713 69.2 - - 0% 437 1 9% 1.10 0.1 40 0.4 15
62 443 15% 70.5 71.2 167 0.38 3% - - 0% 1.10 - - 0.4 6
57 502 15% 69.8 73.2 922 1.84 17% - - 0% 1.10 - - 0.4 35
52 503 15% 69.1 75.2 1,657 3.29 30% - - 0% 1.10 - - 0.4 62
47 378 15% 68.3 77.2 1,817 4.81 44% - - 0% 1.10 - - 0.4 68
42 237 15% 67.6 79.1 1,472 6.21 56% - - 0% 1.10 - - 0.4 55
37 122 15% 66.9 81.1 935 7.66 70% - - 0% 1.10 - - 0.4 35
32 27 15% 66.1 83.1 248 9.19 84% - - 0% 1.10 - - 0.4 9
27 1 15% 65.4 85.1 11 11.00 100% - - 0% 1.10 - - 0.4 0
22 - 15% 64.7 87.0 - - 0% - - 0% 1.10 - - - -
17 - 15% 63.9 89.0 - - 0% - - 0% 1.10 - - - -
12 - 15% 63.2 91.0 - - 0% - - 0% 1.10 - - - -
| TOTAL 4,120 7,229 8,857 1.0 812 0.4 578
COOLING 812 kWh
HEATING 93 Therms
VENTILATION 578 kWh 1,390
PEAK COOLING kw 1.0 kw
PEAK VENT kW 0.4 kW

VSM and HighEff furnace on Air Handlers PGECOHVC107 Calcs 091117.xIs / CZ13 AFUE 94
Copyright (c) 2010 by kW Engineering. All rights reserved.
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2000-08e

PG&E Deemed Catalog

PGECOHVC Variable Speed Motor and High-Efficiency Furnace
Single Zone Packaged Unit (Variable Air Volume)

BY: NFM QC: SRH

Simulated Units: [Air Handler with Variable Speed Motor

Operating Schedule: |

Simulation Specifc Notes:

CZ13, proposed case
AFUE 94, VSM fan

VAV Single Zone Simulation

See notes below for description of the equations used in the simulation.

Supply Air Minimum Estimated
Flow rate  Minimum Minimum Supply Air Design |Est Min SAT|Max Zone| Motor
Fan kW (CFM) OSA OSA Maximum OSA Flow SAT (F) Load Efficiency
Supply Air 0.4 500 73 15% 15% 40% 55.0 55.0 100% 79%
Avg RAT  Balance Design Clg
(3] Temp (F) Econ Design Htg Temp (F) Temp (F) Fan Control
72.0 60 N 30 103 VFED
OSALO
kW/ton (F) Efficiency OSA LO (F)
Cooling 1.10 0 Heating 94% 120
Fan Curve Coefficients (a,b,c, min  0.21976 -0.8748 1.6525947 10%
Ccv
OSA Equiv Heating Cooling Cooling Cooling Cooling
Temp (F) Hours/lyr % OSA  MAT (F) SAT (F) SAT (F) % CFM (kBtu/yr)  (kBtulyr) kWi/ton kw kwh Fan kW _Fan kWh
107 2 15% 77.1 55.0 55.0 100% - 24 1.10 1.0 2 0.4 1
102 a7 15% 76.4 55.4 55.0 98% - 530 1.10 1.0 49 0.4 17
97 109 15% 75.7 57.4 55.0 86% - 1,046 1.10 0.9 96 0.3 28
92 176 15% 74.9 59.3 55.0 75% - 1,413 1.10 0.7 130 0.2 32
87 219 15% 74.2 61.3 55.0 63% - 1,429 1.10 0.6 131 0.1 27
82 290 15% 735 63.3 55.0 51% - 1,483 1.10 0.5 136 0.1 22
7 320 15% 72.7 65.3 55.2 40% - 1,210 1.10 0.3 111 0.1 16
72 359 15% 72.0 67.3 60.2 40% - 915 1.10 0.2 84 0.1 18
67 385 15% 713 69.2 65.0 40% - 524 1.10 0.1 48 0.1 19
62 443 15% 70.5 71.2 70.0 40% - 48 1.10 0.0 4 0.1 22
57 502 15% 69.8 73.2 75.0 40% 564 - 1.10 - - 0.1 25
52 503 15% 69.1 75.2 80.0 40% 1,184 - 1.10 - - 0.1 25
47 378 15% 68.3 77.1 84.7 40% 1,344 - 1.10 - - 0.1 19
42 237 15% 67.6 79.1 89.7 40% 1,135 - 1.10 - - 0.1 12
37 122 15% 66.9 81.1 94.7 40% 734 - 1.10 - - 0.1 6
32 27 15% 66.1 83.1 99.7 40% 196 - 1.10 - - 0.1 1
27 1 15% 65.4 85.0 104.5 40% 8 - 1.10 - - 0.1 0
22 0 15% 64.7 87.0 109.5 40% - - 1.10 - - - -
17 0 15% 63.9 89.0 114.5 40% - - 1.10 - - - -
12 0 15% 63.2 91.0 119.5 40% - - 1.10 - - - -
| TOTAL 4,120 5,165 8,622 1.0 791 0.4 293|
SAVINGS
COOLING 791 kWh COOLING 21 kWh
HEATING 55 Therms HEATING 38 Therms
VENTILATION 293 kWh VENTILATION 285 kWh
PEAK COOLING kW 1.0 kW PEAK COOLING kW 0.0 kw
PEAK VENT kW 0.4 kW PEAK VENT kW 0.04 kW

VSM and HighEff furnace on Air Handlers PGECOHVC107 Calcs 091117.xIs / CZ13 AFUE 94
Copyright (c) 2010 by kW Engineering. All rights reserved.
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2000-08e

PG&E Deemed Catalog
PGECOHVC Variable Speed Motor and High-Efficiency Furnace
Single Zone Packaged Unit (Constant Volume)

BY: NFM QC: SRH

Simulated Units: [Constant Volume Air Handler
Operating Schedule: |
. . . CZ13, Base Case
Simulation Specific Notes: AFUE of 78, constant speed fan
See notes below for description of the equations used in the simulation.
Single Zone Simulation (Constant Volume)
Supply Air Minimum Estimated
Flow rate  Minimum Minimum Supply Air Design |Est Min SAT|Max Zone| Motor
Fan kW (CFM) OSA OSA Maximum OSA Flow SAT (F) Load Efficiency
Supply Air 0.4 500 73 15% 15% 100% 55 55 100% 72%
Avg RAT  Balance Design Clg
(F) Temp (F) Econ Design Htg Temp (F) Temp (F)
72.0 60 N 30 103
Rated Full
Load OSALO
kW/ton (F) Efficiency OSA LO (F)
Cooling 1.10 0 Heating 78% 120
Cooling
Heating Heating Cooling load
OSA load load (% of Cooling load (% of Cooling Cooling Cooling
Temp (F) Hourslyr % OSA  MAT (F) SAT (F) Heating (kBtu/yr) (kBtuh) design) (kBtu/yr)  (kBtuh) design)  kW/ton kw kWh Fan kW _Fan kwWh
107 2 15% 77.1 55.0 - - 0% 24 12 100% 1.10 1.0 2 0.4 1
102 a7 15% 76.4 55.4 - - 0% 533 11 95% 1.10 1.0 49 0.4 18
97 109 15% 75.7 57.4 - - 0% 1,077 10 82% 1.10 0.9 99 0.4 37
92 176 15% 74.9 59.4 - - 0% 1,473 8 70% 1.10 0.8 135 0.4 51
87 219 15% 74.2 61.3 - - 0% 1,526 7 58% 1.10 0.6 140 0.4 53
82 290 15% 735 63.3 - - 0% 1,597 6 46% 1.10 0.5 146 0.4 55
77 320 15% 72.7 65.3 - - 0% 1,279 4 33% 1.10 0.4 117 0.4 44
72 359 15% 72.0 67.3 - - 0% 911 3 21% 1.10 0.2 84 0.4 31
67 385 15% 713 69.2 - - 0% 437 1 9% 1.10 0.1 40 0.4 15
62 443 15% 70.5 71.2 167 0.38 3% - - 0% 1.10 - - 0.4 6
57 502 15% 69.8 73.2 922 1.84 17% - - 0% 1.10 - - 0.4 35
52 503 15% 69.1 75.2 1,657 3.29 30% - - 0% 1.10 - - 0.4 62
47 378 15% 68.3 77.2 1,817 4.81 44% - - 0% 1.10 - - 0.4 68
42 237 15% 67.6 79.1 1,472 6.21 56% - - 0% 1.10 - - 0.4 55
37 122 15% 66.9 81.1 935 7.66 70% - - 0% 1.10 - - 0.4 35
32 27 15% 66.1 83.1 248 9.19 84% - - 0% 1.10 - - 0.4 9
27 1 15% 65.4 85.1 11 11.00 100% - - 0% 1.10 - - 0.4 0
22 - 15% 64.7 87.0 - - 0% - - 0% 1.10 - - - -
17 - 15% 63.9 89.0 - - 0% - - 0% 1.10 - - - -
12 - 15% 63.2 91.0 - - 0% - - 0% 1.10 - - - -
| TOTAL 4,120 7,229 8,857 1.0 812 0.4 578
COOLING 812 kWh
HEATING 93 Therms
VENTILATION 578 kWh 1,390
PEAK COOLING kw 1.0 kw
PEAK VENT kW 0.4 kW

VSM and HighEff furnace on Air Handlers PGECOHVC107 Calcs 091117.xIs / CZ13 AFUE 96
Copyright (c) 2010 by kW Engineering. All rights reserved.
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2000-08e

PG&E Deemed Catalog

PGECOHVC Variable Speed Motor and High-Efficiency Furnace
Single Zone Packaged Unit (Variable Air Volume)

BY: NFM QC: SRH

Simulated Units: [Air Handler with Variable Speed Motor

Operating Schedule: |

Simulation Specifc Notes:

CZ13, proposed case
AFUE 96, VSM fan

VAV Single Zone Simulation

See notes below for description of the equations used in the simulation.

Supply Air Minimum Estimated
Flow rate  Minimum Minimum Supply Air Design |Est Min SAT|Max Zone| Motor
Fan kW (CFM) OSA OSA Maximum OSA Flow SAT (F) Load Efficiency
Supply Air 0.4 500 73 15% 15% 40% 55.0 55.0 100% 79%
Avg RAT  Balance Design Clg
(3] Temp (F) Econ Design Htg Temp (F) Temp (F) Fan Control
72.0 60 N 30 103 VFED
OSALO
kW/ton (F) Efficiency OSA LO (F)
Cooling 1.10 0 Heating 96% 120
Fan Curve Coefficients (a,b,c, min  0.21976 -0.8748 1.6525947 10%
Ccv
OSA Equiv Heating Cooling Cooling Cooling Cooling
Temp (F) Hours/lyr % OSA  MAT (F) SAT (F) SAT (F) % CFM (kBtu/yr)  (kBtulyr) kWi/ton kw kwh Fan kW _Fan kWh
107 2 15% 77.1 55.0 55.0 100% - 24 1.10 1.0 2 0.4 1
102 a7 15% 76.4 55.4 55.0 98% - 530 1.10 1.0 49 0.4 17
97 109 15% 75.7 57.4 55.0 86% - 1,046 1.10 0.9 96 0.3 28
92 176 15% 74.9 59.3 55.0 75% - 1,413 1.10 0.7 130 0.2 32
87 219 15% 74.2 61.3 55.0 63% - 1,429 1.10 0.6 131 0.1 27
82 290 15% 735 63.3 55.0 51% - 1,483 1.10 0.5 136 0.1 22
7 320 15% 72.7 65.3 55.2 40% - 1,210 1.10 0.3 111 0.1 16
72 359 15% 72.0 67.3 60.2 40% - 915 1.10 0.2 84 0.1 18
67 385 15% 713 69.2 65.0 40% - 524 1.10 0.1 48 0.1 19
62 443 15% 70.5 71.2 70.0 40% - 48 1.10 0.0 4 0.1 22
57 502 15% 69.8 73.2 75.0 40% 564 - 1.10 - - 0.1 25
52 503 15% 69.1 75.2 80.0 40% 1,184 - 1.10 - - 0.1 25
47 378 15% 68.3 77.1 84.7 40% 1,344 - 1.10 - - 0.1 19
42 237 15% 67.6 79.1 89.7 40% 1,135 - 1.10 - - 0.1 12
37 122 15% 66.9 81.1 94.7 40% 734 - 1.10 - - 0.1 6
32 27 15% 66.1 83.1 99.7 40% 196 - 1.10 - - 0.1 1
27 1 15% 65.4 85.0 104.5 40% 8 - 1.10 - - 0.1 0
22 0 15% 64.7 87.0 109.5 40% - - 1.10 - - - -
17 0 15% 63.9 89.0 114.5 40% - - 1.10 - - - -
12 0 15% 63.2 91.0 119.5 40% - - 1.10 - - - -
| TOTAL 4,120 5,165 8,622 1.0 791 0.4 293|
SAVINGS
COOLING 791 kWh COOLING 21 kWh
HEATING 54 Therms HEATING 39 Therms
VENTILATION 293 kWh VENTILATION 285 kWh
PEAK COOLING kW 1.0 kW PEAK COOLING kW 0.0 kw
PEAK VENT kW 0.4 kW PEAK VENT kW 0.04 kW

VSM and HighEff furnace on Air Handlers PGECOHVC107 Calcs 091117.xIs / CZ13 AFUE 96
Copyright (c) 2010 by kW Engineering. All rights reserved.
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NOTES

Single Zone Simulation (Constant Volume)

Hours/yr Annual hours at each temperature range in which the device operates.
% OSA The fraction of outside air.
MAT (F) The temperature of the air after the return air and outside air streams are mixed. For units

equipped with an economizer cycle, the mixed air temperature setpoint is equal to the SAT.
MAT = RAT x (1-%0SA) + OSA x %0OSA

Est Max Zone Load  An estimate of the zone load as a percentage of the design zone load. This accounts for
changes in equipment density, glazing...

Est Min SAT (F) A calculated cell: The SAT that would be required to meet the estimated max zone load
SAT (F) The temperature of the air supplied to the conditioned space. SAT is assumed linear with OSA
Heating (kBtu/yr) The energy supplied by the heating coil = CFM x (SATF - MATF) x 1.08 x hrs / 1000

Cooling (kBtu/yr) The energy supplied by the cooling coil = CFM x (MATF - SATF) x 1.08 x hrs / 1000

Single Zone Simulation (VAV)

CV Equiv SAT (F) The supply air temperature that would be supplied to the space by the unit if the unit were
constant volume.This is used as a proxy for the zone load (not the coil load).

SAT (F) The temperature of the air supplied to the conditioned space. When the flow is at minimum,
the compressors will cycle to maintain the space temperature, so the supply air varies
depending on load. Until minimum flow is reached, the supply air is maintained at minimum
temperature to minimize fan energy.

% CFM The supply air CFM is calculated so that the zone load is met with the SAT.
100% CFM x (Space Temp - CV Equiv SAT) = %CFM x (Space Temp - SAT)
Fan Energy Is based on DOE2 curves for several methods of controlling the fan (VFD, inlet vanes...)

Acceptable codes are: AF DD, AF IV, FC DD, FC IV, VAVP, VFD

VSM and HighEff furnace on Air Handlers PGECOHVC107 Calcs 091117.xIs / CZ13 AFUE 96
Copyright (c) 2010 by kW Engineering. All rights reserved.
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PG&E Deemed Savings Catalog
PGECOHVC Variable Speed Motor and High-Efficiency Furnace
Weather data

Cz11 Cz12

[Design Htg T [Design Clg T | [Design Htg T [Design Clg T |

| 29| 105] | 31] 100]

Red Bluff Sacramento, metro

Count of DBT Time Bin Count of DBT Time Bin

DB_Bin 1 2 3 Grand Total DB_Bin 1 2 3 Grand Total

107 2 1 107 0
102 39 7 17 102 24 9 15

97 111 38 65 97 72 15 34
92 205 106 151 92 139 39 74
87 3 214 130 176 87 209 68 119
82 10 264 165 222 82 1 283 109 176
7 25 242 199 250! 7 7 265 149 208
72 107 270 266 337 72 41 318 216 290
67 254 302 276 391 67 128 310 309 391
62 359 329 290 438 62 278 328 426 536
57 434 327 356 513 57 593 358 501 689
52 466 232 387 521 52 561 291 448 615
47 526 217 367 515 47 531 203 376 520
42 328 110 215 302 42 466 101 192 313
37 277 47 101 171 37 215 19 54 106
32 118 9 17 47 32 88 9 30
27 13 3 27 11 3
22 0 22 0
17 0 17 0
12 0 12 0

Grand Total 2920 2920 2920 8760 Grand Total 2920 2920 2920 8760

Hour profile

12am-8am 0.25

8am-4pm 0.285714286

4pm-12am 0.875 [Percent of houses without programmable thermostar | 0%]

Schedule

Hour S M T W T F S

mid-lam 1:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

lam to 2am 2:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2am to 3am 3:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3am to 4am 4:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4am to 5am 5:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5am to 6am 6:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

6am to 7am 7:00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

7am to 8am 8:00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

8am to 9am 9:00 1.00 0.00 0.00 0.00 0.00 0.00 1.00

9am to 10am 10:00 1.00 0.00 0.00 0.00 0.00 0.00 1.00

10am to 11lam 11:00 1.00 0.00 0.00 0.00 0.00 0.00 1.00

11lam to noon 12:00 1.00 0.00 0.00 0.00 0.00 0.00 1.00

noon to 1pm 13:00 1.00 0.00 0.00 0.00 0.00 0.00 1.00

1pm to 2pm 14:00 1.00 0.00 0.00 0.00 0.00 0.00 1.00

2pm to 3pm 15:00 1.00 0.00 0.00 0.00 0.00 0.00 1.00

3pm to 4pm 16:00 1.00 0.00 0.00 0.00 0.00 0.00 1.00

4pm to 5pm 17:00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

5pm to 6pm 18:00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

6pm to 7pm 19:00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

7pm to 8pm 20:00: 1.00 1.00 1.00 1.00 1.00 1.00 1.00

8pm to 9pm 21:00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

9pm to 10pm 22:00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

10pm to 11pm 23:00: 1.00 1.00 1.00 1.00 1.00 1.00 1.00

11pm to mid 0:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

VSM and HighEff furnace on Air Handlers PGECOHVC107 Calcs 091117.xls / Weather Data
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CZ13

[Design Htg T [Design Clg T |
| 30] 103|
Fresno

Count of DBT Time Bin
DB_Bin 1
107
102
97
92
87 4
82 22
77 97
72 211
67 371
62 352
57 346
52 439
47 438
42 319
37 246
32 70
27 5
22
17
12
Grand Total 2920

82
161
238
253
287
264
250
265
310
337
240
136

66

23

2920

3 Grand Total

27

72
123
167
231
252
268
247
304
365
371
262
158

62

11

2920

2
47
109
176
219
290
320
359
385
443
502
503
378
237
122

VSM and HighEff furnace on Air Handlers PGECOHVC107 Calcs 091117.xls / Weather Data
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PG&E Deemed Savings Catalog

PGECOHVC Variable Speed Motor and High-Efficiency Furnace

Fan Part Load Performance

BY: NFM QC: SRH

This relationships between fan energy and fan flow are taken from the California Energy Commission Guide to
Preparing Feasibility Studies and the 1998 Nonresidential ACM Approval Manual. Note that a typical system
curve, DOE2 default, is assumed and these relationships are not applicable to all systems.

100%
90% -
80% -
70% AF OD
= 60% —®—AF IV
8 40% FC IV
30% ———-VAVP
20% - VFD
10% -
0% T T T
0% 20% 40% 60% 80% 100%
Flow
The equation for fan load as a percentage of full load is
Load = a + bx + cx*2
where x is %Flow and a,b,c are coefficients the depend on the method of controlling the flow.
Van Axial
Control/ [BI/AF Outlet BI/AF Inlet FC Outlet FC Inlet Variable
Coefficients | Dampers(l) VANES Dampers VANES Pitch VFD
a 0.2271429 0.5843452 0.1906667 0.3396190 0.2120476 0.2197619
b 1.1789286 -0.5791670 0.3100000 -0.8481390 -0.5692860 -0.8747840
c -0.4107140 0.9702381 0.5000000 1.4956710 1.3452381 1.6525947
Min Load% 68% 48% 22% 22% 15% 10%

VSM and HighEff furnace on Air Handlers PGECOHVC107 Calcs 091117.xls / Fan Part Load
Copyright (c) 2010 by kW Engineering. All rights reserved.
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PG&E Deemed Savings Catalog

PGECOHVC107 Variable Speed Motor

Costs survey

Model name Full reference Cost

Trane 4TEE - 3 tons - single speed ATEE3F36 $ 1,400

Trane 2TGB - 3 tons 2TGB3F36A1000A | $ 1,250

Average cost for these 2 units $ 1,325

Lennox - CBX32M - 3 tons CBX32M $ 1,600

Average base case cost $ 1,463

Proposed case

Model name Full reference Cost Incremental cost
Trane 4TEE - 3 tons - variable speed |4TEE3F37A $ 1600]|$% 275
Lennox - CBX32MV - 3 tons CBX32MV $ 2,000]|$% 400
Average measure cost $ 1,800(% 338







_1306242682.unknown

_1265102544.unknown

